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Rivers, Streams, and Floodplains 

Northern California Climate Change Vulnerability Assessment Synthesis 

An Important Note About this Document: This document represents an initial evaluation of vulnerability 
for rivers, streams, and floodplains in northern California based on expert input and existing information. 
Specifically, the information presented below comprises vulnerability factors selected and scored by 
regional experts, relevant references from the scientific literature, and peer-review comments and 
revisions (see end of document for a glossary of terms and brief overview of study methods). The aim of 
this document is to expand understanding of habitat vulnerability to changing climate conditions, and to 
provide a foundation for developing appropriate adaptation responses.  

Peer reviewers for this document included Gabrielle Bohlman (U.S. Forest Service), Sam Flanagan 
(Bureau of Land Management), Bobbie Miller (U.S. Forest Service), Toz Soto (Karuk Tribe Department of 
Natural Resources), and Julie Weeder (National Oceanic and Atmospheric Association, Fisheries Division). 
Vulnerability scores were provided by Eureka and Redding workshop participants. Upper Lake workshop 
participants provided additional comments on the climate change vulnerability of this habitat
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Habitat Description 
Rivers and streams in northern California are diverse habitats that occur in coastal and inland 
areas and receive precipitation input from both snowmelt and rainwater, with rain-dominated 
basins primarily occurring in coastal areas (Power et al. 2016). Main river systems within the 
region include the Eel River in the northern Coast Range; the Smith, Klamath, and Trinity Rivers 
in the Klamath Mountains; the Pit River in the southern Cascades; and the Sacramento River, 
which drains the northern Central Valley (Schoenherr 2017). Northern California rivers and 
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streams are typically characterized by high winter and low summer flows and biota adapted to 
high inter-annual flow variability and frequent disturbances (Power et al. 2016).  
 
Floodplains are low-lying areas adjacent to rivers and streams that experience periodic flooding 
(Bendix & Hupp 2000), and extensive areas of floodplain occur within the Sacramento Valley 
and along coastal rivers, including the Klamath and Eel Rivers (Vuln. Assessment Reviewer, pers. 
comm., 2017). Floodplains and riparian areas associated with rivers and streams are often 
forested with hardwood trees and shrubs, including bigleaf maple (Acer macrophyllum), white 
alder (Alnus rhombifolia), red alder (Alnus rubra), Oregon ash (Fraxinus latifolia), tanoak 
(Notholithocarpus densiflorus), Fremont’s cottonwood (Populus fremontii), valley oak (Quercus 
lobata), western azalea (Rhododendron occidentale), and willows (Salix spp.), as well as conifer 
associates such as Port-Orford-cedar (Chamaecyparis lawsoniana) and Douglas-fir (Pseudotsuga 
menziesii; Skinner 2003; Welsh et al. 2005; Skinner et al. 2006; Power et al. 2016; Stubblefield 
et al. 2017; CNPS 2019). The structure and function of floodplain and riparian areas is 
particularly important due to the role these habitats play as transitional systems connecting 
upland and aquatic ecosystems (Capon et al. 2013). For instance, riparian areas influence the 
exchange of nutrients and organic matter (National Research Council 2004). 
 
River, streams, and floodplains are valued for providing water, recreation opportunities, 
fisheries, and scenery (Vuln. Assessment Workshop, pers. comm., 2017). These systems are also 
of critical importance to northern California tribes, who depend on aquatic ecosystems for the 
provision of aquatic and riparian plants, fish, and wildlife species utilized for subsistence and 
cultural purposes (Lake 2007; Norgaard et al. 2016; Long et al. 2018; Karuk Tribe 2019). 
Anadromous fish (e.g., salmon and trout [Oncorhynchus spp.], green sturgeon [Acipenser 
medirostris], Pacific lamprey [Lampetra tridentata]), in particular, are cultural keystone species 
(Close et al. 2002; Benson et al. 2007; Norgaard et al. 2016; Long et al. 2018; Karuk Tribe 2019), 
and the timing of spawning migrations are correlated with important ceremonial and spiritual 
practices (Driver 1939; Karuk DNR 2009; Norgaard et al. 2016). Other culturally-important 
species within riverine and associated riparian systems include freshwater mussels, North 
American river otter (Lontra canadensis), North American beaver (Castor canadensis), American 
mink (Neovison vison), Pacific giant salamanders (Dicamptodontidae family), aquatic garter 
snake (Thamnophis atratus), cedar waxwing (Bombycilla cedrorum), yellow-breasted chat 
(Icteria virens), bigleaf maple, mock orange (Philadelphus lewisii), evergreen huckleberry 
(Vaccinium ovatum), horsetail (Equisetum spp.), willow, and multiple fern species (e.g., 
Woodwardia spp., California maidenhair [Adiantum jordanii]; Norgaard et al. 2016). Tribal well-
being is strongly dependent on the condition of rivers and streams in the region (Norgaard 
2005; Norgaard et al. 2018; Karuk Tribe 2019), and tribal management practices focus on both 
the production of culturally-significant resources and maintaining the integrity of connected 
aquatic and terrestrial ecosystems across the landscape (Norgaard et al. 2016; Long et al. 2018; 
Karuk Tribe 2019). 

 



 

Climate change vulnerability assessment for the Northern California Climate Adaptation Project. 
Copyright EcoAdapt 2019 

3 

Executive Summary 

 The relative vulnerability of rivers, 
streams, and floodplains in northern 
California was evaluated as moderate-
high by regional experts due to 
moderate-high sensitivity to climate 
and non-climate stressors, moderate-
high exposure to projected future 
climate changes, and moderate 
adaptive capacity. 
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Climate and climate-driven factors:  

• Air and water temperature, precipitation amount and timing, snowpack amount, timing of 
snowmelt and runoff, streamflow, climatic water deficit, soil moisture, heat waves, drought 

Disturbance regimes:  

• Flooding, wildfire 
Non-climate stressors:  

• Roads/highways/trails, dams and water diversions, fire suppression, agriculture, timber 
harvest, livestock grazing 

 

Rivers, streams, and floodplains are sensitive to climate stressors that alter hydrology (e.g., flow 
volume and variability) and water quality; these can include warmer air and water 
temperatures, changes in precipitation amount and timing, reduced snowpack amount, earlier 
timing of snowmelt and runoff, altered streamflows, more heat waves, and increased drought. 
Many of these climate stressors also impact riparian areas; additionally, reduced soil moisture 
and increased climatic water deficit may lead to changes in the structure, composition, and 
distribution of riparian vegetation. Although rivers, streams, floodplains, and associated 
riparian areas are naturally dynamic, more frequent and/or more severe disturbance events 
may have greater impacts on habitat structure and ecosystem processes such as erosion and 
sediment transport, resulting in repercussions to flora and fauna within these habitats. For 
instance, wildfire can be beneficial to rivers and riparian areas, but altered fire regimes (e.g., 
increased extent and/or frequency of high-severity fire) may degrade habitat quality, 
contributing to greater loss of riparian and aquatic species and preventing population recovery. 
Finally, non-climate stressors (e.g., roads/highways/trails, dams and water diversions, fire 
suppression, agriculture, timber harvest, and livestock grazing) have already dramatically 
altered many habitat areas, and the resulting changes in habitat structure, hydrology, water 
quality, and riparian vegetation may further exacerbate the impacts of climate change. 
 

Rivers, Streams, 

and Floodplains Rank Confidence 

Sensitivity Moderate-High High 

Future Exposure Moderate-High Moderate 

Adaptive Capacity Moderate High 

Vulnerability Moderate-High High 
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Factors that enhance adaptive capacity:  

+ Extensive river system within the region, with many continuous reaches  

+ High species diversity, including many endemic species 

+ Naturally resilient where they have not been degraded by human activity 
Factors that undermine adaptive capacity:  

− Most floodplains lack connectivity with rivers 

− Degraded systems may be less able to recover from stressors/disturbances 

 
Although rivers and streams in northern California are extensive and include many continuous 
reaches, several large dams and numerous levees and water diversions have degraded many 
habitat areas and disconnected most floodplain areas, rendering them largely non-functioning. 
Where natural hydrology and dynamic ecosystem processes have been lost or degraded, rivers 
and associated riparian areas may be unable to recover from climate stressors and disturbance 
events. However, the adaptive capacity of these systems is supported by high structural, 
functional, and species diversity. Riverine habitats hold high cultural value and provide many 
ecosystem services (e.g., water supply, recreational opportunities). Management activities such 
as prescribed burning, restoration of natural hydrology, and floodplain reconnection may be 
able to restore the structural and functional integrity of rivers, streams, and floodplains, 
allowing these naturally dynamic systems to better adapt to the impacts of climate change. 

 

Sensitivity and Exposure 

Rivers, streams, and floodplains were evaluated by regional experts as having moderate-high 
overall sensitivity (high confidence in evaluation) and moderate-high overall future exposure 
(moderate confidence) to climate and climate-driven factors, changes in disturbance regimes, 
and non-climate stressors. 
 
Areas of refugia may buffer aquatic species from some environmental stress and/or may allow 
population recovery following episodic disturbances; these may include microhabitats within 
the channel, areas with upwelling of cold 
water, and areas shaded by riparian 
vegetation (Sedell et al. 1990; Ebersole et al. 
2001; Fullerton et al. 2018). Floodplains can 
also act as refugia from disturbances, 
providing access to additional habitat with 
low-velocity flows for foraging and spawning 
(Moyle et al. 2007). However, as water levels 
continue to decline and habitat is further 
degraded or lost due to climate change and 
anthropogenic stress, existing refugia are 
also likely to be disappear (Vuln. Assessment 
Reviewer, pers. comm., 2018).  
 

Potential Changes in Habitat Distribution 

• Probable loss in habitat quality and extent due 
to warmer temperatures and lower water 
levels 

• General shift in the ranges of cool- and 
coldwater fish northwards and/or towards 
higher elevations 

• Possible refugia include microhabitats within 
the stream channel (e.g., areas shaded by 
riparian vegetation, areas with upwelling of 
cold water), and floodplains 

Source(s): Sedell et al. 1990; Moyle et al. 2007  
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Sensitivity and future exposure to climate and climate-driven factors 

Regional experts evaluated rivers, streams, and floodplains as having high sensitivity to climate 
and climate-driven factors (high confidence in evaluation), with an overall moderate-high future 
exposure to these factors within the study region (moderate confidence). Key climatic factors 
that affect rivers, streams, and floodplains include air and water temperatures, precipitation 
amount and timing, snowpack amount, timing of snowmelt and runoff, streamflow regimes, 
climatic water deficit, soil moisture, heat waves, and drought.1 Of these, factors that may 
benefit the habitat include increased winter/spring rainfall, which may counter declines in 
streamflow due to reduced snowpack (Vuln. Assessment Workshop, pers. comm., 2017). 
 
Air and water temperatures 
Air temperature directly affects water temperature, although factors such as elevation, stream 
discharge, and drainage area can alter the sensitivity of rivers and streams to changes in air 
temperature (Woltemade & Hawkins 2016; Isaak et al. 2017). Air temperature sensitivity within 
northwestern California is relatively low compared to other regions, with stream temperatures 
projected to increase by 0.14°C (0.24°F) per 1°C (1.8°F) increase in air temperature (compared 
to ~0.5°C [0.9°F] stream temperature increase per 1°C [1.8°F] air temperature increase across 
most of the western U.S.; Isaak et al. 2017). This suggests that northern California rivers and 
streams may be less exposed to climate change impacts (Asarian 2017; Isaak et al. 2017), 
especially in high-elevation reaches that typically warm more slowly than low-elevation areas 
(Isaak et al. 2016, 2017). Increasing air temperatures have also been implicated in shifts from 
snowfall to rainfall and reduced snowpack accumulation (Hamlet et al. 2005; Mote 2006), 
which results in earlier snowmelt and corresponding changes in the timing of peak flows in 
snowmelt-dominated basins (Stewart et al. 2005). 
 
Changes in thermal regimes of rivers and streams directly influence the biological, physical, and 
chemical properties of these habitats, including dissolved oxygen levels, nutrient cycling, 
productivity, and chemical reactions (Vannote & Sweeney 1980; Poole & Berman 2001). 
Increased water temperatures can impact physiological processes such as food consumption, 
metabolic rates, and cardiorespiratory performance (Whitney et al. 2016), as well as migratory 
behavior, disease and parasite-resistance, and inter- and intra-specific competition in aquatic 
species (Lynch et al. 2016). In addition, warmer water temperatures and associated declines in 
water quality may lead to increased disease outbreaks in aquatic fauna (Barr et al. 2010). 
 
The impacts of increasing water temperatures associated with climate change, loss of riparian 
vegetation, channel widening, water pumping, and other forms of habitat degradation are likely 
to influence the distribution, abundance, and health of aquatic organisms in rivers and streams 
(Madej et al. 2006; Null et al. 2013). Salmonids are particularly sensitive to elevated water 
temperatures, and warmer water temperatures are likely to stress populations (McCarthy et al. 
2009; Obedzinski et al. 2018). Although high-elevation reaches are warming at a slower rate 

 
1 Climate and climate-driven factors presented are those ranked as having a moderate or higher impact on this 
habitat type; additional climate and climate-driven factors that may influence the habitat to a lesser degree 
include storms. 
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compared to those at lower elevations (Isaak et al. 2016, 2017), continuing increases in water 
temperature are likely to reduce habitat availability for cool- and coldwater fish in California 
(O’Neal 2002; Obedzinski et al. 2018). Over the past 50 years, coldwater habitat in the Klamath 
River has gradually declined by about 8.2 km (5.1 mi) per decade, and the period of time in 
which mean daily water temperature is above 15°C (27°F) has increased by 9 days per decade 
(Bartholow 2005). By 2090, 25–41% of currently suitable California streams may become too 
warm to support trout under a high-emissions scenario (O’Neal 2002), and range contractions 
are likely as viable coldwater habitat in California is expected to shift towards higher elevations 
and latitudes as temperatures increase; simultaneously, the range of warmwater fishes may 
expand (Eaton & Scheller 1996; Mohseni et al. 2003; Null et al. 2013). Anthropogenic activity 
(e.g., deforestation) can further contribute to the development of high temperatures that act as 
a thermal barrier, restricting the longitudinal movement of anadromous fish between reaches 
(Madej et al. 2006). 
 

Regional Air & Water Temperature Trends2 

Historical & current trends: 

• 0.03°C (0.05°F) decrease to 0.5°C (0.9°F) 
increase in the average annual temperature 
between 1900 and 2009 for the Northwestern 
California, Southern Cascade, and Great Valley 
ecoregions (Rapacciuolo et al. 2014) 
o No seasonal temperature trends available 

• ~0.1°C (0.2°F) per decade increase in mean 
August stream temperatures in northwestern 
California from 1976–2015 (Isaak et al. 2017) 
o Corresponds to a 0.4°C (0.7°F) increase in 

air temperature and 5.3% decrease in 
discharge per decade 

Projected future trends: 

• 2.2–6.1°C (4.0–11.0°F) increase in the average 
annual temperature by 2100 (compared to 
1951–1980) for the North Coast, Northern 
Coast Range, Northern Interior Coast Range, 
Klamath Mountain, Southern Cascade, and 
Great Valley ecoregions (Flint et al. 2013; Flint 
& Flint 2014) 
o 1.9–5.8°C (3.4–10.4°F) increase in average 

winter minimum temperatures 
o 2.0–6.8°C (3.6–12.2°F) increase in average 

summer maximum temperatures 

• 0.4–0.8°C (0.7–1.4°F) per decade increase in 
mean August stream temperatures in 
northwestern California by the 2080s (Isaak et 
al. 2017) 
o Corresponds to a 3.6°C (6.5°F) increase in 

air temperature and 1.2% decrease in 
stream discharge 

• 1–3°C (1.8–5.4°F) increase in the temperature 
of the Sacramento River by 2100 (Cloern et al. 
2011) 

 
2 Trends in climate factors and natural disturbance regimes presented in this and subsequent summary tables are 
not habitat-specific; rather, they represent broad trends and future projections for the study region. The 
precipitation, temperature, climatic water deficit, and snowpack projections for this project are derived from the 
Basin Characterization Model, which uses modified Jepson ecoregions (Flint et al. 2013; Flint & Flint 2014). 
Projections for all other factors are based on a review of relevant studies in the scientific literature. For this 
project, exposure was evaluated by calculating the magnitude and direction of projected change within the 
modified Jepson ecoregions that include habitat distribution within the study geography. 
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Regional Air & Water Temperature Trends2 

Summary of Potential Impacts on Habitat (see text for citations) 

• Changes in biological, physical, and chemical properties of rivers and streams, including altered 
levels of dissolved oxygen, nutrient cycling, and ecosystem productivity 

• Changes in the distribution, abundance, and health of aquatic organisms, including changes in 
metabolic rates 

• Increased disease outbreaks where warmer water temperatures allow the proliferation of 
pathogens 

• Likely reduction in the extent of coldwater habitat by the end of the century, with suitable areas 
shifting towards higher elevations and latitudes 

 
Precipitation amount and timing 
Under future climate conditions, precipitation is expected to become increasingly variable in 
terms of both timing and amount (Pierce et al. 2013; Thorne et al. 2015; Swain et al. 2018), 
which will impact water levels and flow regimes in rivers and streams (Meyers et al. 2010). 
Changes in the amount and timing of precipitation may impact coastal rain-dominated rivers to 
a particularly great degree, as they receive most or all of their precipitation during the winter 
and experience steep recession rates during the summer dry period (Sawaske & Freyberg 2014; 
Power et al. 2016). Changes in the amount and/or timing of winter precipitation, including 
changes in the frequency of extreme precipitation events, may also contribute to temporal 
changes in the distribution of floods (Knowles et al. 2006; Meyers et al. 2010). 
 

Altered flow regimes (e.g., timing, magnitude, frequency, duration, flashiness) due to changes 
in precipitation can induce a variety of environmental and biological responses, with resulting 
impacts on biodiversity and ecosystem function (Poff et al. 1997). For example, disturbances 
such as high flow events often reduce species abundance and habitat in the short term, but can 
also create and maintain important habitat features over the long term by transporting 
sediment, importing large woody debris, and scouring floodplain soils (Reeves et al. 1995; Poff 
et al. 1997). By contrast, reduced summer flows can increase the number of days that stream 
reaches are disconnected, which is a key stressor that reduces survival in salmonids in coastal 
streams (Obedzinski et al. 2018). 
 

Regional Precipitation Trends 

Historical & current trends: 

• 2.6–9.4 cm (1.0–3.7 in) increase in mean 
annual precipitation between 1900 and 2009 
for the Northwestern California, Southern 
Cascade, and Great Valley ecoregions 
(Rapacciuolo et al. 2014) 

Projected future trends: 

• 23% decrease to 38% increase in mean annual 
precipitation by 2100 (compared to 1951–
1980) for the North Coast, Northern Coast 
Range, Northern Interior Coast Range, Klamath 
Mountain, Southern Cascade, and Great Valley 
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Regional Precipitation Trends 

ecoregions (Flint et al. 2013; Flint & Flint 

2014)3 

• Seasonal changes are projected to be more 
significant as the wet season becomes wetter 
and shorter (i.e., later onset of fall rains and 
earlier onset of summer drought) and the dry 
season becomes drier and longer (Pierce et al. 
2018; Swain et al. 2018) 

• Overall, interannual variability is expected to 
increase (Pierce et al. 2018; Swain et al. 2018) 

Summary of Potential Impacts on Habitat (see text for citations) 

• Altered timing and volume of runoff and flows, with impacts varying between coastal rain-
dominated rivers and interior systems dominated by snowmelt 

• Changes in environmental and biological responses associated with altered flow regimes, which 
include detrimental impacts on aquatic habitats and species 

 
Snowpack amount and earlier timing of snowmelt and runoff 
In western North America, warming winter air temperatures and an increase in early spring rain 
have reduced snowpack and spring snow accumulation and contributed to shifts in the timing 
of snowmelt and runoff since the middle of the last century (Hamlet et al. 2005; Stewart et al. 
2005; Knowles et al. 2006; Mote 2006). These patterns are projected to continue into the 
future (Georgakakos et al. 2012), and will likely limit stored water available to supply snowmelt-
dominated rivers and streams during the drier summer months (Hamlet et al. 2005; Mote et al. 
2005). As warming temperatures reduce snowpack and shift the timing of the spring snowmelt 
recession in mountain basins, changes in peak flow magnitude and rate of change may affect 
abiotic conditions within the stream channel by altering patterns of erosion and sedimentation 
(Yarnell et al. 2010). Shifts in the timing of peak flows are also likely to reduce summer flows 
and contribute to warmer water temperatures (Yarnell et al. 2010), reducing habitat availability 
for aquatic organisms such as salmonids due to the disconnection of stream reaches and/or the 
loss of temperature refugia (Poff et al. 1997; Crozier et al. 2008; Meyers et al. 2010; Power et 
al. 2015). 
 

Regional Snowpack & Snowmelt Trends 

Historical & current trends: 

• 15–39% decrease in April 1 snow water 
equivalent (SWE) between 1951 and 2010 for 
the Northwestern California and Southern 
Cascade ecoregions (Flint et al. 2013) 

• 15–40-day shift towards earlier date of 90% 

Projected future trends: 

• Decreases in April 1 SWE by 2100 (compared 
to 1951–1980; Flint et al. 2013; Flint & Flint 
2014): 
o 86–99% decrease on the North Coast 
o 82–99% decrease in the Northern Coast 

 
3 Projections for changes in annual and seasonal precipitation by ecoregion can be found in the full climate impacts 
table (https://bit.ly/2LHgZaG). 

https://bit.ly/2LHgZaG
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Regional Snowpack & Snowmelt Trends 

snowmelt across the western U.S. since 1915 
(Hamlet et al. 2005) 

• 10–30-day shift towards earlier timing of 
snowmelt-driven runoff across the western 
U.S. since 1948 (Stewart et al. 2005) 

Range 
o 99–100% decrease in the Northern Interior 

Coast Range 
o 72–94% decrease in the Klamath Mountains 
o 61–89% decrease in the Southern Cascades 

• Likely 5–15-day shift towards earlier timing of 
snowmelt-driven runoff in northern California 
by 2100 (up to 60-day shift across the western 
U.S.; Stewart et al. 2004; Rauscher et al. 2008) 

Summary of Potential Impacts on Habitat (see text for citations) 

• Decreased water storage to supply snowmelt-dominated basins during the summer months, 
reducing summer flows 

• Changes in abiotic conditions within the stream channel due to changes in peak flow magnitude 
and rate of change 

• Increased water temperature due to earlier timing of snowmelt and associated reductions in 
summer flows 

 
Streamflow 
Increased temperatures and associated increases in atmospheric demand (Sawaske & Freyberg 
2014), changes in the amount and timing of seasonal precipitation (Klein et al. 2017), reduced 
snowpack, and earlier timing of snowmelt and runoff (Stewart et al. 2005; Knowles et al. 2006) 
determine shifts in the volume and timing of streamflow projected under climate change. 
Current trends show rain-dominated coastal rivers experiencing declines in late summer flows, 
but little or no change in spring discharge rates (Sawaske & Freyberg 2014; Klein et al. 2017); in 
contrast, shifts towards reduced snowpack and a greater proportion of rainfall in snowmelt-
dominated watersheds has contributed to earlier timing of spring peak flows (Stewart et al. 
2005; Knowles et al. 2006).  
 
Altered streamflow (i.e., changes in amount, timing, and/or duration of flow) contributes to 
changes in geomorphology and physical processes within stream channels and associated 
riparian areas, with resulting impacts on the ecological integrity of these habitats (Poff et al. 
1997; Furniss et al. 2010). Reductions in habitat quality and availability associated with altered 
flow regimes may alter the timing of fish migration and reduce the survival of aquatic species, 
particularly where low flows disconnect floodplains and stream reaches (Madej et al. 2006; 
Power et al. 2015; Obedzinski et al. 2018). Intermittent flows in the summer are a particularly 
important driver of salmon persistence in streams (Obedzinski et al. 2018). However, many 
stream channels are naturally disconnected due to geology and alluvial processes, and 
significant coldwater refuges can form where shallow groundwater seeps through the gravel 
streambed into these pools (Vuln. Assessment Reviewer, pers. comm., 2019). 
 
Warmer water temperatures and decreased levels of dissolved oxygen during periods of very 
low flows (Poole & Berman 2001) also impact algae at the base of the food web (Power et al. 
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2015). Where habitats become warmer and more isolated, the edible diatoms that fuel food 
webs that support salmonids and other species may die off and be replaced by inedible and 
potentially toxic taxa (Power et al. 2015). Water quality may also be reduced due to 
cyanobacteria blooms, which are most common when a winter flood scour is followed by a 
summer with low base flows, creating disconnected pools that support the growth of toxic 
cyanobacteria (Paerl et al. 2011; Power et al. 2015).  
 
Altered flow regimes may also impact riparian vegetation, as many species are adapted to 
periodic flooding (Poff & Zimmerman 2010). For instance, floods deposit alluvial sediment in 
riparian areas (Perry et al. 2012), and species such as cottonwood depend on inundation for 
seedling dispersal, germination, and establishment (Rood et al. 2005; Stella et al. 2006). 
 

Regional Streamflow Trends 

Historical & current trends: 

• Shift towards earlier spring peak flows in 
snowmelt-dominated basins (Stewart et al. 
2005; Pierce et al. 2018) 

• In rain-dominated coastal rivers in northern 
California, minimum annual flows have 
decreased and late summer recession rates 
have increased over the past 40-80 years 
(Sawaske & Freyberg 2014; Asarian & Walker 
2016; Klein et al. 2017) 

• September streamflow declined at 73% of 
undammed sites in northern California and 
southwest Oregon (Asarian & Walker 2016) 

Projected future trends: 

• Generally, wet season flows are projected to 
increase and dry season flows are projected to 
decrease (Leng et al. 2016; Grantham et al. 
2018) 

• Overall increase in flow variability and earlier 
timing of spring peak flows (by up to 30 days; 
Stewart et al. 2005) 

• As a result of more extreme dry conditions, the 
lowest streamflow per decade is projected to 
be 30–40% lower by 2100 (Pierce et al. 2018) 

Summary of Potential Impacts on Habitat (see text for citations) 

• Disconnection of stream reaches and floodplains, warmer water temperatures, reduced dissolved 
oxygen levels due to declining flows 

• Altered timing of fish migration and reduced spawning and survival where habitat extent and 
quality are reduced 

• Changes in riparian vegetation where species are dependent on periodic flooding for seed 
dispersal, germination, and establishment 

 

Climatic water deficit and soil moisture 
Water availability and corresponding moisture stress is a primary driver of riparian plant growth 
and mortality (Perry et al. 2012; Stubblefield et al. 2017), ultimately playing a large part in 
determining plant distribution across the western U.S. (Stephenson 1998). One particularly 
useful way to operationalize moisture stress for riparian vegetation is using climatic water 
deficit (CWD), which provides a “plant-relevant” metric that takes into account the interaction 
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between water (precipitation) and energy (temperature; Stephenson 1998).4 Although future 
precipitation projections for California are highly uncertain, warmer temperatures and 
associated increases in evaporative demand mean that even areas where precipitation may 
increase are expected to see a rise in CWD (Thorne et al. 2015; Micheli et al. 2018). 
 
Changes in soil moisture and atmospheric water demand may contribute to shifts in both 
upland and riparian forest composition and structure (Tague et al. 2009; Perry et al. 2012), 
which, in turn, can alter water use by riparian vegetation and impact the amount of water 
available for groundwater recharge and surface runoff into rivers and streams (Tague et al. 
2009; Stubblefield et al. 2017). Within riparian areas, reduced soil moisture over an extended 
period may shift plant community composition toward more drought-tolerant and/or non-
native species, while drought-intolerant species such as cottonwoods and willows may decline 
(Perry et al. 2012). A shift in riparian plant communities is likely to reduce habitat for wildlife 
and fish by reducing cover or shade and eliminating potential nesting sites (Perry et al. 2012). 
Lower soil moisture may also reduce denitrification and increase nitrogen retention (McLain & 
Martens 2006), resulting in slower decomposition of leaf litter and associated reductions in 
nutrient cycling (Perry et al. 2012). 
 
Because water table levels contribute to the amount of moisture in soil (Perry et al. 2012), 
lower streamflows in late spring and summer may cause slower plant growth, reduced seedling 
recruitment, and increased mortality of shallow-rooted plants, seedlings, and young trees in 
riparian areas, especially in snowmelt-dominated streams (Rood et al. 2008). 
 

Regional Climatic Water Deficit (CWD) & Soil Moisture Trends 

Historical & current trends: 

• 1.1 cm (0.4 in) decrease to 0.4 cm (0.2 in) 
increase in average annual CWD between 1900 
and 2009 for the Northwestern California, 
Southern Cascade, and Great Valley ecoregions 
(Rapacciuolo et al. 2014) 

• No trends available for soil moisture 

Projected future trends: 

• Increases in average annual CWD by 2100 
(compared to 1951–1980; Flint et al. 2013; 
Flint & Flint 2014): 
o 9–29% increase on the North Coast 
o 7–24% increase in the Northern Coast 

Range 
o 5–16% increase in the Northern Interior 

Coast Range 
o 10–32% increase in the Klamath Mountains 
o 16–43% increase in the Southern Cascades 
o 4–19% increase in the Great Valley 

• Increased CWD and decreased top-level soil 
moisture is likely even if precipitation increases 
due to temperature-related changes in 
evaporative demand (Thorne et al. 2015; 
Micheli et al. 2018; Pierce et al. 2018) 

 
4 CWD, calculated as potential evapotranspiration (PET) minus actual evapotranspiration (AET), measures the 
degree to which the impact of local atmospheric conditions (particularly air temperature and relative humidity) on 
plants and soil exceeds available moisture (Stephenson 1998). 
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Regional Climatic Water Deficit (CWD) & Soil Moisture Trends 

Summary of Potential Impacts on Habitat (see text for citations) 

• Slower riparian plant growth, reduced seedling recruitment, and increased plant mortality 

• Shifts in riparian community composition toward drought-tolerant and/or non-native vegetation 

• Reduced groundwater recharge and surface runoff due to changes in upland forest 
composition/structure and associated increases in water demand 

• Slower decomposition of leaf litter and associated reductions in nutrient cycling 

 
Heat waves 
Heat waves in northern California are projected to increase in frequency, duration, and 
intensity (Gershunov et al. 2009; Filewod & Thomas 2014), causing thermal stress and potential 
mortality in aquatic organisms (Diez et al. 2012). In addition, heat waves increase the potential 
for the establishment of more heat-tolerant invasive species (Diez et al. 2012). Heat waves are 
also becoming more humid, and are shifting toward nighttime (Gershunov et al. 2009; 
Gershunov & Guirguis 2012); for flora and fauna acclimatized to warm, dry days and cool nights, 
this may prevent the opportunity for nighttime rejuvenation and increase the likelihood of 
mortality in sensitive organisms (Gershunov et al. 2009). Heat waves will also likely increase 
water demand for agriculture, which may result in more water being diverted from rivers and 
streams (Cayan et al. 2008). 
 
Heat waves can cause increases in stream temperatures that lead to direct mortality of fish and 
aquatic invertebrates, and may facilitate the establishment of non-native species more tolerant 
of high temperatures (Diez et al. 2012). Although heat waves are considered “short duration 
high temperature events” (Filewod & Thomas 2014), they may also result in persistent stress 
that reduces the biotic resistance of a community over a long period of time, the end of which 
may be punctuated by a large die-off (Diez et al. 2012). For instance, dieoffs of adult spring run 
Chinook salmon (Oncorhynchus tshawytscha) in the Salmon River occurred in the summer of 
2014 when heat waves coincided with drought conditions and very low snowpack (Vuln. 
Assessment Reviewer, pers. comm., 2019). Heat waves may also contribute to unusually warm 
river temperatures that allow outbreaks of pathogens or parasites (Kupferberg et al. 2009). 
 

Regional Heat Wave Trends 

Historical & current trends: 

• Increase in the frequency of humid nighttime 
events over the past several decades 
(Gershunov & Guirguis 2012) 

• High interannual and interdecadal variability in 
heat waves (Gershunov & Guirguis 2012) 

Projected future trends: 

• Increased heat waves, with the greatest 
increase in humid nighttime heat waves and in 
coastal areas (Gershunov & Guirguis 2012) 

• 2–6°C (3.6–10.8°F) increase in the temperature 
of the hottest day of the year by 2100 (Pierce 
et al. 2018) 

Summary of Potential Impacts on Habitat (see text for citations) 

• Increased stream temperatures and associated mortality in organisms sensitive to extreme heat 

• Increased disease and/or parasite outbreaks within fish and amphibians 
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Regional Heat Wave Trends 

• Expansion and/or establishment of invasive species 

 
Drought 
During periods of drought, streamflow can decline significantly, causing lower summer low-
flows and even drying up completely during the most severe droughts (Klein et al. 2017). 
Drought impacts are further exacerbated by water diversions and withdrawals, which range 
from small, private withdrawals to large-scale federal projects (Power et al. 2015).  
 
Drought conditions may alter the dynamics of habitat structure both spatially and temporally, 
causing detrimental effects to rivers and streams by exaggerating the normal annual drying 
sequence and eliminating or reducing scouring flows within the channel (Gasith & Resh 1999). 
Over multiple years, drought can cause the accumulation of fine sediments, expansion of 
deposition zones, and bank erosion (Gasith & Resh 1999). Additionally, vegetation 
encroachment may cause dramatic changes in channel morphology (Gasith & Resh 1999), and 
drought stress and associated tree mortality could contribute to changes in the structure, 
function, and species composition of riparian vegetation, including the displacement of riparian 
species with drought-tolerant invasive plants (Perry et al. 2012).  
 
Drought can also reduce populations of aquatic organisms through increased competition, 
predation, and habitat loss (Bêche et al. 2009), although responses depend, in part, on the 
timing of the event because many native species in California rivers and streams are adapted to 
frequent flood and drought events (Lytle & Poff 2004; Power et al. 2016). Following severe 
drought events, fish and benthic invertebrate community composition may take multiple years 
to recover; where organisms are extirpated or habitat is permanently altered, recovery may be 
delayed or impossible (Bêche et al. 2009). Increased wildfire risk during periods of drought can 
pose an additional threat to fish and other aquatic organisms (Isaak et al. 2010). 
 

Regional Drought Trends 

Historical & current trends: 

• Drought years have occurred twice as often 
over the last two decades compared to the 
previous century (Diffenbaugh et al. 2015) 

• 2012–2014 drought set records for lowest 
precipitation, highest temperatures, and most 
extreme drought indicators on record (Griffin 
& Anchukaitis 2014; Diffenbaugh et al. 2015) 

Projected future trends: 

• Drought years are twice as likely to occur over 
the next several decades due to increased co-
occurrence of dry years with very warm years 
(Cook et al. 2015) 

• 80% chance of multi-decadal drought by 2100 
under a high-emissions scenario (Cook et al. 
2015) 

• Severe droughts that now occur once every 20 
years will occur once every 10 years by 2100 
and once-in-a-century drought will occur once 
every 20 years (Pierce et al. 2018) 
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Regional Drought Trends 

Summary of Potential Impacts on Habitat (see text for citations) 

• Altered channel structure due to loss of scouring flows, changes in erosion and sedimentation 
patterns, and vegetation encroachment 

• Decreased populations of aquatic organisms due to reduced habitat extent and quality 

• Increased stress and mortality in riparian vegetation 

• Expansion of drought-tolerant invasive species within riparian areas 

• Increased wildfire risk in upland habitats, which may have negative impacts on aquatic organisms 

 

Sensitivity and future exposure to changes in natural disturbance regimes 

Regional experts evaluated rivers, streams, and floodplains as having moderate-high sensitivity 
to changes in natural disturbance regimes (high confidence in evaluation), and moderate-high 
future exposure to these stressors within the study region (moderate confidence). Key natural 
disturbance regimes that affect rivers, streams, and floodplains include flooding and wildfire. 
 
Flooding 
Flooding impacts rivers, streams, and floodplains by causing vegetative removal, erosion, 
sediment transport, and altered stream channel geomorphology (Perry et al. 2012; Power et al. 
2016). In areas with significant snowpack, winter floods can be particularly large because 
snowpack accumulation along streams adds to the effective height of the streambank, 
confining the flood to the channel (Erman et al. 1988). The accompanying rapid flow and 
transport of streambed material can kill or displace fish eggs, and kill benthic or juvenile fish by 
grinding or crushing them (Erman et al. 1988). Similarly, aquatic insects (e.g., caddisflies) spend 
part of their life cycle on the river bottom, and cannot survive the effects of rolling rocks during 
river floods (Wootton et al. 1996). The higher mortality of aquatic insects during heavy winter 
flooding can impact food webs, reducing prey availability for salmonids and other higher-level 
predators (Wootton et al. 1996). 
 
Flooding is a key process in determining the community composition and structure of 
vegetation in riparian habitats (Merritt et al. 2010), and aids in the selection of vegetation with 
life history traits that thrive in these disturbances (Lytle & Poff 2004). Pioneer species such as 
cottonwood and willows are characterized by high seed output, effective dispersal, and fast 
growth rates (Braatne et al. 1996; Karrenberg et al. 2002), but are particularly reliant on the 
timing of high flows due to viability limits (Scott et al. 1997; Stella et al. 2006). In snowmelt-
dominated rivers, seed dispersal and establishment has evolved to occur in synchrony with the 
high flows occurring with the snowmelt pulse (Scott et al. 1997; Cooper et al. 1999). The timing 
of floods can also be important in the life history of aquatic organisms. For example, fish 
populations synchronize short windows of reproduction and development with the appropriate 
river or stream conditions by altering the timing of life events such as migration (Fausch et al. 
2001; Power et al. 2008). 
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Regional Flooding Trends 

Historical & current trends: 

• No trends available for flooding 

Projected future trends: 

• More frequent/severe winter flooding due to 
an increase in extreme precipitation events 
(Dettinger 2011; AghaKouchak et al. 2018; 
Swain et al. 2018; Grantham et al. 2018) 

• State-wide, 200-year floods are expected to 
increase in frequency by 300–400%, becoming 
50-year floods (Swain et al. 2018) 

Summary of Potential Impacts on Habitat (see text for citations) 

• Removal of riparian vegetation during large flood events 

• Increased erosion and sediment transport within stream channels, potentially altering channel 
structure and location 

• Increased mortality in aquatic organisms, including invertebrates and fish eggs/young 

• Changes in riparian plant recruitment based on altered timing and magnitude of flood events 

 
Wildfire 
The impacts of wildfire on rivers and streams are dependent on many different factors, 
including fire intensity/severity, time frame, proportion of catchment burned, and whether it 
occurs in upland or riparian areas (Reeves et al. 1995; Dwire & Kauffman 2003; Minshall 2003; 
Bêche et al. 2005; Pettit & Naiman 2007; Arkle & Pilliod 2010; Isaak et al. 2010). Historically, 
many of northern California riparian and upland forests experienced mixed-severity fires, which 
includes irregular patches of low-, moderate-, and high-severity fire (Perry et al. 2011). In 
riparian areas associated with perennial streams, fire return intervals tend to be longer and 
more variable compared to nearby upland sites (Skinner 2003; Olson & Agee 2005; Bendix & 
Commons 2017). Because riparian sites associated with perennial water sources have a greater 
amount of moisture, they may act as barriers to low- and moderate-severity upland fires and/or 
fires that do occur may burn at a lower severity compared to the surrounding upland habitat 
(Skinner 2003; Pettit & Naiman 2007). Thus, riparian areas help maintain the complex fire 
processes that increase landscape heterogeneity across the region (Skinner 2003) and may 
provide refugia for fire-sensitive species as well as a starting point for recolonization of plants 
and animals post-fire (Pettit & Naiman 2007). However, if fuel moisture decreases sufficiently, 
riparian areas can expedite the spread of fire by acting as corridors for fire movement (Pettit & 
Naiman 2007).  
 
Temperature inversions are common within the Klamath Mountains due to the complex 
topography (Estes et al. 2017; Skinner et al. 2018). These inversions trap smoke within river 
canyons during large fire events, resulting in lower surface temperatures and higher relative 
humidity that reduce fire intensity and resulting fire severity (Estes et al. 2017; Skinner et al. 
2018). Reduced solar radiation in the presence of smoke also helps maintain cooler stream 
temperatures both during the fire and afterwards where smoke remains trapped by the 
inversion (David et al. 2018; Skinner et al. 2018). This limits high water temperatures during the 



 

Climate change vulnerability assessment for the Northern California Climate Adaptation Project. 
Copyright EcoAdapt 2019 

16 

fire season, reducing stress on thermally sensitive species such as salmonids (Norgaard et al. 
2016; David et al. 2017, 2018; Karuk Tribe 2019). 
 
Low- to moderate-intensity fire can have many ecosystem benefits (Hankins 2009, 2013; Arkle 
& Pilliod 2010), and cultural burning practices utilized by northern California tribes have helped 
maintain the quality and abundance of fire-dependent cultural resources (e.g., willow) as well 
as important habitat characteristics in riparian areas and adjacent rivers and streams (Anderson 
2005; Lake 2007; Hankins 2009, 2013; Norgaard et al. 2016; Karuk Tribe 2019). Periodic low-
intensity fire, whether occurring as a result of natural or anthropogenic ignitions, reduces the 
density of riparian shrubs and young trees and increases early-successional vegetation, 
enhancing habitat for many wildlife species (Hankins 2009, 2013). Reduced stem density 
following fire also decreases water use by riparian vegetation, increasing the amount of runoff 
available for streamflow (Tague et al. 2009). Low-severity fires in upland and riparian areas 
increase instream habitat complexity (Arkle & Pilliod 2010), benefitting salmon and other 
aquatic organisms by providing sediment and large woody debris (Arkle & Pilliod 2010; Flitcroft 
et al. 2016) and enhancing stream productivity as nutrients enter the food web (Minshall 2003). 
Finally, periodic low- to moderate-severity fire within riparian areas removes accumulated fuel, 
helping to reduce the risk of high-severity fire (Agee & Skinner 2005; Parks et al. 2015a). 
 
High-intensity wildfires are most common during heat waves and periods of drought when 
extreme fire behavior is more likely (Westerling 2018; Wahl et al. 2019), and fires that burn in 
adjacent riparian areas and/or burn a large proportion of the catchment area can have 
particularly severe negative impacts on rivers and streams (Minshall 2003). The loss of riparian 
vegetation following high-severity fires can significantly increase water temperatures (Dwire & 
Kauffman 2003; Pettit & Naiman 2007; Dunham et al. 2007; Isaak et al. 2010) and increase the 
risk of large post-fire landslides and debris flows (Cannon & DeGraff 2009), potentially causing 
direct mortality in fish and other aquatic organisms (Hitt 2003; Norgaard et al. 2016). Mortality 
events are especially likely where streams are already warming and/or where fish are near their 
thermal limits (Isaak et al. 2010). Post-fire erosion and debris flows during heavy rains can 
introduce large amounts of wood, sediment, and pollutants into aquatic systems (Shakesby & 
Doerr 2006), which can cause direct mortality of aquatic organisms (Roby & Azuma 1995; 
Flitcroft et al. 2016) and significantly alter stream channels and floodplains (Shakesby & Doerr 
2006; Cannon & DeGraff 2009; Long & Davis 2016). Over a longer period of time, wildfires may 
have some positive influences on the ecology and geomorphology of the river or stream by 
altering the instream environment (Pettit & Naiman 2007). High-intensity fires also create 
forest canopy openings that maintain a mosaic of variably productive rivers and streams across 
the landscape (Arkle & Pilliod 2010).  
 
The primary drivers of post-fire vegetation dynamics in most northern California forests include 
climatic water deficit, seed source proximity, interspecific competition, and abiotic site 
conditions (e.g., soil parent material, topography, elevation; Donato et al. 2009; Irvine et al. 
2009; Welch et al. 2016; Tepley et al. 2017). Riparian forests typically recover more rapidly than 
surrounding upland forests due to greater moisture availability and the fact that the forest 
structure in these areas is often more complex (Reeves et al. 2006; Pettit & Naiman 2007). 
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Additionally, the rapid reestablishment of hardwoods that sprout following topkill (e.g., tanoak) 
can potentially counter post-fire erosion (Vuln. Assessment Workshop, pers. comm., 2018). 
However, warmer, drier conditions projected for the coming century may delay or impair post-
fire conifer regeneration due to increased competition for soil moisture and the loss of 
surviving trees that can act as seed sources within the interior of larger high-severity patches 
(Welch et al. 2016; Tepley et al. 2017; Collins et al. 2017).  
 
Finally, post-fire vegetation composition and fuel structure can influence the likelihood of re-
burning at high severities (Pettit & Naiman 2007; Thompson et al. 2007; Odion et al. 2010; 
Thompson & Spies 2010; Campbell et al. 2016). For instance, canopy gaps created by fire can 
reduce humidity and contribute to drier fuels (Pettit & Naiman 2007). Early-seral vegetation is 
also more likely to burn at higher severities in the region due to high productivity and the 
dominance of combustible evergreen hardwoods (Odion et al. 2004, 2010; Thompson & Spies 
2010). It is unknown whether large numbers of standing snags following high-severity fire can 
increase the severity of future fires, as no studies have addressed this dynamic in riparian 
forests. However, it is likely that the higher soil moisture and more rapid recovery within 
riparian zones would reduce this risk relative to upland forests (Pettit & Naiman 2007) due to 
higher decay rates in moist forests (Campbell et al. 2016). Other factors that likely impact 
reburn severity in riparian forests include climate conditions (e.g., drought), pre-disturbance 
forest structure, post-fire vegetation dynamics, and the interval between fires, as well as the 
legacy of past management and whether or not post-fire logging and planting occurred (Pettit 
& Naiman 2007; Thompson et al. 2007; Thompson & Spies 2010; Donato et al. 2013; Campbell 
et al. 2016). Thus, more frequent high-severity fires can promote longer-term shifts towards 
vegetation assemblages that are more likely to burn at higher severities, exacerbating the 
potential negative impacts of fire such as increased water temperatures and shifts in habitat 
structure (Norgaard et al. 2016). 
 

Regional Wildfire Trends 

Historical & current trends: 

• 85% of U.S. Forest Service lands in northern 
California are burning less frequently 
compared to pre-1850 fire return intervals, 
largely due to fire suppression (Safford & Van 
de Water 2014) 

• Fire size and total area burned increased on 
U.S. Forest Service lands in northwestern 
California between 1910-2008, with the 
highest values occurring after 2000 (Miller et 
al. 2012) 

• Changes in large fires (over 400 ha) in the 
inland northern California/Sierra Nevada 
region since the 1970s (Westerling 2016): 
o 184–274% increase in frequency  
o 270–492% increase in total area burned  

Projected future trends: 

• State-wide, up to 77% increase in mean annual 
area burned and 50% increase in the frequency 
of extremely large fires (>10,000 ha) by 2100 
(Westerling 2018) 
o Greatest increases in burned area (up to 

400%) occur in montane forested areas in 
northern California (Westerling et al. 2011; 
Westerling 2018) 

o Less significant increases or possible 
decrease along the North Coast (Westerling 
et al. 2011) 

• Little projected change in fire severity in 
northwestern California by 2050 in models 
based solely on historical fire-climate 
relationships (Parks et al. 2016) 
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Regional Wildfire Trends 

o 215% increase in length of the fire season 

• Changes in fire size, area burned, and fire 
frequency over the past several decades 
remain well below historical tribally-influenced 
frequency and extent of burning in California 
(Stephens et al. 2007) 

• No significant trends in the average areal 
proportion of high-severity fire were 
documented in northwestern CA from 1984–
2008 (Miller et al. 2012; Parks et al. 2015b; 
Law & Waring 2015; Keyser & Westerling 
2017) 
o The relatively short period of record for fire 

severity data may obscure long-term trends 
o To date, there are no peer-reviewed studies 

on trends in northern California fire severity 
that include data from the last ten years 

o However, human activity and fuel buildup 
from decades of fire suppression have 
altered historical fire-climate relationships 
(Taylor et al. 2016; Syphard et al. 2017; 
Wahl et al. 2019), and projections that 
incorporate these factors suggest that more 
significant increases in fire severity and size 
may occur (Mann et al. 2016; Wahl et al. 
2019) 

• The majority of impacts to natural and human 
ecosystems come from extreme fire events 
(i.e., fires that have a low probability of 
occurring in any given place and time), which 
are likely to increase over the coming century 
(Westerling 2018) 
o Generally, these patterns are not well-

represented in studies that evaluate indices 
of mean fire size, intensity/severity, etc. 

Summary of Potential Impacts on Habitat (see text for citations) 

• Immediate: 
o Reduced evapotranspiration where smoke inversions shade streams, temporarily increasing 

water yield and reducing water temperatures 
o Sudden increases in stream temperature and increased sedimentation/debris flows following 

high-severity fire, which may result in mortality and/or reduced habitat suitability for fish and 
other aquatic organisms 

• Short-term (~2-year):  
o Increased habitat complexity and productivity following low- to moderate-severity fires as 

debris and nutrients enter streams 
o Temporary increases in water temperature and streamflow following the removal of riparian 

vegetation by high-severity fires 
o Changes in the geomorphology of stream channels following high-severity fire 

• Long-term:  
o Changes in channel morphology and stream ecology due to erosion/sedimentation processes 

and altered instream environment 

 

Sensitivity and current exposure to non-climate stressors 

Regional experts evaluated rivers, streams, and floodplains as having moderate-high sensitivity 
to non-climate stressors (high confidence in evaluation), with an overall moderate-high current 
exposure to these stressors within the study region (high confidence). Key non-climate stressors 
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that affect rivers, streams, and floodplains include roads/highways/trails, dams and water 
diversions, fire suppression, agriculture, timber harvest, and livestock grazing.5 
 
According to the California State Water Resources Control Board, many water bodies in 
northern California are impaired for beneficial uses; some of these include the South Fork of 
the Trinity River, the South Fork of the Eel River, the Russian River, the Pit River, and the 
Sacramento River, among others (California State Water Resources Control Board 2018). Within 
these rivers, water temperature, sediment, dissolved oxygen, nutrients, and heavy metals have 
significantly impacted water quality due primarily to flow alteration/regulation, riparian 
grazing, the removal of riparian vegetation, streambank destabilization, and point source 
pollution (California State Water Resources Control Board 2018). These watersheds are 
particularly vulnerable to climate-driven changes that may exacerbate the impacts of current 
stressors. For instance, lower summer flows may concentrate pollutants and increase mercury 
methylation (Vuln. Assessment Reviewer, pers. comm., 2018). 
 
Roads, highways, and trails 
The construction of transportation infrastructure, as well as runoff from roads, highways, and 
trails themselves, alters erosion and sedimentation processes, flow regimes, increases 
pollution, and facilitates the spread of invasive species (Trombulak & Frissell 2000; Coffin 2007). 
Amphibians and reptiles crossing roads to reach food, water, or nesting sites may also be killed, 
particularly where roads intersect their home ranges (Coffin 2007). As a result, streams near 
roads may have reduced species diversity (Moyle & Randall 1998). Many culverts associated 
with road crossings also block the passage of aquatic organisms, severing the connection 
between floodplains and mainstem rivers and acting as a significant barrier to migration and 
dispersal (Gucinski et al. 2001; Katz et al. 2013). Culverts also alter geomorphic processes and 
block downstream gravel movement, causing channel incision and gradually reducing the 
suitability of salmon spawning sites (Vuln. Assessment Reviewer, pers. comm., 2019). 
 
During road construction, bulldozers and other heavy machinery used for debris removal on 
steep slopes can cause excessive streambed sedimentation (Burns 1972). Where hillsides have 
been excavated for road or highway construction, soil and other organic materials become less 
stable; debris flows can occur during heavy rain events or other disturbances (Snyder 2000). 
Debris flows can heavily scour some segments of the stream, while depositing sediment and 
organic materials (e.g., large woody debris) in others (Jones et al. 2000). Riparian vegetation 
and benthic communities are frequently damaged by debris flows, which are 14 times more 
frequent around roads compared to undisturbed forest (Snyder 2000). 
 
Because roads compact soil, they allow the rapid runoff of water into streams (Ziemer 1988). 
Banks and drainage ditches cut along roadways also collect water that is delivered directly into 
streams or into culverts that further concentrate the flow (Wemple 1998). Increases in flow 

 
5 Non-climate stressors presented are those ranked as having a moderate or higher impact on this habitat type; 
additional non-climate stressors that may influence the habitat to a lesser degree include residential and 
commercial development. 



 

Climate change vulnerability assessment for the Northern California Climate Adaptation Project. 
Copyright EcoAdapt 2019 

20 

velocity leads to altered patterns of storm runoff, with higher peak flows increasing erosion and 
transporting sediment into stream channels (Duncan et al. 1987; Ziemer 1988; Welsh & Ollivier 
1998). These changes in erosion and sedimentation processes can damage riparian vegetation 
and alter the physical habitat structure, including channel and floodplain morphology and 
substrate (Welsh & Ollivier 1998; Wemple 1998). Fine sediments can also increase water 
turbidity, reduce pool depth, and restrict access to hyporheic microhabitats (Welsh & Ollivier 
1998; Coffin 2007), reducing habitat suitability for native coldwater fish while favoring 
warmwater fish, including invasive species (Coffin 2007). The presence of culverts can also 
degrade habitats by preventing the movement of sediment and debris, limiting channel 
migration in response to changing flow regimes and disturbances (Gucinski et al. 2001). 
 
Roads also introduce pollution from both vehicles and the road surface; common pollutants 
include hydrocarbons, asbestos, heavy metals, pesticides, and de-icing materials such as 
magnesium chloride (Coffin 2007). These contaminants can easily make their way into rivers 
and streams via stormwater runoff or flooding (Coffin 2007). 
 
Dams and water diversions 
Dams and other water diversions heavily impact flow timing and magnitude in rivers and 
streams (Asarian & Walker 2016), ultimately affecting many aspects of river and stream 
ecosystems including hydrology, water quality, erosion and sediment transport processes, and 
habitat continuity (Beechie et al. 2006; Null et al. 2013; Power et al. 2015). Negative effects of 
dams and other water diversions can be immediate and direct (e.g., barriers to fish migration), 
or more gradual, such as altered geomorphology in stream channels and floodplains as a result 
of changes in hydrology and sediment transport regimes (Power et al. 1996). Future water 
demand is expected to increase as climate changes interact with expanding urban populations, 
placing additional stress on existing water supplies (Medellín-Azuara et al. 2007).  
 
Dams alter the downstream flux of water and sediment, which can cause changes to 
biogeochemical cycles and modifications to the structure and dynamics of aquatic and riparian 
habitats (Poff & Hart 2002; Beechie et al. 2010; Yarnell et al. 2015). Sediment can be trapped 
behind dams, creating a deficit of sediment downstream; without incoming sediment from 
upstream, the water becomes more likely to erode the channel bed and banks (Kondolf 1997). 
The resulting channel incision can cause lowered water tables and reduced frequency and 
duration of overbank flows, which limits floodplain access for riverine organisms (Power et al. 
1996) and riparian plant recruitment (Poff & Hart 2002). Additionally, because fine sediments 
are more easily transported downstream, riverbeds can develop coarser substrates (Poff & Hart 
2002), reducing habitat quality for bottom-dwelling organisms (Poff & Hart 2002) and gravel 
areas for spawning salmon and trout (Kondolf 1997). The presence of dams can also cause 
changes in thermal regimes, with the most dramatic changes occurring where deeper reservoirs 
and slower flows result in thermal stratification (Poff & Hart 2002). During dam releases, 
sudden changes in water temperature as cool water moves downstream can affect the 
bioenergetic and physiological processes of many aquatic organisms, resulting in altered growth 
rates and development that can ultimately lead to changes in species composition and 
abundance (Poff & Hart 2002). 
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Water diversions for urban and agricultural use largely impact rivers and streams by reducing 
flow volume, particularly in and around larger cities (e.g., Redding; Vuln. Assessment Reviewer, 
pers. comm., 2018) and during the summer months when water use for irrigation is greatest 
(Bauer et al. 2015; Asarian & Walker 2016). A study of undammed streams in northwest 
California and southwest Oregon found that September streamflow declined at 73% of the sites 
due to water withdrawals and vegetation changes (Asarian & Walker 2016). Some watersheds 
on the North Coast have had up to 100% of their flow withdrawn during the summer months, 
possibly for the purposes of cannabis (Cannabis sativa, C. indica) cultivation (Bauer et al. 2015). 
Large flow diversions can also lead to an over-accumulation of sediment due to inadequate 
flushing (Yarnell et al. 2015). It is likely that climate changes, such as declining snowpack, earlier 
snowmelt, and increased evaporative demand will further reduce the amount of surface water 
available. 
 
Altered flow regimes caused by dams or water diversions can disrupt the life cycle of salmonids 
by causing a mismatch between seasonal cycles of runoff and the timing of spawning, egg 
hatching, and juvenile rearing (Beechie et al. 2006). For instance, poorly-timed fluctuations in 
the amount and velocity of water can scour and displace or dewater eggs and kill fry 
(Kupferberg et al. 2012). Dams have been implicated as a primary factor in the decline of 
anadromous fish (Katz et al. 2013), and are associated with an overall decrease in habitat 
heterogeneity and biodiversity (Kupferberg et al. 2012; Yarnell et al. 2015). Amphibians such as 
the foothill yellow-legged frog (Rana boylii) and the California red-legged frog (R. draytonii) are 
also affected by altered flow regimes associated with dams and water diversions (Kupferberg et 
al. 2012). These frogs reproduce during seasonal high flows to ensure their eggs and offspring 
are able to survive the critical period until adulthood (Kupferberg et al. 2011, 2012). This 
coordination between high flow conditions and early life stages is common to many stream and 
river-dwelling taxa, and disruption of the natural synchrony endangers the early life stages of 
many species (Kupferberg et al. 2012). 
 
Floodplains function as naturally occurring flood control structures, but are often disconnected 
from mainstem rivers by levees, embankments, or other structures, leaving them unable to 
fulfill this role (Tockner & Stanford 2002). These structures prevent high flows from reaching 
floodplains, eliminating access to natural flood storage and hindering ecological processes that 
support healthy riparian areas (Opperman et al. 2009). Floodplains serve as refugia for fish 
avoiding high-velocity and turbid water, but as floodplains become disconnected from adjacent 
riverine habitats, this ecosystem benefit is also lost (Sommer et al. 2001b). 
 
Fire suppression 
Fire suppression has altered wildfire regimes within both upland and riparian areas in northern 
California (Dwire & Kauffman 2003; Skinner 2003; Skinner et al. 2006; Steel et al. 2015), 
increasing the likelihood of larger and more severe fires (Taylor & Skinner 2003). Fire 
suppression has contributed to shifts in plant species composition, which can change the type 
and availability of fuel (Dwire & Kauffman 2003). Increased forest density, such as occurs in 
forests impacted by fire suppression, also enhances water use by vegetation due to greater 
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evapotranspiration, reducing the amount of runoff available for streams (Tague et al. 2009; 
Stubblefield et al. 2017). Although fire is often excluded from riparian areas to protect 
threatened and endangered aquatic species from the negative effects of increased sediment 
and other impacts, fire exclusion may eliminate some of the benefits provided by the 
disturbance (e.g., introduction of gravel and woody debris), while also increasing the likelihood 
of larger stand-replacing events (see Table 1; Reeves et al. 1995; Noss et al. 2006; Arkle & 
Pilliod 2010; Flitcroft et al. 2016). Fire suppression rules have also limited cultural burning 
practices aimed at providing smoke shading benefits to anadromous fish (Norgaard et al. 2016; 
David et al. 2017; Karuk Tribe 2019). 
 
Table 1. Impacts of fire suppression on the resilience of rivers and streams to climate stressors and 
climate-driven changes in fire regimes (table adapted from Norgaard et al. 2016). 

Prior to Fire During Fire After Fire 

• Reduced supply of beneficial 
gravel and woody debris that 
would normally enter aquatic 
systems following fire 

• Loss of beneficial smoke that 
cools rivers and streams 

• Introduction of fire retardant 
chemicals into aquatic 
systems, with potential 
negative impacts on aquatic 
organisms 

• Possible damage to riparian 
areas and associated aquatic 
systems during fire 
suppression activities (e.g., 
fire line building) 

• Planting of conifers and other 
post-fire management 
activities in upland areas may 
have unintended 
consequences for riparian 
habitats by creating an 
investment to protect 
restored areas from fire, 
potentially perpetuating fire 
suppression 

Source(s): Noss et al. 2006; National Marine Fisheries Service 2008; Dietrich et al. 2013, 2014; Nilsen et 
al. 2015; Norgaard et al. 2016; David et al. 2017 

 
Rivers and streams can become contaminated by ammonium phosphates and other aerially-
applied fire retardants if they are inaccurately applied during fire suppression activities or 
where wind drift occurs (National Marine Fisheries Service 2008; Bixby et al. 2015). These can 
cause lethal and non-lethal effects in aquatic organisms, including large-scale fish kills of 
salmon, sturgeon, and lamprey (National Marine Fisheries Service 2008; Dietrich et al. 2013, 
2014; Martín et al. 2014; Nilsen et al. 2015; Norgaard et al. 2016), and likely can contribute to 
algal blooms, though more research is needed in this area (Vuln. Assessment Reviewer, pers. 
comm., 2019). During periods of drought, higher concentrations may impact areas with low 
water levels to a greater degree (Martín et al. 2014), and nutrient byproducts can enter the 
groundwater system from upland areas, particularly before they are dissolved during winter 
rains (Tobin et al. 2015). Ultimately, the use of fire retardants is an attempt to balance the 
extensive risks of large, stand-replacing fires (including impacts to aquatic systems) with the 
localized risks of the chemicals in the fire retardants themselves (USDA Forest Service 2011). 
Agencies like the Forest Service have practices in place to minimize negative impacts on 
waterways, including restricted use of fire retardants within a 300-foot riparian buffer, though 
misapplications can still occur (USDA Forest Service 2011). Thus, the use of fire retardants may 
represent a way to minimize the negative impacts of high-severity fire on rivers and streams, 
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but, if misapplication occurs, may also represent an additional non-climate stressor (USDA 
Forest Service 2011). The speed of investigations after suspected misapplication can affect 
whether large-scale fish kills are fully documented (Vuln. Assessment Reviewer, pers. comm., 
2019). 
 
Agriculture 
Agricultural water demand exacerbates the many effects of climate change, resulting in an 
overextension of water resources in northern California (Kiparsky & Gleick 2003). In this region, 
most water for domestic and agricultural purposes is drawn from small surface water diversions 
(North Coast Water Quality Control Board 2011). Anthropogenic water withdrawals can 
strongly impact streamflow (Bauer et al. 2015; Asarian & Walker 2016), and changes in climate 
such as declining snowpacks and earlier snowmelt are likely to further reduce the amount of 
surface water available, shifting reliance to already-depleted groundwater resources (Hayhoe et 
al. 2004; Schlenker et al. 2007). Increased evapotranspiration due to increasing air 
temperatures may further intensify the demand for agricultural irrigation (Hayhoe et al. 2004). 
Agriculture can also alter flow regimes by decreasing soil infiltration, which can result in 
channel incision, floodplain isolation, and erosion of stream channels (Poff et al. 1997). 
 
Cannabis cultivation has become a major industry in northern California, but it has largely been 
unregulated since the passage of the Compassionate Use Act in 1996, which allowed for legal 
use and cultivation of medical marijuana (Bauer et al. 2015; Butsic et al. 2017). Cannabis plants 
have high water use during the May to September growing season, which coincides with the 
dry period when little precipitation is available to provide moisture (Bauer et al. 2015). An aerial 
inventory of large grow sites (e.g., greenhouses and outdoor gardens) in several watersheds on 
the North Coast found that at least 23%, and in some cases up to 100%, of summer flows were 
likely withdrawn for cannabis cultivation in 2012; however, many water users are unregistered 
and it is difficult to determine the extent of water withdrawals being used for cannabis (Bauer 
et al. 2015). Because summer water demand is greater than the amount of available water in 
some areas, growers must purchase pumped groundwater for irrigation after surface water is 
depleted (Bauer et al. 2015). The use of diverted water for alfalfa production also contributes to 
the drying of regional streams and rivers (Vuln. Assessment Reviewer, pers. comm., 2019). 
 
Agricultural and cannabis production can also increase contaminant runoff (e.g., pesticides, 
herbicides), potentially reducing anadromous fish health and survival (National Marine Fisheries 
Service 2015). 
 
Timber harvest 
Timber harvest can affect multiple aspects of stream biology, ecology, and hydrology. 
Within riparian areas, removal of the forest canopy can increase water temperatures, affecting 
the growth, development, and survival of fish and invertebrates (Johnson & Jones 2000; Welsh 
et al. 2005), and creating thermal barriers that restrict the movement of migrating fish (Madej 
et al. 2006). Timber harvest can restrict the recruitment of large woody debris, reducing the 
cover and structural complexity of instream habitats (Bottorff & Knight 1996). Increased 
erosion and debris slides can also occur, depending on the slope, soil, and type of logging that 
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takes place; typically, these are higher on private lands compared to areas managed by the 
Forest Service (Amaranthus et al. 1985). As eroded fine sediments enter streams, turbidity 
increases and light levels decrease (Bottorff & Knight 1996), reducing primary productivity, algal 
diversity, and food supplies for invertebrates (Ryan 1991). Invertebrates living on the substrate 
may also be disturbed or buried by increased sediment (Ryan 1991). 
 
Tree removal can also modify the hydrologic regime by increasing water yield where vegetation 
is removed, reducing evapotranspiration and increasing the amount of water available for 
runoff and groundwater recharge (Keppeler & Ziemer 1990; Bottorff & Knight 1996; Troendle et 
al. 2010). However, water yield increases are often temporary, depending on tree size, health, 
root depth, and whether continued thinning is used to manage dense new growth (Keppeler & 
Ziemer 1990; Stubblefield et al. 2017). Some types of timber harvest can also benefit forests by 
reducing the fuel buildup in overstocked forests due to fire suppression, allowing a potential 
shift back towards more natural fire regimes (Troendle et al. 2010). 
 
Livestock grazing 
Livestock congregating near water have caused damage to approximately 80% of stream and 
riparian ecosystems in the western U.S. (Belsky et al. 1999). Livestock seek streambanks for 
shade, cooler temperatures, water, and foraging areas, potentially causing direct and indirect 
habitat degradation (Campbell & Allen-Diaz 1997). Cattle can trample and overgraze 
streambanks, eroding soil, causing streambank instability, and decreasing water quality (Belsky 
et al. 1999). As streambank plants are grazed, their ability to slow the downhill flow of 
rainwater and promote soil infiltration is reduced, particularly where soil has been compacted 
by livestock hooves; that process can increase erosion and alter stream channels where the 
amount and velocity of surface runoff is increased (Trimble & Mendel 1995). Overhanging 
banks may collapse in trampled and/or overgrazed areas, which, in conjunction with 
streambank erosion, increases sediment flow into streams (Kauffman et al. 1983; Armour et al. 
1991). Finally, the loss of riparian vegetation can also impact fish habitat by increasing solar 
radiation that reaches the water, raising water temperatures (Armour et al. 1991). Reductions 
in habitat quality associated with livestock grazing can decrease the biomass and abundance of 
fish and invertebrates within the system, resulting in population declines or possible local 
extirpation (Armour et al. 1991; Belsky et al. 1999). However, careful management of grazing 
intensity and extent can avoid many of these negative impacts (Vuln. Assessment Reviewer, 
pers. comm., 2018). 

 

Adaptive Capacity 

Rivers, streams, and floodplains were evaluated by regional experts as having moderate overall 
adaptive capacity (high confidence in evaluation). 
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Habitat extent, integrity, continuity, and permeability 

Regional experts evaluated rivers, streams, and floodplains as having a high geographic extent 
(high confidence in evaluation), low-moderate structural and functional integrity (high 
confidence), and high continuity (high confidence).  
 
Landscape permeability for rivers, streams, and floodplains was evaluated as low-moderate 
(high confidence). Large dams, water diversions, agriculture, and roads/highways/trails were 
identified as the primary barriers to habitat continuity and dispersal across the study region.6 
Geologic features, such as steep topography, can also act as a barrier to a lesser degree by 
restricting the size of the watershed (Vuln. Assessment Workshop, pers. comm., 2017). 
However, there is abundant floodplain area that supports steelhead (O. mykiss) and salmon 
that cannot live in steep habitats (Vuln. Assessment Reviewer, pers. comm., 2018). 
 
The majority of California’s 3,200 km (2,000 mi) of wild and scenic rivers are concentrated in 
northern California (USFWS 2017). However, the integrity and continuity of rivers and streams 
have been impacted by several large dams, which cause short- and long-term degradation to 
these habitats by altering flow regimes, water temperature, erosion/sedimentation processes, 
and wildlife dispersal and migration (Power et al. 1996; Poff & Hart 2002; Beechie et al. 2010; 
Kupferberg et al. 2012). Roads and associated culverts also block the passage of aquatic 
organisms, as well as sediment and debris (Gucinski et al. 2001). Reaches with high water 
temperatures due to habitat degradation (water withdrawals, riparian vegetation removal) may 
act as thermal barriers to anadromous fish, prohibiting species movement along the length of 
the river (Madej et al. 2006).  
 
Over the past century, large areas of floodplains and riparian habitat have been disconnected 
from mainstem rivers by water diversions, flood control structures (e.g., dikes and levees), 
stream channelization, and agricultural use (Tockner & Stanford 2002; Opperman et al. 2009, 
2010), limiting fish access to key aquatic habitat (Moyle et al. 2007). The legacy of past mining 
activity has also impacted floodplains in some areas (e.g., Salmon River, Trinity River), due to 
both the direct disconnection of stream channels and floodplains as well as large piles of mining 
tailings left behind that prevent natural recovery of the system (Vulnerability Assessment 
Reviewer, pers. comm., 2018). 
 

Habitat diversity 

Regional experts evaluated rivers, streams, and floodplains as having moderate physical and 
topographical diversity (moderate confidence in evaluation), moderate component species 
diversity (high confidence), and low-moderate functional diversity (low confidence). 
 
The physical habitat of rivers and streams is formed by structural features composed of various 
sediment sizes, woody debris, and other materials transported by flow, as well as geomorphic 
features such as channel, bank, and floodplain morphology (Poff et al. 1997). Over time, a single 

 
6 Barriers presented are those ranked as having a moderate or higher impact on this habitat type. 
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river can shift between ephemeral, seasonal, and persistent habitats that vary in depth and 
flow of water (Poff et al. 1997). This hydrologic variability has contributed to the evolution of 
species who can survive and thrive in these habitats (Poff et al. 1997). 
 
Floodplains connected to rivers and streams provide aquatic organisms with refugia when flow 
within the mainstem becomes too fast-moving or turbid (Sommer et al. 2001b). Floodplains are 
highly productive, and are often selected by young salmon and steelhead (Sommer et al. 
2001b). Studies have demonstrated that fish reared in floodplains have higher rates of growth 
and survival than those reared in the main river channel (Sommer et al. 2001b; Jeffres et al. 
2008). 
 
Important species found in the rivers and streams of northern California include Chinook 
salmon, coho salmon (O. kisutch), steelhead trout, cutthroat trout (O. clarkii), Pacific lamprey, 
green sturgeon, white sturgeon (A. transmontanus), and freshwater mussels such as the 
western pearlshell (Margaritifera falcate; Howard & Cuffey 2003; Barr et al. 2010; Power et al. 
2015). Rivers and streams also support amphibians such as foothill yellow-legged frogs, 
California red-legged frogs, tailed frogs (Ascaphus truei), Pacific giant salamanders, and 
southern torrent salamanders (Rhyacotriton variegatus; Welsh & Ollivier 1998; Kupferberg et 
al. 2012). 
 
Both salmonids and lamprey are considered keystone species within rivers and streams due to 
their historically high biomass and role in nutrient cycling (Vuln. Assessment Workshop, pers. 
comm., 2017). The structural habitat within rivers and streams is important for salmon because 
they rely on gravel to form redds, and woody debris for habitat complexity (Barr et al. 2010); 
Pacific lamprey require fine sediment for their longest life stage, which can last up to seven 
years (Luzier et al. 2011). Within rivers and streams, native fish are particularly sensitive to the 
effects of climate change, including changes in streamflow and temperature, as well as 
increased erosion and sedimentation (Barr et al. 2010).  
 

Resistance and recovery 

Regional experts evaluated rivers, streams, and floodplains as having low-moderate resistance 
to climate stressors and natural disturbance regimes (moderate confidence in evaluation). 
Recovery potential was evaluated as moderate (moderate confidence). 
 
Rivers and streams are dynamic, and are adapted to a variety of disturbance types from which 
they can recover under natural conditions (Gasith & Resh 1999; Minshall 2003). However, 
heavily degraded streams may have difficulty recovering from a combination of climatic and 
non-climatic stressors (Hunsaker et al. 2014). Degraded rivers and streams are particularly at 
risk from climatic changes that impact hydrology, such as changing precipitation patterns, 
increasing temperatures, and decreasing winter snowpack (Mote 2003; Mote et al. 2005; Barr 
et al. 2010). 
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Floodplain connectivity and functionality has been reduced in many areas where floodplains 
have been separated from rivers by levees or embankments, or developed to accommodate a 
growing human population (Tockner & Stanford 2002). Floodplains are, by nature, highly 
ecologically resistant and resilient; however, due in part to their ecological diversity, these 
habitats are slow to show the severity to which they have been impacted, which may leave 
them prone to sudden collapse (Tockner & Stanford 2002). 
 
Disturbance regimes that are seasonally predictable in rivers and streams (e.g., flooding, 
drought) have allowed some organisms to adopt responses that increase resilience (Gasith & 
Resh 1999). Generally, invertebrates and other short-lived organisms have brief life cycles and 
high reproduction rates, increasing their potential for population recovery following 
disturbances; fish and other longer-lived organisms are often able to respond with behavioral, 
morphological, and physiological adaptations (Gasith & Resh 1999). 
 
Some rivers in northern California are demonstrating recovery from past stressors. The Eel 
River, as well as others near the coast, are showing signs of riparian forest regrowth after heavy 
logging that took place between 1950 and 1970, as well as the large floods of 1955 and 1964 
(Power et al. 2015); this regrowth has helped to increase habitat complexity that benefits 
salmonids (Yoshiyama & Moyle 2010). Well-timed releases from nearby reservoirs have also 
aided the river’s recovery (Power et al. 2015). 
 

Management potential 

Public and societal value 
Regional experts evaluated rivers, streams, and floodplains as having high public and societal 
value (high confidence in evaluation).  
 
Societal support for conservation and management of rivers, streams, and floodplains is strong 
due to active constituency groups, which include user groups (e.g., fishermen), state/federal 
governments, non-governmental organizations, and tribes (Vuln. Assessment Workshop, pers. 
comm., 2017). Additionally, environmental laws such as the Clean Water Act have resulted in 
management changes that have helped restore and/or maintain ecological integrity within the 
system by limiting sediment and pollutant loading, protecting riparian habitats, and reducing 
water withdrawals (Power et al. 2016). Special designations, such as wild and scenic rivers, 
riparian reserves, and wilderness areas, can also limit protect sensitive aquatic systems and 
associated riparian areas on federal lands (Long et al. 2018). However, restrictions associated 
with these protections can limit tribal access to culturally-significant sites, valued resources, 
and traditional practices, including the maintenance of traditional harvesting and burning 
practices that help maintain habitat integrity (Long et al. 2018). 
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Management capacity and ability to alleviate impacts7 
Regional experts evaluated the potential for reducing climate impacts on rivers, streams, and 
floodplains as low-moderate (high confidence in evaluation). Regional experts identified use 
conflicts and/or competing interests as ubiquitous and universal, and these conflicts serve as a 
primary barrier to alleviating the impacts of stressors (Vuln. Assessment Workshop, pers. 
comm., 2017). Under future climate conditions, competition for water resources will likely 
increase (Power et al. 2016). 
 
Because rivers, streams, and floodplains are naturally dynamic habitats, management practices 
that enhance the structural and functional integrity of aquatic systems are more likely to 
recover from disturbances under changing climate conditions. These include:  

• Reducing water withdrawals to increase streamflow, especially in summer months and 
during periods of drought (Klein et al. 2017); 

• Restoring variable flow regimes in areas impacted by dams and water diversions, either 
by operating dams to mimic seasonal flow variability (Medellín-Azuara et al. 2007; Poff 
& Zimmerman 2010; Kupferberg et al. 2012) or by removing dams altogether (though 
this needs to be undertaken with caution; Poff & Hart 2002); 

• Restoring incised stream channels, which generally increases habitat complexity, 
increases groundwater elevation and baseflow (Hunt et al. 2018), and can reduce water 
temperature (Justice et al. 2017); 

• Restoring floodplain function and reconnecting floodplains with mainstem rivers 
(Opperman et al. 2009), which reintroduces periodic flooding to provide seasonal 
habitat for native fish, among other benefits (Sommer et al. 2001a; Moyle et al. 2007; 
Beechie et al. 2013; Howitt et al. 2013); 

• Reintroducing beavers and/or creating Beaver Dam Analogs, which can increase water 
storage, increase pool depth, and allow natural sediment sorting that restores incised 
stream channels and reconnects floodplains (Collen & Gibson 2000; Pollock et al. 2014, 
2015; Baldwin 2015); 

• Riparian restoration (e.g., protection, revegetation), which reduces water temperature 
by shading stream channels (Bond et al. 2015; Johnson & Wilby 2015; Woltemade & 
Hawkins 2016; Justice et al. 2017) and provides wildlife habitat (Gardali et al. 2006; 
Seavy et al. 2009); 

• Selective timber harvest of small to mid-size trees in riparian areas, which could reduce 
water use without resulting in the dense young growth that would occur in larger 
canopy gaps (Stubblefield et al. 2017);  

• Protecting high-elevation streams that may be more resistant to the effects of climate 
stressors, potentially acting as coldwater refugia (Isaak et al. 2016); and 

• Utilizing prescribed fire and/or cultural burning to maintain native species richness and 
diversity and reduce risk of more severe fires by removing potential fuels (see Table 2; 
Agee & Skinner 2005; Hankins 2013; Norgaard et al. 2016; Karuk Tribe 2019). 

 

 
7 Further information on climate adaptation strategies and actions for northern California can be found on the 
project page (https://bit.ly/31AUGs5). 

https://bit.ly/31AUGs5


 

Climate change vulnerability assessment for the Northern California Climate Adaptation Project. 
Copyright EcoAdapt 2019 

29 

Table 2. Effects of prescribed fire on rivers and streams across time (table adapted from Norgaard et al. 
2016). Cultural burning practices, in particular, have played a role in maintaining these habitats on the 
landscape over very long time scales. 

Immediate 2-Year Long Term 

• Reduced water temperatures 
due to shading from smoke 

• Reduced evapotranspiration, 
which increases streamflow 

• Increased supply of gravel and 
woody debris, which enriches 
salmon habitat 

• Increased system productivity 
due to release of nutrients 
into the food chain 

• Reduction in brush, resulting 
in greater water availability  

• Maintenance of forest mosaic 
that provides flood protection 

• Increased riverine habitat 
complexity, which is 
associated with forest 
complexity 

• Reduced risk of negative 
impacts from high-severity fire 

Source(s): Minshall 2003; Lake 2007; Tague et al. 2009; Arkle & Pilliod 2010; Norgaard et al. 2016; David 
et al. 2018; Karuk Tribe 2019 

 
For management to be effective under changing climate conditions, it is critical to consider the 
functional relationships among rivers, streams, floodplains, and riparian areas (Seavy et al. 
2009; Capon et al. 2013). For instance, the North Coast Regional Water Quality Control Board is 
working to address water temperature and sedimentation in streams that drain to the coast by 
considering the role of riparian and floodplain area conditions in maintaining instream water 
quality (C. Roberts, pers. comm., 2017). In the Central Valley, fisheries habitat assessments for 
the Sacramento River are incorporating “shaded riverine aquatic” habitats into project 
planning; within these side channels and floodplains, dense vegetation shades the channel, 
cooling the water, providing coarse woody debris to increase habitat heterogeneity, and 
providing organic matter to support the aquatic food chain (C. Roberts, pers. comm., 2017). 
 

Ecosystem services 
Rivers, streams, and floodplains provide a variety of ecosystem services, including: 

• Provisioning of food, natural medicines, and fresh water; 

• Regulation of flood/erosion control (by well-functioning floodplains), water purification, 
disease regulation for fish, and natural hazards;  

• Support of primary production, floodplain soil retention, and nutrient cycling (i.e., as 
salmon deliver marine-derived nutrients to inland habitats); and 

• Cultural/tribal uses for traditional foods, spiritual/religious purposes, traditional 
knowledge systems, educational values, aesthetic values, social relations, sense of 
place, cultural heritage, inspiration, and recreation (Vuln. Assessment Workshop, pers. 
comm., 2017). 
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Further information on the Northern California Climate Adaptation Project is available on the 
project website (https://tinyurl.com/NorCalAdaptation).  
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Northern California Climate Adaptation Project: 

Vulnerability Assessment Methods and Application 

 

Defining Terms 

Exposure: A measure of how much of a change in climate or climate-driven factors a resource is 
likely to experience (Glick et al. 2011). 

Sensitivity: A measure of whether and how a resource is likely to be affected by a given change 
in climate or factors driven by climate (Glick et al. 2011). 

Adaptive Capacity: The ability of a resource to accommodate or cope with climate change 
impacts with minimal disruption (Glick et al. 2011). 

Vulnerability: A function of the sensitivity of a particular resource to climate changes, its 
exposure to those changes, and its capacity to adapt to those changes (IPCC 2007). 

 

Vulnerability Assessment Model 

The vulnerability assessment model applied in this process was developed by EcoAdapt 
(EcoAdapt 2014a; EcoAdapt 2014b; Kershner 2014; Hutto et al. 2015; Gregg 2018),8 and 
includes evaluations of relative vulnerability by local and regional stakeholders who have 
detailed knowledge about and/or expertise in the ecology, management, and threats to focal 
habitats, species groups, individual species, and the ecosystem services that these resources 
provide. Stakeholders evaluated vulnerability for each resource by discussing and answering a 
series of questions for sensitivity and adaptive capacity. Exposure was evaluated by EcoAdapt 
using projected future climate changes from the scientific literature. Each vulnerability 
component (i.e., sensitivity, adaptive capacity, and exposure) was divided into specific 
elements. For example, habitats included three elements for assessing sensitivity and six 
elements for adaptive capacity. Elements for each vulnerability component are described in 
more detail below.  
 
In-person workshops were held in Eureka, Redding, and Upper Lake between May and October 
2017. Participants self-selected habitat and species group/species breakout groups and 
evaluated the vulnerability of each resource. Participants were first asked to describe the 
habitat and/or to list the species to be considered in the evaluation of an overarching species 
group. Due to limitations in workshop time and participant expertise, multiple resources were 
not assessed during these engagements. Evaluations for remaining habitats, species groups, 
and species were completed by contacting resource experts.9 

 
8 Sensitivity and adaptive capacity elements were informed by Lawler 2010, Glick et al. 2011, and Manomet Center 
for Conservation Sciences 2012. 
9 Resources evaluated by experts included: coastal bluff/scrub habitats, coastal conifer hardwood forest, true fir 
forest, lakes/ponds, freshwater marshes, vernal pools, seeps/springs, native insect pollinators, native ungulates, 
salamanders, frogs, native mussels, marbled murrelet, and northwestern pond turtle. 
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Stakeholders assigned one of five rankings (High, Moderate-High, Moderate, Low-Moderate, or 
Low) for sensitivity and adaptive capacity. EcoAdapt assigned rankings for projected future 
climate exposure. Rankings for each component were then converted into scores (High-5, 
Moderate-High-4, Moderate-3, Low-Moderate-2, or Low-1), and the scores were averaged 
(mean) to generate an overall score. For example, scores for each element of habitat sensitivity 
were averaged to generate an overall habitat sensitivity score. Scores for exposure were 
weighted less than scores for sensitivity and adaptive capacity because the uncertainty about 
the magnitude and rate of future change is greater. Sensitivity, adaptive capacity, and exposure 
scores were combined into an overall vulnerability score calculated as: 
 
 Vulnerability = [(Climate Exposure*0.5) x Sensitivity] - Adaptive Capacity 
 
Elements for each component of vulnerability were also assigned one of three confidence 
rankings (High, Moderate, or Low). Confidence rankings were converted into scores (High-3, 
Moderate-2, or Low-1) and the scores averaged (mean) to generate an overall confidence 
score. These approximate confidence levels were based on the Manomet Center for 
Conservation Sciences (2012) 3-category scale, which collapsed the 5-category scale developed 
by Moss and Schneider (2000) for the IPCC Third Assessment Report. The vulnerability 
assessment model applied here assesses the confidence associated with individual element 
rankings and, from these rankings, estimates the overall level of confidence for each 
component of vulnerability and then for overall vulnerability. 
 
Stakeholders and decision-makers can consider the rankings and scores presented as measures 
of relative vulnerability and confidence to compare the level of vulnerability among the focal 
resources evaluated in this project. Elements that received lower confidence rankings indicate 
knowledge gaps that applied scientific research could help address. 
 

Vulnerability Assessment Model Elements 

Sensitivity & Exposure (Applies to Habitats, Species Groups, Species) 

• Climate and Climate-Driven Factors: e.g., air temperature, precipitation, freshwater 
temperature, soil moisture, snowpack, extreme events: drought, altered streamflows, 
etc. 

• Disturbance Regimes: e.g., wildfire, flooding, drought, insect and disease outbreaks, 
wind 

• Future Climate Exposure: e.g., consideration of projected future climate changes (e.g., 
temperature and precipitation) as well as climate-driven changes (e.g., altered fire 
regimes, altered water flow regimes, shifts in vegetation types) 

• Stressors Not Related to Climate: e.g., tectonic and volcanic events; residential or 
commercial development; agriculture and/or aquaculture; roads, highways, trails; dams 
and water diversions; invasive and other problematic species; livestock grazing; fire 
suppression; timber harvest; mining; etc. 
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Sensitivity & Exposure (Applies to Species Groups and Species) 

• Dependencies: e.g., dependencies on sensitive habitats, specific prey or forage species, 
and the timing of the appearance of these prey and forage species (concern for 
mismatch) 

Sensitivity & Exposure (Applies to Species ONLY) 

• Life History: e.g., species reproductive strategy, average length of time to reproductive 
maturity 

 

Adaptive Capacity (Applies to Habitats, Species Groups, Species) 

• Extent, Integrity, and Continuity/Connectivity: e.g., resources that are widespread vs. 
limited, structural and functional integrity (e.g., degraded or pristine) of a habitat or 
health and functional integrity of species (e.g., endangered), isolated vs. continuous 
distribution 

• Landscape Permeability: e.g., barriers to dispersal and/or continuity (e.g., land-use 
conversion, energy production, roads, timber harvest, etc.) 

• Resistance and Recovery: e.g., resistance refers to the stasis of a resource in the face of 
change, recovery refers to the ability to “bounce back” more quickly from the impact of 
stressors once they occur  

• Management Potential: e.g., ability to alter the adaptive capacity and resilience of a 
resource to climatic and non-climate stressors (societal value, ability to alleviate 
impacts, capacity to cope with impacts) 

• Ecosystem Services: e.g., provisioning, regulating, supporting, and/or cultural services 
that a resource produces for human well-being 

 

Adaptive Capacity (Applies to Habitats ONLY) 

• Habitat Diversity: e.g., diversity of physical/topographical characteristics, component 
native species and functional groups 

•  

Adaptive Capacity (Applies to Species Groups, Species) 

• Dispersal Ability: i.e., ability of a species to shift its distribution across the landscape as 
the climate changes 

• Intraspecific/Life History Diversity: e.g., life history diversity, genetic diversity, 
phenotypic and behavioral plasticity 
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