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Appendix F. USR Climate Change Vulnerability Assessment  

The assessment of climate-related vulnerabilities in the Upper Sacramento, McCloud, and Lower 

Pit IRWM Region included in this section follows those questions posed in Appendix B of the 

Climate Change Handbook for Regional Water Planning (USEPA and DWR 2011). However, 

because the USR is far from the coast in a mountainous area of the state, issues associated with 

sea level rise, such as loss of coastal habitats, are not addressed in the questions below. 

A. Water Demand 

1) Are there major industries that require cooling/process water in the planning region?  

There are several bottling plants in the region. These facilities rely on spring water and 

groundwater for their operations. Apart from the bottling plants, there are no other industries in 

the region that currently demand significant quantities of water. 

2) Does water use vary by more than 50% seasonally in parts of the region? 

Yes. Summer use of water is several times the amount of winter use in the communities of Mount 

Shasta, Dunsmuir, and McCloud. The primary use of water during these periods is maintenance of 

residential landscaping. Particularly in McCloud, where there are no water meters, average 

household monthly water demand in the summer far exceeds statewide averages. 

3) Are crops grown in the region climate sensitive? Would shifts in daily heat patterns, such as 

how long heat lingers before nighttime cooling, be prohibitive for some crops? 

Other than the lumber industry, there is no large-scale agriculture in the region. As such, decreased 

nighttime cooling relative to the production of climate sensitive agricultural crops has not been 

identified as a potential vulnerability for the region.  

4) Do groundwater supplies in the region lack resiliency after drought events? 

Due to the volcanic geology of the region, groundwater resources are extremely complex and 

poorly understood. Recent studies by California Trout (2010) reflect some of this complexity, 

indicating that groundwater that emerges as springs around the region originates at varying 

elevations and resides underground for long periods of time, in some cases more than 50 years. 

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

periods of extended drought is not currently known. Given the vast water resources found in this 

region, this is an area in need of additional study. 

5) Are water use curtailment measures effective in the region? 

Maybe. Given the relatively abundant water supply in the region, there have been few water use 

curtailment efforts. Water usage throughout the USR is far above state averages, particularly in 

summer months, so there is likely some cost effective “low- hanging fruit” to reduce water use in 

the region. Furthermore, average daily water usage in those cities and community service areas 

with metered connections   is significantly less than in non-metered communities, suggesting that 

curtailment measures could be effective if implemented. 
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6) Are some instream flow requirements in the region either currently insufficient to support 

aquatic life, or occasionally unmet? 

No. With abundant perennial water supplies in all three watersheds and relatively little 

consumptive use of water from streams in the region, there is little problem with meeting instream 

flow requirements to support aquatic life. There is need to maintain adequate outflows from dams 

in the region, as regulated by licensing programs (e.g., Federal Energy Regulatory Commission). 

B. Water Supply 

1) Does a portion of the water supply in the region come from snowmelt? 

Yes. Most communities in the region rely on spring water sources that are recharged primarily by 

snow that falls on the slopes of Mount Shasta. A recent study of springs on and around Mount 

Shasta found that both the recharge elevation of these springs and the residence time of the 

corresponding groundwater vary widely among the springs, indicating that some springs may be 

more vulnerable to impacts from climate change than others (California Trout 2010). A few small 

communities in the region rely on surface water diverted from streams that are fed by a 

combination of snowmelt and perennial springs. The region is largely forested, which presents an 

excellent opportunity for strategic management to preserve snowmelt and rainfall and to enhance 

natural storage capacity. 

2) Does part of your region rely on water diverted from the Delta, imported from the Colorado 

River, or imported from other climate-sensitive systems outside your region? 

Being a headwaters/source water area with substantial water resources, the USR is an exporter of 

water and does not rely upon water diverted from the Delta, imported from the Colorado River, or 

imported from any other climate-sensitive systems. 

3) Does part of your region rely on coastal aquifers? Has salt intrusion been a problem in the 

past? 

The USR is a mountainous region far from the coast. As such, it does include coastal aquifers, 

does not rely upon water from coastal aquifers, and is unlikely to experience salt water intrusion 

into the region’s freshwater aquifers. 

4) Would the region have difficulty in storing carryover supply surpluses from year to year? 

Yes. There is almost no long-term storage capacity within the region associated with water supply 
above Shasta Lake Reservoir; however, there is limited storage capacity associated with flood 

control and power supply infrastructure in the Upper Sacramento (Lake Siskiyou), McCloud 

(McCloud Reservoir), and Lower Pit (Iron Canyon and Pit 4, 5, and 6 Reservoirs) watersheds. The 

significant water storage in the region is in the groundwater systems, which are not well 

understood. 

5) Has the region faced a drought in the past during which it failed to meet local water demands? 

Recent significant drought periods in California have had some impacts in Siskiyou and Shasta 

County; however, because community water systems in the region are dependent on perennial 
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spring sources, these communities are somewhat buffered from the impacts of drought. That said, 

in some dry years, the City of Mt. Shasta has restricted water use by means of an odd/even day 

irrigating restriction, but never for domestic use. This has not been implemented since the mid-

1980s. Since that time, the City of Mt. Shasta has added an additional well to the water supply 

system and has better monitoring of storage tank levels. 

6) Does the region have invasive species management issues at its facilities, along conveyance 

structures, or in habitat areas? 

There are no invasive species issues that are currently impacting water infrastructure in the region. 

New Zealand mud snail has recently been found in Shasta Lake Reservoir and could easily be 

transported into USR rivers, streams, and reservoirs on boats or boots. While the mud snail may 

not have significant impact on water infrastructure as compared to other parts of California, its 

presence could have significant impacts on native aquatic populations and could affect regulatory 

activities throughout the region. 

There are several invasive plants that are abundant along watercourses in the region including 

Scotch broom (Cytisus scoparius), French broom (Genista monspessulana), and Dyer’s woad 

(Isatis tinctoria). With climate change altering the historic temperature and moisture regimes, 

these species are likely to grow more quickly, consume available water resources, exacerbate the 

fire risk, and outcompete native riparian species that are a food source for wildlife. Invasive species 

can represent a serious threat to the health of natural environments and habitats and agricultural 

and ranching operations and can alter entire ecosystems by outcompeting natives. It is likely that 

climate change will only encourage this progression, so human intervention will be necessary to 

control the risk to resources and of catastrophic fire (Bryan, et al. 2012). 

C. Water Quality 

1) Are increased wildfires a threat in the region? If so, does your region include reservoirs with 

fire-susceptible vegetation nearby which could pose a water quality concern from increased 

erosion? 

Yes. Wildfire is a pervasive threat to 

communities and water resources 

throughout the region. While local 
communities do not rely heavily on 

surface water resources in the USR, 

the watersheds are critical source 

water areas for the Central Valley 

Project, which provides water for 

municipal and agricultural uses 

throughout California. In 2012, the 

Bagley Fire burned nearly 50,000 

acres of rugged, difficult to access 

timberland in the McCloud and 

Squaw Creek watersheds. Extreme 

fire behavior in the summer followed 

by significant rainfall events that 

Figure F.1: Annual area burned by wildfires in California between 

1950 and 2010. Source: OEHHA 2013 update to Indicators of 

Climate Change in California. 
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November and December resulted in significant erosion in these watersheds and substantial inputs 

of sediment and larger debris to Shasta Lake Reservoir.  

All the major reservoirs in the region are surrounded by mature, often overstocked timber stands 

that are susceptible to natural or anthropogenic fire ignition. Potential impacts from wildfires on 

water quality are prevalent throughout the USR; areas of particular concern include the Upper 

Sacramento River canyon and Rainbow Ridge above Lake Siskiyou due to the increased risk of 

ignition in the wildland-urban interface and along roads and railroads. 

The California Office of Environmental Health Hazard Assessment (OEHHA) recently updated 

their 2009 report: Indicators of Climate Change in California. In this report, OEHHA states that 

“[t]he area burned by wildfires each year is highly variable, ranging from 31,000 acres in 1963 to 

1.4 million acres in 2008, making it difficult to determine long-term trends. However, the 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).” 

2) Does part of the region rely on surface water bodies with current or recurrent water quality 

issues, such as low dissolved oxygen or algal blooms? Are there water quality constituents 

potentially exacerbated by climate change? 

There are no streams subject to algal blooms in the USR, however, the Pit River is on the 303(d) 

list for nutrients, dissolved oxygen, and temperature. While surface water is not a large component 

of local water supplies, there are several small communities and Rancherias along the Pit River 

that rely on Pit River as a source of water. While flows in the Lower Pit River are heavily managed 

due to the series of dams and diversions for hydroelectric production on the river, increased 

temperatures and lower flows that could result from climate change have the potential to 

exacerbate the water quality issues already present in the Pit River. 

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

by the creek inflow are listed for cadmium, copper, lead, and zinc. While outside the USR planning 

area, the entirety of Shasta Lake Reservoir is listed for mercury. 

As the region is largely forested, greater understanding of the role the forests play in preserving 

and improving water quality is an important consideration. Specific forest management strategies 

could aid in preserving summer base flow, supplying water of adequate temperature and quantity 

for endangered species, and attenuating extreme precipitation events. 

3) Are seasonal low flows decreasing for some water bodies in the region? Are the reduced flows 

limiting the water bodies’ assimilative capacity? 

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

mentioned elsewhere, base flows remain relatively high on many streams in the region due to 

abundant perennial spring sources, which provide somewhat of a buffer as far as water supply and 

stream temperature throughout the region. That said, the current trends in flows are not well 

studied, and the potential long-term impacts and shifts in hydrology as a result of climate change 

are not well understood. The impacts to assimilative capacity of local water bodies is of particular 

concern in the Upper Sacramento River where both Mt. Shasta and Dunsmuir currently have 
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permits to discharge treated effluent to the river from their wastewater treatment plants (WWTP). 

Seasonal low flows below Box Canyon Dam, where the City of Mt. Shasta’s WWTP discharges, 

are already necessitating facility upgrades. Decreasing future flows could exacerbate this problem 

for the City of Mt. Shasta. 

The flow requirements on regional reservoirs for their downstream rivers 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. 

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 (longer periods of drought, with precipitation occurring less often, 

but with greater intensity), the flow mandate for Box Canyon Dam will become increasingly 

difficult with which to comply. 

Future consumptive use of spring and groundwater by bottled water and beverage plants could 

reduce local river and stream flows due to the dependence of these waterways on springs and 

groundwater for the majority of their flow. 

4) Are there beneficial uses designated for some water bodies in the region that cannot always 

be met due to water quality issues? 

Yes. In 2012, the City of Mt. Shasta renewed its discharge permit for its WWTP. The permit 

included a compliance schedule for several contaminants because it is not currently able to meet 

discharge limits associated with one or more of the designated beneficial uses in the Upper 

Sacramento River, which include municipal and agricultural water supply, water-contact 

recreation, cold freshwater habitat, and wildlife habitat. The City of Mt. Shasta is currently 

exploring options for upgrades to its plant, all of them likely costing several million dollars, to 

meet these standards. 

5) Does part of the region currently observe water quality shifts during rain events that impact 

treatment facility operations? 

Yes. During significant precipitation events there is increased inflow and infiltration into 

wastewater collection pipes, as well as sedimentation, some of which makes its way into municipal 

treatment systems. The challenge, however, is not so much the constituents of this runoff, but the 

volume of the runoff that must be treated. All three WWTPs in the region (Mount Shasta, 

Dunsmuir, and McCloud) have limited capacities and are unable to handle high volumes during 

significant rain or rain-on-snow events. 

D. Flooding 

1) Does critical infrastructure in the region lie within the 200-year floodplain? 
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200-year floodplain mapping is not available for the USR. Instead, 100-year data were used in the 

assessment of flood-related vulnerabilities. Because of the generally high relief terrain, virtually 

no broad floodplains are present in the region. According to the Siskiyou County – Draft Hazard 

Mitigation Plan (2011), the majority of flood related hazards have to do with transportation. 

Roads are typically closed due to varying degrees of erosion-related washout; sections of Interstate 

5 and Highway 89 pass through the 100-year floodplain and thus are exposed to flooding. 

2) Does part of your region lie within the Sacramento-San Joaquin Drainage District? 

The USR is located outside of and more than 70 miles north of the Sacramento-San Joaquin 

Drainage District. 

3) Does aging critical flood protection infrastructure exist in your region? 

There is little flood protection infrastructure in the region. There are some older levees, but their 

exact extent is undetermined. Many of these older levees were 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 intended purposes (e.g., Box Canyon Dam 

on the Upper Sacramento River), though this is not their primary purpose. 

4) Have flood control facilities (such as impoundment structures) been insufficient in the past? 

Although there continues to be periodic downstream flooding along portions of the Upper 

Sacramento River since Box Canyon Dam was constructed in 1970, there have been no failures of 

flood control facilities (dams or levees) in the USR.  

5) Are wildfires a concern in parts of the region? 

Wildfires and potential flooding due to vegetation loss is a serious concern. See discussion 

regarding wildfires under Question 1 in Section C, Water Quality above. 

E. Ecosystem and Habitat Vulnerability 

1) Does the region include inland or coastal aquatic habitats vulnerable to erosion and 

sedimentation issues? 

Because of the region’s complex topography and numerous waterways, erosion of inland coastal 

habitats is an ongoing occurrence. Further, the most significant threat to aquatic habitats is erosion 

and sedimentation of the region’s waterbodies following large wildfires, which is likely to be 

exacerbated by climate change.  

2) Does your region include estuarine habitats which rely on seasonal freshwater flow patterns? 

Being located in a mountainous area far from the coast, no estuarine habitats are present in the 

region. As such, the region has no associated vulnerabilities that could be affected by climate 

change. 

3) Do climate-sensitive fauna or flora populations live in the region? 
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All plant and animal species are sensitive to shifts in climate in some way, although some species 

have broader tolerances than others. Generally wide-ranging or broadly distributed species like 

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, some populations of McCloud River 

redband trout only occur in a few small upper watershed streams and may be vulnerable to more 

frequent or extended periods of drought. 

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

the region. 

4) Do endangered or threatened species exist in the region? Are changes in species distribution 

already being observed in parts of your region? 

The only federally-listed species in the region is the northern spotted owl, which is listed as 

threatened. The Pacific fisher is currently a candidate species for listing under the Endangered 

Species Act. In addition, as discussed elsewhere in this document (Chapter 3, Region Description), 

the feasibility of restoring endangered winter-run Chinook salmon to portions of the McCloud or 

Upper Sacramento watersheds is being explored. 

While not threatened or endangered, the McCloud River redband trout inhabit some intermittent 

and/or isolated stream segments in the McCloud watershed, and these segments are largely spring-

dependent (see Chapter 3, Region Description). Though the springs provide some buffer against 

low flows, extended periods of drought could diminish flows, and strand or eliminate certain 

populations. While redband trout would remain in other, more connected portions of regional 

waterways, this would be a loss to regional biodiversity. 

5) Does the region rely on aquatic or water-dependent habitats for recreation or other economic 

activities? 

Yes. The area has a rich history of recreation and related tourism, much of it based around 

enjoyment of water resources. The beauty of the area, mineral springs, and other recreational 

opportunities have been a draw to the area since the late 19th century. The rivers, lakes, and streams 

provide opportunities for hiking, camping, fishing, and boating. All three watersheds are popular 

destinations for anglers; both the McCloud and Upper Sacramento rivers are renowned for world-

class coldwater trout fishing. The area around Mount Shasta is also a destination for tourism, an 

important component of which is the high-quality spring waters that flow from the mountain. 

6) Are there rivers in your region with quantified environmental flow requirements or known 

water quality/quantity stressors to aquatic life? 

Environmental flow requirements have been adopted for the Upper Sacramento, McCloud, and Pit 

rivers as part of CDFW’s approval of Siskiyou County Power Authority’s Box Canyon Dam and 

FERC licensing of PGE’s Pit 3, 4 & 5 Project and its McCloud-Pit Hydroelectric Project. While 

minimum flow requirements have largely been effective at safeguarding aquatic life within these 

waterways, the McCloud-Pit Hydroelectric Project is presently undergoing FERC relicensing and 

includes a proposed increase in minimum flows to further protect aquatic life in a one-mile stretch 

of river between McCloud Dam and Hawkins Creek. During certain times of the year, this reach 
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is subject to rapid dewatering, which can adversely impact the reproductive success of trout above 

Hawkins Creek. 

7) Do estuaries, coastal dunes, wetlands, marshes, or exposed beaches exist in your region? If 

so, are coastal storms possible/frequent in your region? 

Wetlands are present in the USR, however, because the region is far from the coast, there are no 

sensitive habitats likely to be impacted by coastal storms. 

8) Does the region include one or more of the habitats described in the Endangered Species 

Coalition’s Top 10 habitats vulnerable to climate change? 

No, the region does not contain any of the habitats described in the Endangered Species Coalition’s 

Top 10 habitats vulnerable to climate change. 

9) Are there areas of fragmented estuarine, aquatic, or wetland wildlife habitat within the region? 

Are there movement corridors for species to naturally migrate? Are there infrastructure 

projects planned that might preclude species movement? 

Dams fragment aquatic habitat and prevent movement of fish and other aquatic species in all three 

watersheds in the region to varying degrees. Because of the rural nature of the region, terrestrial 

and wetland habitats are fairly intact, allowing for relatively unobstructed movement of most 

wildlife in a north-south pattern, allowing for access to a variety of elevations. Interstate 5 and the 

railroad may be obstacles to the movement of some wildlife between the Eddys and Mount Shasta 

(east-west movement). In recent years there has some been some development of wind power at 

the eastern edge of the region near around Hatchet Mountain. Impacts on avian and other species 

from these projects are not well understood. 

F. Hydropower 

1) Is hydropower a source of electricity in the region? 

Pacific Power is the primary provider of electricity in the region. As of 2011, about 8.4% of their 

electricity was generated by hydropower. None of Pacific Power’s hydroelectric facilities are 

located within the region; however, Pacific Gas & Electric generates substantial amounts of 

hydropower from its facilities in the McCloud and Pit River watersheds. Box Canyon Dam, located 

on the Upper Sacramento River and owned by the Siskiyou Power Authority, generates a small 

amount of hydropower. This power operation is not large enough to come under FERC regulations, 
though it does have flow requirements. Please see Section C, Water Quality: Question 3 (regarding 

flows) for more information regarding this power operation. The Redding Electric Utility, while 

outside the region, gets approximately 30% of its power from the power operations of the Central 

Valley Project, of which the power operations at Shasta Dam are a part. Climate change could 

substantially alter the power production of the Shasta Dam hydropower facilities due to higher 

temperatures reducing snowpack, a changed hydrologic regime, and higher rates of evaporation 

and transpiration in the feeder watersheds (i.e., the USR) (Bryan, et al. 2012). 

2) Are energy needs in your region expected to increase in the future? If so, are there future plans 

for hydropower generation facilities or conditions for hydropower generation in your region? 
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While energy use throughout California has decreased as population has increased — due to 

efficiencies and public information campaigns — statewide energy needs are expected to increase 

as the temperature warms due to increased use and dependence on cooling technologies. There is 

likely little opportunity for development of additional major hydropower facilities in the region, 

however, the abundant spring water sources and high topographical relief do present opportunities 

to develop in-line hydropower associated with existing water delivery infrastructure. This 

opportunity is being explored by the McCloud Community Services District to meet local demand, 

as identified in Chapter 10, Project Development. The feasibility studies in McCloud could be 

applied to other communities in the region. 

 


