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9. Climate Change 

9.1 Introduction 

Department of Water Resources (DWR) Integrated Regional Water Management (IRWM) Grant Program 

Guidelines require that the IRWM Plan address “both adaptation to the effects of climate change and 

mitigation of greenhouse gas (GHG) emissions.” To that end, this chapter examines climate trends and 

projections, likely impacts of climate change on the Upper Sacramento, McCloud, and Lower Pit Region 

(USR), associated vulnerabilities, and adaptive strategies that can be employed to better prepare for and 

respond to the effects of climate change.  

9.2 Guiding Documents 

The primary guidelines for the Upper Sacramento, McCloud, and Lower Pit IRWM Plan are contained in 

DWR’s Proposition 84 and Proposition 1E IRWM Guidelines (2012) and DWR’s Proposition 1 2016 

Grant Program Guidelines (2016). These guidelines establish the general process, procedures, and 

criteria for implementing DWR’s IRWM Implementation Grant Program, and they promulgate several 

standards for ensuring IRWM Plans include specific content for effective, implementable regional water 

planning. As it relates to climate change, the guidelines require that all IRWM plans: 

− Include a discussion of the potential effect of climate change on the IRWM region, including an 

evaluation of the IRWM region’s vulnerabilities to the effects of climate change and potential 

adaptation responses to those vulnerabilities; 

− Consider and address adapting to changes in the amount, intensity, timing, quality and variability of 

runoff and recharge; 

− Contain a list of prioritized vulnerabilities that includes a determination of the feasibility of the 

regional water management group to address said vulnerabilities; 

− Include a plan, program, or methodology for further data gathering and analysis of the prioritized 

vulnerabilities;  

− Include a process that considers greenhouse gas (GHG) emissions when choosing between project 

alternatives. 

In addition, when assessing and evaluating climate change impacts and vulnerabilities, DWR’s guidelines 

encourage IRWM regions to bear in mind four documents in particular. These documents are briefly 

described below:  

Climate Change Scoping Plan: Developed by the California Air Resources Board (CARB) in response to 

adoption of AB 32 in 2006, the Scoping Plan codifies the State’s 2020 GHG emissions reduction goal. 

The Scoping Plan was approved by CARB in 2008 and recommends GHG emissions reduction measures 

for nine of the largest economic sectors in the State. The Scoping Plan was subsequently updated in 2014 

with a focus on six key areas that comprise major components of the State’s economy: energy, 

transportation, agriculture, water, waste management, and natural and working lands. At the time of the 

2018 IRWM Plan update, the Scoping Plan was again recently updated (November 2017), again 

continuing its focus on the key economic sectors but this time light of new GHG emissions reduction 

targets set by Executive Order B-30-15 and codified by SB 32. 

Managing an Uncertain Future: Climate Change Adaptation Strategies for California’s Water: 

Developed by DWR in 2008, this white paper urges a new approach to managing California’s water and 

other natural resources in the face of climate change. The document emphasizes IRWM as the mechanism 
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for fostering a collaborative regional approach to water management and understanding climate change 

vulnerability and uncertainty as a key strategy.  

California Climate Adaptation Strategy: California Natural Resource Agency’s 2009 Climate Adaptation 

Strategy (CAS) discusses statewide and sector-specific vulnerability assessments, looking in particular at 

which climate factors will be driving impacts within and across each sector. By identifying these 

interrelationships, the document also highlights opportunities to implement adaptation strategies across 

sectors. Strategies considered by the USR Regional Watershed Action Group (RWAG) drew primarily 

from the following sectors addressed in the CAS:  

− Biodiversity and Habitat: Potential impacts from increased risk of wildfire, spread of invasive 

plants and animals, and loss of critical instream flows.  

− Water Management: Potential impacts from reduced water supply due to loss of snowpack and 

changes in water quality.  

− Forestry: Potential impacts from changes in forest productivity, tree mortality, species migration 

barriers, increase in invasive species, changes in natural community structure, spread of diseases 

and insects, and reduction in ecosystem goods and services.  

− Transportation and Energy Infrastructure: Local communities were established before widespread 

automobile use shaped much of the current transportation infrastructure. As a result, McCloud, Mt. 

Shasta and Dunsmuir are walkable and bikeable communities situated adjacent to railways. Though 

well-positioned for low-carbon transit, need for an interconnected trail system, light passenger rail, 

and/or other transportation improvements impedes low-carbon mobility in the region.  

 

While the USR does not rely heavily on hydroelectricity, hydropower facilities exist within the 

region. A decrease in water availability for hydropower generation along the Upper Sacramento and 

Pit rivers, as well as below Lake Shasta outside the USR, is a potential climate change impact 

discussed in the CAS.  

 

Climate Change Handbook for Regional Water Planning: This 2011 document was prepared jointly by 

DWR, United States Environmental Protection Agency, United States Army Corps of Engineers, and the 

Resource Legacy Fund to assist IRWM regions in incorporating climate change analysis and 

methodologies into their planning efforts. This chapter closely follows the suggested guidelines laid out in 

that document. In particular, one of the core elements is a more detailed vulnerability assessment 

comprised of a series of questions related to various aspects of water management. The questions and 

responses from this vulnerability assessment are addressed in Appendix 9-1.  

9.3 Chapter Resources 

Although the USR is home to watersheds that feed California’s largest reservoir, relatively few studies 

have been undertaken in the region to evaluate historic and potential future changes to the climate. 

Perhaps due to the remote and rural nature of the USR, there has also been little information developed to 

assist water managers and the general public in understanding projected climate change impacts, 

associated vulnerabilities, and adaptation strategies pertinent to the region. As such, in developing the 

information contained herein, including the assessment of probable climate impacts on the region, there 

has been extensive reliance on scholarly journals, work completed in the Shasta Trinity National Forest, 

and assessments completed in other source water regions, including the Inyo-Mono, Upper Pit, and Upper 

Feather River IRWM regions. Nevertheless, the USR’s IRWM program is committed to improving the 

availability of climate change information for regional water practitioners through this IRWM plan, the 
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availability and accessibility of the data management system (see Chapter 13, Data Management), and 

through the continued work of the RWAG. 

9.4 Region Characterization 

Elevations in the USR range from a low of 1,067 feet above mean sea level (msl) at Shasta Lake to a high 

of 14,179 feet msl at the summit of Mount Shasta. Most of the region is located between 1,100 and 4,000 

feet msl. The region’s climate can be best characterized as hot and dry during the summer and cool and 

wet during the winter. A majority of the region’s precipitation falls between October and May, and 

average temperatures range from the mid-40s°F in winter to near 80°F during the summer. Precipitation 

in the region can be highly variable from year to year, in part due to the El Niño Southern Oscillations, 

with annual averages ranging from 45 to 75 inches. Precipitation amounts in the region typically increase 

with elevation, and during the winter snow is common above 7,000 feet. 

Like much of California, the region is subject to periodic droughts and typically receives the majority of 

its annual precipitation from relatively few storm events each year, such that missing even one or two of 

these storms can have significant implications for snowpack, groundwater recharge, and late-season 

streamflow. Further, because of the USR’s general lack of precipitation between June and September and 

elevated summer temperatures, climatic water deficits (i.e., the amount plant water demand exceeds 

availability) are common, as are wildfires. 

9.5 Climate Trends and Impacts 

To better understand climate change in the context of the USR, this section describes observed climate 

trends, both recent and historic, as well as associated impacts. However, because not all climate change 

impacts are relevant to the region, such as sea level rise and the associated intrusion of salt water into 

freshwater aquifers, they are not discussed herein. 

9.5.1 Temperature 

The global mean temperature has risen approximately 1.4°F (0.8°C) 

since 1880, and with approximately two-thirds of this warming 

occurring within the last 40 years, the warming trend appears to be 

accelerating (NASA 2018a). Since 1970, the global mean 

temperature has been increasing at a rate of 0.3°F (0.17°C) per 

decade, or more than twice as fast as the 0.13°F (0.07°C) per decade 

increase observed since 1880 (NOAA 2017). This rise in the global 

mean temperature has been particularly evident of late, with 17 of the 

18 hottest years on record occurring since 2001 (NASA 2018). Rising 

temperatures have not been uniform around the globe, with polar 

regions experiencing greater warming than mid-latitude regions. 

A recent assessment of 20th century biogeographic responses to 

climate change in California compared mean temperatures in ten 

Jepson Floristic Regions (i.e., geographical subdivisions of California 

based on the distribution of plant species) from historic (1900-1939) 

and modern times (1970-2009) (see Figure 9.1). One of these Jepson 

Floristic Regions, the Cascade Ranges ecoregion, extends south from 

the California-Oregon border to the northern Sierra Nevada and is 

bounded by the Klamath and Trinity mountain ranges to the west and 

the Modoc Plateau to the east, such that it encompasses the USR. 

According to the analysis by the study’s authors, the mean minimum 

Figure 9.1 (above). Change in annual 

mean temperature (°C) between 

historic (1900-1930) and modern 

times (1970-2009). From Rapacciuolo 

et al. 2014. Red circle shows approx. 

location of USR. 
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temperature in the Cascade Ranges ecoregion rose 0.86°F (0.48°C) between historic and modern times, 

while the mean maximum temperature and mean annual temperature decreased by 0.58°F (0.32°C) and 

0.05°F (0.03°C) respectively (Rapacciuolo et al. 2014).  

However, in a separate review of past and probable future climate change in and around the Shasta Trinity 

National Forest by the USDA Forest Service, increases in annual mean, mean maximum, and mean 

minimum temperatures were observed. Data were collected from five weather stations between 1911 and 

2015 and, although the data are of variable duration and completeness, all weather stations surveyed 

showed significant warming trends in the region (Butz et al. 2015). While only three of the five weather 

stations included in the study are within or near the USR (McCloud, Mt. Shasta, and Shasta Dam), the 

observed changes in temperature among the stations are generally consistent (see Table 9.1). 

Table 9.1: Observed Changes in Temperature: Shasta-Trinity National Forest 

 Shasta Dam 

(1,070’ elev.) 

Weaverville 

(2,050’ elev.) 

Whiskeytown 

(1,310’ elev.) 

McCloud 

(3,280’ elev.) 

Mt. Shasta 

(3,590’ elev.) 

Mean °F +1.5 +1.2 +2.3 +1.9 +1.7 

Max °F +1.8 NS +2.4 +1.5 NS 

Min. °F +1.2 +2.4 +2.3 +2.2 +1.5 

Data range 1944-2015 1913-2009 1961-2015 1911-2015 1988-2012 

Source: Butz et al. 2015 NS = Not statistically significant 

9.5.2 Precipitation 

Trends in global precipitation have also been observed. This is because 

as the atmosphere warms, it can hold more water vapor, and with 

increased warming there is more water evaporating from the Earth’s 

surface for the atmosphere to hold (IPCC 2013). However, much like 

changes in temperature, changes in precipitation have not been uniform 

around the globe. This is because wetter areas of the planet have more 

water available to feed storms than drier areas. Hence, the greatest 

observed increases in precipitation in the United States have been in the 

wetter areas of the country, such as the Northeast, Midwest, and 

Southeast (NASA 2013, Kunkel et al. 2013).  

According to the data analyzed by Rapacciuolo et al. (2014), there have 

been slight to moderate increases in mean annual precipitation between 

historic (1900-1939) and modern times (1970-2009) throughout much of 

Northern California and significant declines in mean annual precipitation 

in Southern California (see Figure 9.2).  

The Forest Service’s assessment of climate trends in and around the 

Shasta Trinity National Forest (Butz et al. 2015) indicated that the 

findings of Rapacciuolo et al. (2014) for Northern California are 

supported by precipitation data collected at the five weather stations 

shown in Table 9.1 above, with all stations showing less-than-significant 

increases in mean annual precipitation for the region. While precipitation 

recorded at the weather stations increased slightly, snowfall declined 

significantly at all weather stations with available records. The decline 

was particularly significant in McCloud where a decrease of 69 inches 

was recorded between 1943 and 2007 (Butz et al. 2015).  

Figure 9.2 (above). Change in 

annual mean precipitation 

between historic (1900-1930) and 

modern times (1970-2009). From 
Rapacciuolo et al. 2014. Red 

circle shows approx. location of 

USR. 
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9.5.3 Drought and Wildfire 

Drought 

Although some authors have found that there has been relatively little change in the frequency of droughts 

over the past 60 years (Sheffield et al. 2012), this century has already seen significant droughts in 

southern Europe, the eastern Mediterranean, India, Australia, North America, China, Africa, the South 

Pacific, Brazil, and the Caribbean (World Resources Institute 2015, NASA 2016). In many parts of the 

world, including California, droughts are a 

natural component of the climate’s inherent 

variability. According to Seager et al. (2014), 

it’s still not clear whether the 2012-2016 

California drought was part of a long-term 

change in precipitation due to climate change or 

simply a recurring natural phenomenon that 

entailed a persistent high-pressure ridge over the 

Pacific similar to historic droughts, albeit for an 

extended period. It is clear California’s most 

recent drought was the state’s worst since record 

keeping began in 1895 (see Figure 9.2), and 

based on tree ring data, it was either the most 

severe or the second most severe drought for 

southern California since 1452 (Meko et al. 

2017). 

Wildfire 

According to Butz et al. (2015), “data on forest fire frequency, size, and total area burned all show strong 

increases in California over the last two to three decades.” Further, increasing frequency of large fires 

throughout the western United States was strongly associated with warming temperatures and earlier 

snowmelt, and most fires in Northern California between 1980 and 1999 that were larger than 494 acres 

(200 hectares) coincided with early springs (Westerling 2006).  

With 13 15 of California’s 20 largest wildfires 

over an 85-year period occurring since 2000 (CAL 

FIRE 20172018), some scientists believe that the 

combined effects of increased heat and drought are 

already contributing to larger and more frequent 

wildfires in California (Krawchuck and Moritz 

2012, Yoon et al. 2015). The California Office of 

Environmental Health Hazard Assessment recently 

updated their 2009 report: Indicators of Climate 

Change in California (OEHHA 2018). In this 

report, OEHHA states that “[t]he data suggest a 

trend toward increasing acres burned statewide 

since 2000. The three largest fire years since 1950 

have occurred in the past decade (2003, 2007 and 

2008), and the annual average since 2000 (598,000 

acres) is almost twice that for the 1950–2000 

period (264,000 acres).” 

Figure 9.2 (above). Palmer Drought Severity Index. From 

OEHHA 2018. 

Figure 9.4 (above). Annual area burned by wildfires 

in California between 1950 and 2017. From 

OEHHA 2018.  
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Figure 9.3 (top right). Upper 

Sacramento River daily discharge in 
CFS at Delta from May 1998 to May 

2018. Source: USGS 2018 

 

 

 

 

 

 

 

Figure 9.4 (bottom right). McCloud 

River mean daily discharge in CFS 

from May 1998 to May 2018. Source: 

DWR 2018. 

Interestingly, however, a 2012 study of the Klamath, Mendocino, Shasta-Trinity, and Six Rivers National 

Forests found that although wildfire size and frequency have been trending upward, the severity of 

wildfires has not (Miller et al. 2012). The authors concluded that, under appropriate conditions, fire could 

be more extensively used in the region to achieve management objectives.   

9.5.4 Flooding 

Because of shifts in precipitation from snow to rain, diminishing snowpack, and earlier snowmelt and 

runoff, peak natural flows have increased on many California rivers during the past 50 years. For 

instance, the five highest floods of record on the American River have occurred since 1950 (DWR 2008). 

However, despite slight increases in magnitude in both high and low daily flows, there has been little 

change in the median daily discharge on the Upper Sacramento River over the past 20 years (Figure 9.3) 

and little change in the mean daily flow on the McCloud River for the same period (Figure 9.4).   

In general, spring-fed systems are more likely to sustain relatively consistent seasonal flows, whereas 

annual-precipitation-dependent streams are more vulnerable to flooding. However, not all flooding in the 

USR has been tied to spring runoff or even precipitation. In September 2014, a section of Konwakiton 

Glacier high on the slopes of Mount Shasta collapsed due to drought-induced lack of protective snowpack 

and elevated temperatures, resulting in a substantial debris flow along Mud Creek that spilled over and 
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onto local roadways. This was very similar to another significant debris flow on Mud Creek that occurred 

in 1924 when comparable drought conditions existed (Blodgett et al. 1996). According to Blodgett et al. 

(1996), debris flows along streams originating from glaciers on Mt. Shasta have been relatively common, 

occurring on average once every 2.8 years between 1900 and 1985.  

9.5.5 Ecosystems and Habitat 

Several shifts in historic plant community composition have been observed in California over the past 

century. However, many of these changes have been the result of land use practices, such as timber 

production and fire suppression, rather than climate change. Nevertheless, observed declines of large trees 

in Northern California, as well as plant community shifts away from conifers to oaks in other parts of the 

state have been tied to climatic water deficits (i.e., drought stress) related to elevated temperatures and 

decreased precipitation. In addition, annual tree mortality in California increased dramatically beginning 

in 2012 in response to the recent drought and record high temperatures, with roughly 129 million trees 

lost between 2012 and 2017 (OEHHA 2018). 

In addition to changes in plant communities, shifts in phenology, habitat, and range have been observed in 

wildlife in response to the changing climate (CNRA 2009, OEHHA 2018). While it is anticipated that 

some species will migrate northward and upslope in response to thermal stress, Rappacciuolo et al. (2014) 

found that downslopes shifts have been as common as upslope migrations due to triggers other than 

temperature, such as resource availability and competition. 

9.6  Climate Projections 

While it is helpful to understand recent and historic trends in the climate, projections of probable future 

conditions are more relevant in terms of natural resources management, planning, and policymaking. This 

section examines climate projections based on available scientific studies and modeling, and includes 

anticipated changes in the amount, intensity, timing, quality, and variability of runoff and recharge so that 

appropriate adaptive strategies might be developed to address climate change in the region. However, 

predicting future conditions is not as simple as projecting historic trends forward. For this reason, 

scientists rely upon numerous climate models and possible future scenarios to help them better understand 

possible climate change impacts around the globe. It is understood that these models are inherently 

imperfect, not only because of humanity’s unpredictable response to climate change, but because the 

models produce outputs at a scale of tens of thousands of square kilometers, which is too coarse for use in 

smaller mountainous regions like the USR. Efforts to downscale General Circulation Models (GCMs) and 

to develop regional climate models (RCMs) have improved over the last few years, and while not perfect, 

they are presently the best tools for predicting regional climate trends.  

A collaboration of research institutions and federal agencies has made climate models readily available 

through the World Climate Research Programme’s Coupled Model Intercomparison Project (CMIP). The 

project began in 1995 and is continually being refined with the introduction of improved climate models 

(currently in Phase 5 or CMIP5, with finalization of Phase 6 or CMIP6 underway). Through the project’s 

website (https://cmip.llnl.gov/) users can request bias-corrected spatial downscaled (BCSD) model output 

for any geographic region and for any time period within the 21st century.  

When climate change impacts for the region were initially modelled for the 2013 IRWM Plan, using 

CMIP3 models were used. During the 2018 IRWM Plan update, the region’s GIS boundary was uploaded 

to Cal Adapt, a California Energy Commission on-line portal (https://cal-adapt.org/) that provides access 

to downscaled CMIP5 climate projections, historical observed temperatures, and precipitation data to 

project climate change impacts for user-defined areas of the state. Within Cal-Adapt, two possible 

emissions scenarios can be run: RCP 4.5, where emissions peak around 2040, then decline; and RCP 8.5, 

where emissions continue to rise strongly through 2050 and plateau around 2100. RCP 8.5 is often 

https://cmip.llnl.gov/
https://cal-adapt.org/
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referred to as the “business as usual” scenario because it assumes, among other things, that the world will 

continue to rely heavily on fossil fuels for power generation rather than transitioning to alternative energy 

sources to reduce GHG emissions.  in 2012, models could be run with any combination of three IPCC 

Special Report on Emissions Scenarios (SRES) — A1B, A2, or B1. These emissions scenarios represent a 

set of “best guesses” of what future emissions might be based on population, economic conditions, energy 

sources, technological development, environmental policy, etc. A1B is a medium-emissions scenario, 

reaching approximately 700 parts per million (ppm) CO2 by 2100 (global CO2 is currently approximately 

400 ppm). B1 represents a lower-emissions scenario, leveling out at just over 500 ppm by 2100, and A2 is 

a higher-emissions scenario that would reach 850 ppm by 2100. 

During development of the USR IRWM Plan, several different runs of six GCMs were used for an 

analysis of probable future temperatures and precipitation in the USR for the 21st century. To bound the 

high and low probabilities of changes in the atmosphere, only the A2 and B1 emissions scenarios were 

used. Further, because model outputs were only available on a grid scale, it was not possible to achieve 

projections at a watershed scale. Instead a rectangle including the boundaries of the region was used as a 

best approximation.  

 

9.6.1 Temperature 

To better understand probable future temperatures in the USR, the mean annual temperature was 

calculated under both the high- and low-emissions scenarios (i.e., A2 and B1), resulting in a During 

development of the 2013 IRWM Plan, CMIP3 models were used to project the future mean annual 

temperature under high- and low-emissions scenarios. This effort projected an average increase of 

0.034°F (0.019°C)/year under a low-emissions scenario and an average increase of 0.072°F 

(0.040°C)/year under a high-emissions scenario (see Figure 9.5). This is equivalent to an increase of 3.6 

to 7.6°F (2.0 to 4.2°C) in the USR’s mean annual temperature by the end of the century.  

Projected shifts in the mean annual temperature do not tell the complete story, however, as details such as 

highs and lows are lost in the averaging. Further, because of its effect on precipitation, snowpack, and 

runoff, an increase in the mean minimum temperature could potentially have a more profound impact on 

water resources in the USR than an elevated mean maximum annual temperature. For instance, although 

an increase of a few degrees Fahrenheit in the mean maximum annual temperature can exacerbate drought 

stress, shrink glaciers, lead to more frequent wildfires, cause ecological disruptions, etc., a similar 

increase in the mean minimum temperature can be the difference between rain and snow during the winter 

months, which could in turn negatively affect runoff and groundwater recharge, late summer stream 

flows, stream temperatures, and water supply availability.  

According to Cal-Adapt, under the RCP 8.5 high emissions scenario, the mean maximum temperature is 

projected to increase approximately 6.8°F (3.8°C) to 10.9°F (5.1°C) by the end of the century (2070-

2099) while the mean minimum temperature is projected to increase 6.2°F (3.4°C) to 10.1°F (5.6°C) over 

the same period.a California Energy Commission on-line portal that uses several models to project 

climate change impacts for user-defined areas of the state, an increase in the mean minimum temperature 

of 5.3°F (2.9°C) to 9.0°F (5.0°C) is projected for the USR by the end of the century (2070-2099). With an 

historic (19611950-1990) mean minimum temperature of 33.2°F (0.7°C) in the USR, an increase of even 

few degrees Fahrenheit has potentially significant implications for future snowpack and regional water 

supplies. 
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9.6.2 Precipitation 

Precipitation projections for California vary, with some models indicating a possible increase in 

precipitation throughout the century, others decreasing precipitation, and still others little change in 

annual average precipitation (Das et al. 2013, Neelin et al. 2013, Berg et al. 2015). This inconsistency in 

the climate models is due to several factors, including the relatively large internal variability of 

California’s climate, as well as California’s location at a transition zone between those areas expected to 

become wetter as a result of climate change and areas expected to become dryer (Allen and Luptowitz 

2017, Putnam and Broecker 2017).  

According to the analysis prepared for the USR, both the high- and low-emissions (RCP 4.5 and RCP 8.5) 

scenarios are expected to result in a slight decreases increase in annual precipitation across the region. 

Although neither scenario is expected to result in a substantial indecrease, the A2 RCP 8.5 (i.e., high-

emissions) scenario is projected to result in a slightly larger increase slightly greater decrease in annual 

precipitation. (see Figure 9.6). 

In addition to projecting a slight reduction increase in the region’s mean annual precipitation, climate 

models show increasing year-to-year variability in wet and dry years consistent with projections for the 

rest of the state. For instance, Berg and Hall (2015) found that under a high-emissions scenario extremely 

dry wet seasons are likely to become 1.5 to 2 times more common by the end of the century and extreme 

wet years are likely to triple in frequency. This increasing variability between extremes is expected to 

result in what Swain et al. (2018) dubbed “hydrologic whiplash,” or the occurrence of two consecutive 

years when wet season precipitation falls under the 20th percentile in the first year followed by 

precipitation above the 80th percentile in the second year. According to Swain et al. (2018), although 

Northern California is likely to experience a substantial increase in “very rare flood events,” “hydrologic 

whiplash” is expected to be worse in Southern California due to a stronger increase in dry extremes 

(increased frequency of approximately 50%). With increasing variability in precipitation, droughts, 

wildfires, and flooding all become more likely. 

9.6.3 Drought and Wildfire 

As discussed above, the frequency of droughts, 

or “extremely dry wet seasons,” is expected to 

increase substantially in the coming years. But 

it is not simply the incidence of drought that 

matters when it comes to understanding how 

this could affect the region. This is because 

some droughts are not as severe or long lasting 

as others, and it is the strain on the 

environment created by prolonged water 

shortages that is so potentially detrimental. For 

this reason, scientists also model climatic water 

deficit (CWD), or the amount by which 

potential evapotranspiration exceeds available 

soilspoil moisture. Because CWD integrates 

the combined effects of rainfall, air 

temperature, topography, and soil structure to 

estimate where and by how much water 

demand will exceed availability, it serves as an 

excellent measure of drought stress. As shown 

in Figure 9.7 below, CWD is likely to increase 
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in the USR even under a warm and wet, low-emissions scenario, and could increase substantially under a 

hot and dry, high-emissions scenario. This indicates that drought-like conditions are likely to persist in the 

region even during non-drought years in the future.  

Although several factors affect the size and frequency of wildfires, the progressively warmer temperatures 

and associated drought stress projected for the region are expected to contribute to an increase in wildfire 

size and frequency that climate models predict will worsen over time (Krawchuck and Moritz, 2012; 

Yoon et al., 2015). 

Although no formal assessment of future wildfire activity has been prepared specific to the USR, 

according to the Climate Change and Health Profile Reports prepared for Shasta and Siskiyou counties, 

the probability of fire over a 30-year period is expected to increase across the region on average by 40% 

by the end of the century (CDPH 2017a; 

CDPH 2017b). 

9.6.4 Flooding 

According to Swain et al. (2018), “very rare 

flood events” like the Great Flood of 1862 that 

inundated hundreds of square miles of the Central Valley are expected to become increasingly common as 

a result of climate change, even potentially occurring twice in Northern California by the end of this 

century. Nevertheless, because of the USR’s generally high relief terrain, virtually no broad floodplains 

are present in the region and it is unlikely that the USR will experience widespread flooding like that 

experienced in the Central Valley. Still, storms much smaller than the mega-storm of 1862 can result 

in significant localized flooding in the USR, particularly along the Upper Sacramento River through 

Dunsmuir and Castella and adjacent to Panther Creek in McCloud.  

As with projections for other mountainous regions in the state, it is anticipated that the most likely 

contributor to flooding in the region will come from earlier snowmelt when combined with rain-on-snow 

(ROS) events and greater variability in precipitation (Condon et al. 2015). However, Cohen et al. (2015) 

note that “…warmer temperatures also result in disappearing snow cover and a decreasing frequency in 

ROS events” such that this potential may decrease with diminishing snowpack. 

In addition to the flood potential associated with precipitation and runoff, Mt. Shasta’s glaciers are 

expected to become increasingly vulnerable to warming and more frequent droughts that deplete 

protective high elevation snowpack (Howat et al. 2007), potentially facilitating debris flows on Mud 

Creek and other glacial-fed drainages (Blodgett et al. 1996).  

9.6.5 Ecosystems and Habitat 

In general, as existing habitats shift in response to changing environmental conditions and become less 

suitable for the species they currently support, species are expected to either migrate toward more 

favorable conditions, adapt to the new conditions, or die (CNRA 2009).  

For example, as the chronic stress of decreased soil moisture and more frequent droughts continues to 

build, trees that are currently under duress will be more likely to perish and others may become 

increasingly strained and vulnerable to attack from damaging insects and pathogens (Das et al. 2013). 

Even long-lived species that have adapted to life in an increasingly drier world, like Jeffrey pine (Pinus 

jeffreyi), could be affected. Moreover, when tree loss is combined with an increase in wildfires capable of 

opening large areas of habitat for colonization, as well as the migration of other species toward more 

favorable conditions, the range and composition of the region’s forests is likely to shift (CNRA 2009, 

Cornwell et al. 2012). In addition, because invasive species are generally able to thrive under a wider 

Figure 9.7 (rightabove). Projected Change in 

Climatic Water Deficit Under Four Climate 

Scenarios. From: Thorne et al. 2016. Red circle 

shows approx. location of USR. 
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range of conditions than native species, their competitive advantage, and therefore presence in the 

region’s habitats, could become even greater in the coming years (CNRA 2009).  

With these changes in natural community composition, relationships between species will also be 

affected. Moreover, as the timing of natural events, such as flowering, insect emergence, and bird 

migration shift in response to increasingly warmer temperatures, interactions among co-evolved species 

could become disrupted, placing species at risk (CNRA 2009). 

For those species that are specialists, are currently vulnerable to environmental stressors, and/or that have 

limited populations, climate change is likely to create an even greater risk of extirpation from the region, 

or in the case of species endemic to the USR, potential extinction (CNRA 2009, Burge et al. 2016). This 

includes denizens of the region’s aquatic habitats, like McCloud River redband trout (Oncorhynchus 

mykiss stonei) that require cold, clean, oxygenated water to survive and reproduce. Already facing threats 

to their survival in portions of the region, the McCloud River redband trout could face further reductions 

in range and abundance due to warmer water temperatures and more variable stream flows (Moyle et al. 

2012). In addition, for those alpine species that live near the upper limits of available habitat, such as 

whitebark pine (Pinus albicaulis), Clark’s nutcracker (Nucifraga columbiana), and American pika 

(Ochotona princeps), there is already little habitat left for them to migrate toward (Barr et al. 2010, PBCS 

2018). Indeed, studies suggest that both whitebark pine and American pika may already be disappearing 

from the western United States as a result of climate change (Beever et al. 2016, Aitken et al. 2008). 

9.6.6 Variable Runoff and Recharge 

As the climate warms, more of the precipitation that falls on the USR is projected to fall as rain (Miller et 

al. 2003) and both diminished snowpack and rain-on-snow events become increasingly likely (Knowles et 

al. 2006). In addition, climate models project less precipitation during the spring and fall, thereby 

shortening the period of time that the region is expected to receive its annual precipitation (Cayan et al. 

2009, Thorne et al. 2012) and shifting the timing of runoff to earlier in the year (Miller et al. 2003). When 

predicted shifts in the type of precipitation and timing of runoff combine with atmospheric rivers, or 

streams of moist tropical air, that currently deliver most of the state’s annual precipitation during 

relatively few days each year (Dettinger et al. 2011), more frequent flooding becomes likely (Condon et 

al. 2015). In addition, because of the projected loss of snowpack, earlier runoff, and more frequent dry 

years, lower summer flows and elevated instream temperatures are expected (Madej 2011).  

Although summer flows in the USR’s major rivers have not yet been observed to be decreasing (perhaps 

due to the abundant spring sources throughout much of the region that serve to buffer late-summer water 

supplies), Moser et al. (2009) documented a 23% decrease in the April-July annual runoff within the 

Sacramento basin over the past 100 years. 

Possibly the most in-depth analyses of timing and variability of runoff within the USR comes from 

Pacific Gas and Electric (PG&E), a utility with a significant stake in analyzing and predicting flow inputs 

to its hydroelectric generating system. PG&E’s water management team has documented a “…significant 

reduction in the low- to mid-elevation April 1 snowpack during the second half of the 20th century. This 

appears to be most noticeable within the PG&E headwater drainage from the Yuba River in the central 

Sierra north into the McCloud and Pit Rivers in the southern Cascades. This downward shift appears 

balanced among increased frequency of both precipitation occurring as rainfall and earlier snowmelt. The 

effect has been an overall shift in runoff timing and quantity from the spring into the winter period” 

(Freeman 2003).  

Freeman (2003) notes that the lower-elevation snow zone (below 6,000 feet) is the most sensitive to early 

melt and lack of seasonal accumulation in recent years. Along with the early snowmelt, the increased 
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rainfall produces runoff at a much faster rate than snowmelt alone and has increased the frequency and 

amount of winter (as opposed to spring) runoff periods (Freeman 2008). 

The shift from spring to winter runoff periods has implications for water use and management both within 

the watershed and for those downstream. In a later analysis on spring snowmelt and sub-basin runoff, 

Freeman (2010) discussed planning by PG&E to incorporate adaptive water management strategies with 

the assumption that climate impacts on snowpack and early melt will “…likely accelerate change in 

annual snowpack [into the future].” 

9.7 Vulnerabilities 

According to DWR Guidelines, each IRWM plan must evaluate the region’s vulnerabilities to climate 

change and potential adaptation responses based on a vulnerabilities assessment that is at a minimum, 

equivalent to the vulnerabilities assessment contained in the Climate Change Handbook for Regional 

Water Planning (USEPA and DWR 2011). As such, a vulnerabilities assessment consisting of responses 

to the questions posed in the Climate Change Handbook for Regional Water Planning was completed 

during development of the 2013 IRWM Plan. The following discussion is based upon that assessment, 

which is included as Appendix F.  

9.7.1 Water Supply/Demand 

Most communities in the USR rely on spring water from sources that are primarily recharged by snow 

falling on the slopes of Mount Shasta. The reliance on spring sources by regional water providers has had 

limited drought vulnerability in the past, but a diminishing snowpack could negatively affect spring 

recharge, particularly during years of extended drought. Furthermore, regional inhabitants will not be able 

to resort to an alternate water supply in times of drought or other crisis because of the region’s relative 

isolation and lack of water storage and conveyance infrastructure. Similarly, water supply for 

environmental water needs will likely be less available.  

The nearly exclusive reliance on springs in the region represents a significant vulnerability, because 

almost no long-term storage capacity for domestic, municipal, or industrial water supply exists within the 

region above Shasta Lake Reservoir. While there is limited storage capacity in the Upper Sacramento 

(Lake Siskiyou), McCloud (McCloud Reservoir), and Lower Pit (Iron Canyon and Pit 4, 5, and 6 

Reservoirs) watersheds, these impoundments are associated with flood control and power supply 

infrastructure.  

The most significant water storage in the USR is in the groundwater systems, which as previously noted 

are not well-understood due to the region’s volcanic geology. Both California Trout’s Mt. Shasta Springs 

2009 Summary Report (California Trout 2010) and the California GAMA Special Study Tracers of 

Recent Recharge to Predict Drought Impacts on Groundwater: Mount Shasta Study Area (Visser et al. 

2016) describes some of this complexity, revealing that the region’s springs have varying recharge 

elevations and residence times, exceeding 50 60 years in some cases. (As stated elsewhere, some RWAG 

members have expressed concern about the methods and conclusions of the Cal Trout report.) While 

spring flows do vary seasonally and year to year, how these fluctuations are impacted by periods of 

extended drought is not currently known, suggesting that some supplies may be more vulnerable to the 

impacts of climate change than others.  

Water supply vulnerability is compounded by seasonal, highly variable water use, with summer use 

typically several times that of winter, primarily due to landscaping. Particularly in McCloud, where water 

meters have yet to be installed, average household monthly water demand in the summer far exceeds 

statewide averages. This demand has affected supply in the past and could negatively affect the amount of 

water available for various uses in the communityresidents and water-dependent industry in the region.  
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However, apart from water bottling plants that rely on spring water and groundwater for their operations, 

no other industries in the USR currently demand significant quantities of water. There is no large-scale 

agriculture in the region other than forestry. Lack of water demand in the industrial and agricultural 

sectors, however, could change as USR communities recover from the historic timber decline.  

9.7.2 Water Quality  

Decreased water quality due to the effects of climate change is most likely to be associated with the 

increased risk of wildfire and related secondary effects. Vegetation loss and subsequent erosion, increased 

sedimentation, and higher water temperatures are all likely to impact regional water quality. As stated 

above, the potential for more frequent, extreme fire behavior is associated with predicted temperature 

increases and potential for increased drought, greater variability in precipitation, and earlier snowmelt.  

In addition to shifts in water quality due to wildfires, lower instream flows caused by prolonged droughts 

could (1) diminish the seasonal assimilative capacity of the region’s streams and challenge the ability of 

wastewater treatment providers to adhere to the terms of their discharge permits; and (2) result in 

increased stream temperatures and lower dissolved oxygen. Further, changes in precipitation patterns (i.e., 

increasing proportion of rain to snow), as well as increased precipitation due to greater variability in 

storm events could lead to an increase in contaminants being flushed into USR waterbodies. 

9.7.3 Groundwater Resources 

The USR’s groundwater hydrology, and by extension groundwater resilience, is not well-understood due 

to the complexity of the region’s volcanic geology and the relatively few groundwater basins (DWR 

2016). Shifts in the timing of precipitation and a diminishing snowpack could severely affect groundwater 

recharge in the USR, but such effects remain speculative in absence of better information. In general, 

RWAG members support further research on groundwater in the USR, while recognizing challenges 

presented by local geology. Relatively few studies on the region’s groundwater resources have been 

completed to date. Among them are an evaluation of the Medicine Lake Highlands aquifer prepared by 

Dr. Robert Curry and commissioned by the Mount Shasta Bioregional Ecology Center (Curry 2014) and 

the groundwater elevation dataset funded by DWR and completed by Trout Unlimited (Harrison/Roberts 

201&). In addition, a 

As discussed in Section 9.7.1, a recent Cal Trout study of springs on and around Mt. Shasta 

commissioned by Cal-Trout found that there is wide variation in both the recharge elevation of the springs 

and the period of time the associated groundwater resides underground, suggesting that some groundwater 

supplies may be more vulnerable to the effects of climate change than others (California Trout 2010). The 

work completed by Cal Trout was recently expanded upon by researchers at Lawrence Livermore 

National Laboratory in their 2016 study Tracers of Recent Recharge to Predict Drought Impacts on 

Groundwater: Mount Shasta Study Area (Visser et al. 2016). 

9.7.4 Drought and Wildfire 

Drought 

To date, summer flows have not been observed to be decreasing in the USR’s major rivers. Nevertheless, 

potential impacts to assimilative capacity are a concern on the Upper Sacramento River. The cities of Mt. 

Shasta and Dunsmuir have waste discharge permits to release treated effluent into the river from their 

wastewater treatment plants (WWTP). Seasonal low flows below Box Canyon Dam are already 

necessitating facility upgrades to the City of Mt. Shasta’s WWTP and decreasing future flows could 

exacerbate this problem.  
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The flow requirements out of regional reservoirs have been met in the past, but the future for these flow 

requirements is unknown due to regulatory uncertainty. Box Canyon Dam, run by the Siskiyou Power 

Authority, has a mandate for temperature, dissolved oxygen, and flow into the river below the dam 

(Siskiyou County Flood Control and Water Conservation District 1983). While there has never been a 

problem with the dissolved oxygen and temperature (the water is pulled from deep in the reservoir, 

maintaining a cool temperature; it then runs through the power production mechanism, which 

substantially increases the dissolved oxygen content), the outflow required is more than the inflow during 

most summer months. The facility is outside Federal Energy Regulatory Commission (FERC) oversight, 

so power production capacity projections have not been completed, and are currently unknown. It is 

possible that, because of projected climate effects on regional hydrology (more frequent droughts and 

more variable precipitation), the flow mandate for Box Canyon Dam will become increasingly difficult 

with which to comply.  

Wildfire 

As the size and frequency of wildfires increases in response to a warming climate, the increased 

percentage of burned area will affect water quality during and post rain events. For instance, in 2012 the 

Bagley Fire burned nearly 50,000 acres of rugged, remote timberland in the Squaw Creek and McCloud 

River watersheds. The fire was followed by significant rainfall events that November and December, 

resulting in significant erosion in the watersheds and substantial inputs of sediment and large debris to 

Shasta Lake Reservoir, the primary water storage for the Central Valley Project, which provides water for 

municipal and agricultural uses throughout California. 

All the major reservoirs in the region are surrounded by mature, often over-stocked timber stands, 

susceptible to natural or human-caused fire. While potential impacts from wildfires on water quality are 

prevalent throughout the USR, due to the increased risk of ignition in the wildland-urban interface, 

particularly along roads, areas of concern include the Upper Sacramento River canyon, Rainbow Ridge 

above Lake Siskiyou, and surrounding the Mt. Shasta Forest subdivision in the McCloud Flats.  

In addition to potential loss of life and property, wildfires present public health risks to USR communities 

even when located many miles distant. For instance, the 2018 Carr, Hirz, and Delta fires resulted in the 

issuance of air quality advisories throughout Shasta and Siskiyou counties (Skropanic 2018). The fine 

particulate matter contained in smoke is known to be especially harmful for those with underlying health 

conditions and long-term exposure may increase the rate of respiratory and cardiovascular illness. 

9.7.5 Flooding  

With increasing variability in precipitation and potentially more frequent rain-on-snow events, it is 

anticipated that storms could result in a greater volume of water entering municipal treatment systems due 

to elevated infiltration and inflow. This has the potential to increase the cost of wastewater treatment, 

degrade the quality of effluent discharged to USR rivers, and challenge the ability of WWTP operators to 

adhere to discharge limits. 

Little flood-protection infrastructure exists in the region. There are some older levees, but their exact 

extent is undetermined. Many of these older levees, built under earlier flood control and flood 

management goals, are exposed to scouring, and are at risk of failure. Some of the dams in the region 

were built with flood control as one of their primary purposes (e.g., Box Canyon Dam on the Upper 

Sacramento River). Although occasional downstream flooding has occurred since Box Canyon Dam was 

constructed in 1970, there have been no failures of flood control facilities (dams or levees) documented in 

the USR. In addition, due to the historic realignment of Panther Creek through McCloud, parts of the 

community, including the downtown area, are subject to periodic shallow flooding.  
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According to the Siskiyou County – Draft Hazard Mitigation Plan (2011), the majority of flood related 

hazards have to do with transportation. Roads typically have been closed due to varying degrees of 

erosion-related washout. Sections of Interstate 5 and Highway 89 pass through the 100-year floodplains 

of nearby streams and are thus exposed to potential flooding. Climate effects of potentially increased rain-

on-snow events, more variable precipitation, and increased potential for wildfire may increase the 

potential for damage to transportation infrastructure. 

9.7.6 Ecosystems and Habitat 

All plant and animal species are sensitive to shifts in climate, however, some species have broader 

tolerances than others. Generally wide-ranging or broadly distributed species, such as deer, bear, 

mountain lion, and ponderosa pine are better able to adapt to changing conditions. Species with narrow 

distributions or those whose presence in the USR is already at the edge of their habitat envelopes are at 

greater risk. For example, American pika, Clark’s nutcracker, and white bark pine, all of which inhabit 

tree line on Mount Shasta, are considered to be at elevated risk due to climate change. However, overall 

there has been little research on the potential impacts of climate change on vulnerable species within the 

region. 

The only wildlife species in the USR that is listed under the U.S. Endangered Species Act (ESA) and the 

California Endangered Species Act (CESA) is the threatened northern spotted owl (NSO). Impacts of 

climate change, particularly increased wildfire, were identified as threats to the NSO in the most recent 

federal Recovery Plan (USFWS 2011). Impacts of climate change to vegetative communities were not 

regarded as a threat to the Pacific fisher, a member of the weasel family found in the USR, for which 

listing under the ESA was considered but denied (USFWS 2016). However, high intensity wildfire was 

identified as a threat to fishers; increase in such fires may be an outcome of climate change, as discussed 

above. 

Although no longer present within the USR, 

endangered winter-run Chinook salmon are native 

to the region. As discussed in Chapter 3, Region 

Description, the feasibility of restoring winter-run 

Chinook to portions of the McCloud, Upper 

Sacramento, and/or Pit River watersheds is being 

explored. However, with climate change 

projections that include: reduced spring flows, 

rising stream temperatures, and erosion and 

sedimentation exacerbated by larger and more 

frequent wildfires, the reintroduction of 

anadromous species to the USR could be affected.  

While not listed as threatened or endangered, 

genetically pure McCloud River redband trout 

inhabit some intermittent and isolated stream 

segments in the McCloud River watershed that 

are largely spring-dependent. The springs have 

historically provided a buffer against low flows 

and elevated stream temperatures, however, 

projections for extended drought conditions could 

result in reduced flows and higher water 

temperatures, thereby jeopardizing these 

populations. While hybridized redband trout are 
Figure 9.8 (above). Macrogroup vulnerability rankings 

averaged across climate projections. Grey areas on the 

map represent urban and agricultural areas and were not 
evaluated. From: Thorne et al. 2016. Red circle shows 

approx. location of USR. 
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likely to persist in other, better connected portions of the region’s waterways, loss of the geographically 

isolated populations would represent a significant loss of biodiversity for the region. Recognizing this 

potential vulnerability, Moyle et al. ranked the McCloud River redband trout as “critically vulnerable” in 

their Projected Effects of Future Climates on Freshwater Fishes of California (2012). 

Adding to the cumulative effects for native species is fragmented habitat in areas of the USR. Dams, 

highways, and some timber management practices can prevent the migration of species. This movement 

will likely be required for some species as climate change alters the temperature and hydrologic regime.  

Forest composition and structure may also be altered by climate change, in turn affecting the biodiversity 

of the USR’s plant species. According to the results of a climate change vulnerability assessment of 

California’s terrestrial vegetation, the region’s forests have a moderate to high vulnerability to the effects 

of climate change (see Figure 9.8 above). In particular, white fir (Abies concolor), big-leaf maple (Acer 

macrophyllum), Jeffrey pine (Pinus jeffreyi), whitebark pine (Pinus albicaulis), limber pine (Pinus 

flexilis), and madrone (Arbutus menziesii) are identified as being more vulnerable to the effects of climate 

change than other tree species occurring in the USR (Thorne et al. 2016). 

The region does not include any of the habitats described in the Endangered Species Coalition’s Top 10 

habitats vulnerable to climate change (2011). 

9.7.7 Recreation 

The USR has a rich history of recreation and related tourism, much of it based around enjoyment of 

water-related resources. The beauty of the area, mineral springs, and recreational opportunities have 

drawn visitors and new residents to the region since the late 19th century. The USR’s rivers, lakes, and 

streams continue to provide excellent opportunities for hiking, camping, fishing, and boating, while the 

mountain’s snow-covered slopes attract skiers and climbers from around the world. Further, the springs 

on and around Mount Shasta and the high-quality spring water that flows from them continue to draw 

tourists to the region. All three watersheds in the USR are popular destinations for anglers and are 

renowned for world-class, cold-water trout fishing. Any climate effects that diminish snowpack, reduce 

water quality, and/or increase the frequency of wildfire are likely to adversely impact recreation and its 

significant role in the region’s economy. 

9.7.8 Hydropower 

Pacific Power is the primary provider of electricity in the region and, as of 2011, generated about 8.4% of 

its electricity using hydropower. The company, however, does not own hydropower facilities in the USR. 

Box Canyon Dam, which is located on the Upper Sacramento River and owned by the Siskiyou Power 

Authority, generates a small amount of hydroelectricity (approx. 5 MW) that is sold to Pacific Power.  

Pacific Gas & Electric, which serves the Shasta County portion of the USR and much of the rest of the 

state, can generate up to 589 MW of hydroelectricity from several hydropower facilities that it owns 

within the McCloud and Pit river watersheds.  

While located outside the region, the Bureau of Reclamation’s powerhouse at Shasta Dam can generate 

714 MW of hydroelectricity, which the Department of Energy’s Western Area Power Administration 

distributes to power companies throughout the west.  

Combined, hydropower production facilities that use USR waters represent approximately 11 percent of 

California’s total hydropower capacity (California Energy Commission 2018b). Climate change could 

have a substantial impact on hydropower production in the region and at Shasta due to a reduced 
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snowpack, a changed hydrologic regime, and higher rates of evapotranspiration within USR watersheds 

(Bryan et al. 2012). 

While energy needs throughout California are expected to increase as the temperature warms due to 

increased use of cooling equipment, future energy needs in the USR are likely to remain similar to or 

slightly above what they are at present. 

9.7.9 Other Issues Potentially Exacerbated by Climate Change 

Surface water is not a large component of the region’s domestic water supply; however, the Pit River is 

on the Clean Water Act 303(d) list for nutrients, dissolved oxygen, and temperature, and several small 

communities and Rancherias rely on the river as a water source. Climate change could potentially 

exacerbate existing water quality issues on the Pit River due to increased temperatures and lower flows.  

In addition to the Pit River, West Squaw Creek and the portion of Shasta Lake Reservoir affected by 

inflow from the creek are listed for cadmium, copper, lead, and zinc. Furthermore, the entirety of Shasta 

Lake Reservoir, while outside the USR planning area, is listed for mercury.  

In 2012, the Central Valley Regional Water Quality Control Board renewed the discharge permit for the 

City of Mt. Shasta’s wastewater treatment plant. The permit included a compliance schedule for several 

contaminants because the City was unable to meet discharge limits associated with one or more of the 

designated beneficial uses in the Upper Sacramento River. These affected beneficial uses include: 

municipal and agricultural water supply, water-contact recreation, cold freshwater habitat, and wildlife 

habitat. The City of Mt. Shasta has been exploring options for upgrades to the wastewater treatment plant, 

all of them likely to cost several million dollars, to meet these standards. The potential for reduced flows 

on the Upper Sacramento River due to climate change could affect the assimilative capacity of the river, 

thereby challenging the City’s ability to meet water quality standards. 

During significant precipitation events, there is increased infiltration and inflow into wastewater 

collection systems, as well as suspended sediments that enter wastewater treatment plants. The challenge 

is not so much the constituents of this runoff, but the volume of runoff that must be treated. All three 

wastewater treatment plants in the region (Mt. Shasta, Dunsmuir, and McCloud) have limited capacities 

incapable of accommodating high volumes during significant rain or rain-on-snow events. Earlier 

snowmelt coupled with greater variability in precipitation events has the potential to compound this 

problem. 

9.8 Adaptive Strategies for Climate Resilience 

The following section identifies adaptive strategies that can be employed in the USR to enhance climate 

resilience. The information has been compiled from various sources, including: California Air Resources 

Board’s California’s 2017 Climate Change Scoping Plan, the Resource Management Strategies discussed 

in Chapter 8, U.S. Bureau of Reclamation, U.S. Forest Service, California Department of Forestry and 

Fire Protection (CAL FIRE), Western Shasta Resource Conservation District, Mount Shasta Bioregional 

Ecology Center, and others. It is worth noting many of the adaptation strategies potentially address more 

than one vulnerability; however, for the sake of clarity, the strategies are not identified more than once. 

It is anticipated that this section will be revisited and revised as new information becomes available, as 

new partnerships are developed, and as opportunities arise for realizing climate-related objectives.   
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Table 9.2: Climate Change Adaptation Strategies 

Vulnerability Category Objective Adaptation Strategies 

Water Supply/Demand 

Ensure adequate water supply for 

residential, commercial, industrial, 

environmental, and other uses 

Promote water conservation through the use of 

water meters, increased efficiencies, incentives, 

and public education/outreach 

Encourage and support projects that contribute 

to a better understanding of the USR’s volcanic 

hydrology and groundwater resources 

Foster the development of long-term water 

storage capacity for residential, commercial, 

industrial, environmental, and other uses 

Develop and support programs and projects that 

increase water sector energy efficiency and 

reduce GHG emissions through reduced water 

and energy use. 

Support management activities (hydropower, 

forestry, resource conservation, etc.) that aid in 

the preservation of summer base flows 

Encourage and support projects that include 

conjunctive management of surface and 

groundwater resources 

Water Quality 

Prevent sedimentation associated 

with post-wildfire storm events 

Implement forest fuels management projects 

that reduce the potential for high-intensity 

wildfire 

Protect and restore riparian areas to reduce 

erosion and to help slow runoff of stormwater 

Manage erosion on forest roads and in areas 

affected by wildfire 

Safeguard waterbodies from 

increased contaminant loads due to 

changing precipitation patterns and 

increasingly variable storm events 

Maintain and decommission logging roads  

Promote the use of green infrastructure, such as 

vegetated detention basins, to manage 

contaminated stormwater runoff 

Groundwater 

Resources 

Mitigate for loss of natural system 

storage capacity 

Develop and support regionally appropriate 

groundwater recharge enhancement projects 

(e.g., meadow restoration, beaver reintroduction, 

etc.) 

Identify and protect vulnerable spring recharge 

areas 

Work with cities and counties to address the 

unregulated export and/or extraction of 

groundwater 

Monitor seasonal flows to better understand the 

groundwater/surface water dynamic 

Flooding 
Reduce flood risks associated with 

climate change  

Evaluate the region’s flood control 

infrastructure for potential vulnerabilities and 

capacity limitations with climate projections in 

mind. Repair, replace, and upgrade as needed 

Identify local flood hazards and support 

integrated flood management projects that 

reduce these risks  

Participate in local Hazard Mitigation Planning 
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Table 9.2: Climate Change Adaptation Strategies 

Vulnerability Category Objective Adaptation Strategies 

Where feasible and appropriate, utilize “green 

infrastructure”1 in the conveyance and retention 

of stormwater and to facilitate groundwater 

recharge  

Identify historic floodplains and restore 

waterways, wetlands, and riparian zones as 

appropriate.   

Drought and Wildfire 

Develop greater resilience to 

multiyear droughts and more 

frequent wildfires 

See “Water Supply/Demand” above 

Monitor forest health and identify areas where 

insects and disease, invasive species, and tree 

mortality levels are high or increasing  

Facilitate and support fuel management 

activities that reduce wildfire hazards (e.g., 

forest thinning, prescribed fire, fuel breaks, 

defensible space, etc.) 

Ecosystems and Habitat 
Maintain healthy, functional 

ecosystems and habitats 

Preserve critical cold-water habitats through the 

protection and restoration of riparian areas 

Work with energy producers, utility providers, 

and regulators to ensure the flow of cold, 

oxygenated water is maintained for the region’s 

aquatic species  

Facilitate the movement of climate sensitive 

species by protecting and improving wildlife 

migration corridors 

Encourage and support timber management 

practices that promote water infiltration and soil 

health 

Enhance carbon sequestration and resilience 

through targeted management and restoration 

activities 

Prevent the establishment and spread of invasive 

species 

Provide for long-term forest stewardship on 

public and private timberlands that results in 

climate-resilient forest conditions 

Adjust management actions as needed for the 

protection of threatened and endangered species 

Recreation 

Mitigate impacts to the local 

economy as snow and cold water-

related recreation opportunities are 

diminished and wildfires become 

more prevalent 

Improve year-round recreational infrastructure 

and opportunities for tourism in the region 

Hydropower 

Continued/reliable production of 

hydropower consistent with USR 

priorities 

Evaluate system reoperation to improve the 

reliability of municipal and irrigation water 

supply; reduce flood hazards; restore and protect 

ecosystems; buffer the hydrologic variations 

expected from climate change; and improve 

                                                     
1  Green infrastructure uses vegetation, soils, and other elements and practices to restore some of the natural processes required to 

manage water and create healthier urban environments" (US EPA 2018). 
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Table 9.2: Climate Change Adaptation Strategies 

Vulnerability Category Objective Adaptation Strategies 

water quality. 

Support water storage enhancement projects that 

balance power generation with cultural, 

environmental, and other regional objectives. 

Increase the use of renewable energy to pump, 

convey, treat, and utilize water. 

Other Issues Potentially 

Exacerbated by Climate 

Change 

Continued operation of WWTPs in 

compliance with waste discharge 

permits 

Develop and support projects that improve 

operational efficiencies at WWTPs through 

reduction of infiltration and inflow 

Develop alternative discharge solutions, such as 

use of recycled wastewater 

Improve water quality in the Pit 

River and Squaw Creek 

watersheds 

Work with other IRWM regions to encourage 

land use practices to reduce runoff and improve 

water quality  

 

9.9 Prioritizing Climate Vulnerabilities for the Region 

The vulnerabilities identified above represent important issues and considerations for the USR as a whole. 

Priorities need to be established in order to apply limited resources most effectively.   However, because 

expertise, interest, and employment vary among stakeholders, individual and stakeholder priorities vary 

as well. As a result, the authors of this updated chapter did not consider qualitatively establishing 

priorities to be appropriate or feasible. Instead priorities were established based on the perceived urgency 

and degree of risk associated with each vulnerability, as well as the anticipated level of cost or effort 

required to address the vulnerability. Further, while it is conceivable that the priority status of a 

vulnerability could change under different scenarios (e.g., the award of grant funds would reduce the cost 

of wastewater treatment plant upgrades), such possibilities were not considered in the setting of priorities.  

Table 9.3 was created during development of the 2013 IRWM Plan to summarize the region’s climate 

change vulnerabilities and to rank the perceived urgency, risk, and anticipated cost/effort associated with 

each vulnerability. Further, based on the outcome of these rankings, Table 9.3 establishes climate change 

priorities for the region. Higher priorities are assigned to those vulnerabilities that have a higher perceived 

urgency and risk and a lower anticipated cost/effort to address. It is important to make the distinction that 

these priorities are relative to responding to climate change and not IRWM project prioritization. 

Table 9.3: Prioritizing USR Vulnerabilities by Urgency, Risk, and Cost/Effort 

Priority Vulnerability Risk Urgency 
Cost or 

Effort 

1 Loss of forest ecosystem function H H L 

2 

More frequent and larger wildfires H H M 

Sedimentation from wildfires H H M 

Elevated stream temperatures H H M 

Loss of natural system storage capacity H H M 

Lack of information on the region’s volcanic hydrology and 

groundwater resources 
H H M 

Loss of climate sensitive species H H M 

Springs/groundwater recharge H H M 

3 

 

Municipal water use H H H 

Competing uses for groundwater H H H 
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Table 9.3: Prioritizing USR Vulnerabilities by Urgency, Risk, and Cost/Effort 

Priority Vulnerability Risk Urgency 
Cost or 

Effort 

Compliance with waste discharge permits H H H 

4 
Fragmented aquatic habitat M H H 

Decreased reliability of flows M H H 

5 

Reservoir storage capacity M M H 

Transportation infrastructure M M H 

Aging flood control infrastructure M M H 

6 Stormwater management M L H 

7 
Loss of tourism associated with general recreation L H M 

Loss of tourism associated with water-related recreation  L H M 

8 
Increased water demand/decreased supply for landscape 

irrigation 
L M M 

9 Increased energy demand L L H 

Note: The prioritization is based on each vulnerability’s urgency (High to Low), then risk (High to Low), and 

then cost or effort to address (Low to High)  

9.10 Determination of RWAG’s Ability to Address Priority Vulnerabilities 

In the 2013 IRWM Plan, high-priority vulnerabilities for the region were identified as: loss of forest 

ecosystem function, more frequent and larger wildfires, sedimentation from wildfires, elevated stream 

temperatures, loss of natural system storage capacity (i.e., loss of snowpack, wetlands, etc.), lack of 

information on the region’s volcanic hydrology and groundwater resources, loss of climate-sensitive 

species, and springs/groundwater recharge. 

Following adoption of the 2013 IRWM Plan, the USR began addressing these high priority vulnerabilities 

through project implementation, including the Groundwater Elevation Monitoring Project and the 

Dogwood Butte Conservation Easement. The Groundwater Elevation Monitoring Project collected data 

from 23 wells distributed throughout the region in order to develop a baseline of groundwater information 

from which future land use decisions could be made. The Dogwood Butte Conservation Easement 

protected 12,800 acres, including 74 mapped springs, and established a privately-owned land bridge 

between public lands to facilitate species migration.  

In the short term, it is anticipated that IRWM grant funding, including the 2017-2020 Disadvantaged 

Community Involvement (DAC-I) grant, will potentially enable the region to further address these higher 

priority vulnerabilities. The DWR-funded DAC-I grant will help address priority vulnerabilities in several 

ways, including identification and incorporation of new projects that address vulnerabilities in the USR. 

In addition, DACs and Tribes will be trained and empowered to develop better projects, assess technical 

design, and evaluate funding mechanisms.  

Even with the efforts of dedicated stakeholders, a fundamental consideration in the region’s approach to 

climate change vulnerabilities is the scale of many of the issues relative to the capacity or influence of the 

IRWM process and the present members of the RWAG to address them.  The primary land managers in 

the USR are the Shasta-Trinity National Forest and several industrial timber companies. While the U.S. 

Forest Service continues to conduct research on potential climate change impacts and is attempting to 

incorporate climate resilience in its management of national forests, and at least one timber company, 

Sierra-Pacific Industries, has entered into carbon contracts with the California Air Resources Board, these 

land managers are not routinely involved in the region’s IRWM process. 
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9.11 Greenhouse Gas Emissions and USR Project Development and Selection 

In addition to addressing climate change vulnerability, the 2016 IRWM Guidelines require that the project 

review process “determine a project’s ability to help the IRWM region reduce GHG emissions as new 

projects are implemented over a 20-year planning horizon and consider energy efficiency and reduction of 

GHG emissions when choosing between project alternatives.” As part of the USR’s project evaluation 

process (see Chapter 10, Project Review Process and Implementation), project sponsors describe how 

their projects contribute toward reduced GHG emissions and climate change adaption. Further, assessing 

each project’s emissions is an important component of project sponsors’ preparations and presentation of 

their submitted projects for RWAG consideration. During the process of project development, sponsors 

are also encouraged to consider project alternatives that result in lower emissions projections, such as 

through the inclusion of solar power or identification of a local labor force to decrease transportation 

emissions (this latter strategy has the added benefit of keeping resources local and aiding the local 

economy).  

In addition, as stated in Chapter 10, Project Review Process and Implementation, RWAG has identified 

the need for a technical advisory committee (TAC) to assist in project development and review. Once 

established, the TAC will be tasked with evaluating GHG emissions and climate change adaptation during 

the project development and review process. Further, the TAC will assess best practices for all project 

types and will work with project sponsors to identify the most suitable strategies to accommodate current 

needs, adaptive capacity for projected climate impacts, and emissions mitigation to the extent feasible. 

9.12 Future Data Gathering for Climate Change Vulnerabilities 

Proposition 84 guidelines require that IRWM plans “contain a plan, program, or methodology for further 

data gathering and analysis of the prioritized vulnerabilities.” This requirement is addressed in Chapter 

12, Plan Performance and Monitoring, and Chapter 13, Data Management.  
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