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Chapter 9: Climate Change 
Vulnerability Assessment 

9.1 Introduction 
The fire and sediment modeling conducted as part of this analysis rely on historic datasets of local 
climate and fire behavior. However, there is significant regional, national, and global evidence that 
recent historic climatic conditions may not be representative of climate conditions in the next 
century as a result of greenhouse gas (GHG) emissions leading to rapidly increasing atmospheric 
CO2 levels (ICLEI 2007). Future climatic conditions depend heavily on future GHG emissions, 
which are unknown, and therefore the associated impacts are difficult to predict. The observed 
fluctuations in both fire behavior and climate patterns over the past decade suggest that climate 
change has already begun, and the effects felt to date are likely the beginning of greater impacts to 
come. 

Appropriate forest management is a decadal process and planning today’s management strategies 
based on estimated stand conditions is critical to success. This, in combination with a need to 
better understand the impacts of climate change on ecosystem services and our ability to minimize 
those impacts, led us to perform a climate change vulnerability assessment for the Mokelumne 
watershed. The assessment relies on a compilation and review of scientific literature and an 
analysis of the available climate change projection data relevant to the area. The climatic and 
hydrologic changes are then applied to a collection of potential climate change impacts to 
determine where a fuel treatment program would be most effective. The assessment process we 
used is based on the ICLEI (2007) Climate Change Guide for Local Governments. 

Future climatic forecasts are the result of anticipated changes in atmospheric conditions that result 
from GHG emissions scenarios. These scenarios are used in a suite of Global Circulation Models 
(GCMs), two of which we focus on in this chapter: the Parallel Climate Model (PCM) and the 
Geophysical Fluid Dynamics Laboratory (GFDL) Model. Hydrologic variables are projected to 
change in the future as a result of the combined changes in air temperature and precipitation 
patterns. A series of expected climate change impacts that realistically may be mitigated by fuel 
treatments in the Mokelumne watershed were the focus of this analysis, based on the compilation 
of available local and regional scientific literature.  

The projected changes in climate and hydrologic variables are defined in Table 9.6 and Table 9.7, 
along with a relative confidence rank, supporting evidence, and descriptions of seasonal and 
spatial patterns, as applicable. The specified confidence level for climate and hydrologic variables is 
based on agreement between climate model outputs via analysis of climate change projection data 
available for the Mokelumne region (data available at www.caladapt.org) and an assessment of 
climate change studies published in the scientific literature. A series of expected climate change 
impacts relevant to forest, grassland, riparian, and infrastructure were identified from regional 
studies, with a focus on impacts for which an effective fuel treatments program could reduce the 
frequency and severity. Some climate change impact information relevant to the Mokelumne 
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watershed was not available or accessible within the scope of this research, so we provide a relative 
measure of confidence for each vulnerability determination based on the criteria described in 
Table 9.1. A comprehensive list of references for this vulnerability analysis is provided at the end 
of the chapter. 

9.2 Vulnerability Assessment Methods 
Vulnerability is determined by reviewing current conditions, stressors, and the likely extent and 
magnitude of impacts in the region, and is based on the Integrated Regional Water Management 
(IRWM) checklist (DWR 2011). Climate change impact projections are often based on detailed 
numeric models of complex systems that use climate projections as inputs (e.g., hydrologic, 
ecologic, vegetation, fire). These impacts are combined with regional climate projection data and 
local information (e.g., topography, land use, crop values, water supply source, water quality) to 
form the basis for determining sensitivity and adaptive capacity. In turn, sensitivity and adaptive 
capacity are used to define vulnerability. Determining the sensitivity, adaptive capacity, and 
therefore the vulnerability of a natural system component requires a degree of subjectivity largely 
based on the availability of relevant literature and an understanding of cause and effect processes 
as they pertain to future conditions. To minimize the degree of subjectivity, we used a relative scale 
(from low to high) and a standardized assessment process that provides reasonable precision and 
accuracy. The steps taken to complete the vulnerability assessment are described generally in the 
sections below. 

9.3 Climate Change Projections and Emissions Scenarios 
Climate science and modeling have historically been limited to global estimations due to the 
complexities involved with smaller scale estimations. More recently, as understanding of the earth’s 
climate has increased and computer power has advanced, both the science and the models have 
been applied at smaller, regional scales (e.g., Northern California). There are numerous widely 
accepted global climate models, each of which focuses on specific physical and chemical processes 
and interactions that drive climate patterns. Therefore, climate scientists must use multiple models 
to evaluate the full range of potential future climate patterns and trends, since there is a large 
amount of uncertainty in our ability to model complex and dynamic systems.  

For this assessment, projections of climate and hydrologic changes were drawn from the scientific 
literature and researched using a suite of different climate models, including the PCM and GFDL 
models. Climate projections were downscaled by independent studies to better represent future 
conditions in California and specific regions within the state, including the Mokelumne 
watershed. The ability to zoom in on California and the Mokelumne watershed was achieved by 
using Bias Correction and Special Downscaling (BCSD) in several models through emissions 
scenarios developed by the California Energy Commission (available at www.caladapt.org). 

Projections of climate and hydrology changes by global climate models are very sensitive to the 
future carbon- and/or GHG-emissions scenarios used. Emissions scenarios are plausible estimates 
of GHG concentrations in the atmosphere at various future years, based on assumptions about 
future population growth and economic development. The two most commonly used emissions 
scenarios are the A2 and B1 scenarios, which are widely accepted as the reasonable range of 
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potential future emissions. Scenario A2 assumes that our society will make only minor changes to 
our current technologies and practices and that GHG emissions will continue to increase at the 
current rate, leading to an exponential increase in emissions over the next 100 years. B1 assumes a 
significant global reduction in worldwide GHG emissions, with global carbon emission rates 
peaking around 2050 and then declining back to the rates of the 1970s. For the majority of 
references cited in this analysis, the A2 and B1 emissions scenarios are used to bracket the high 
and low projections. It is possible that our true future emissions will fall somewhere in between 
these projections. 

Climatic model results are expressed through three different measures: the shift in certain climate 
variables (e.g., mean annual precipitation) over decadal time scales, changes in spatial patterns 
(e.g., where precipitation falls across a region), and extreme-event changes (e.g., size and frequency). 
Changes in climate outcomes are determined by factors such as their mean and their variance, 
which are reported in Table 9.6 and Table 9.7. To estimate future changes in the hydrologic cycle 
due to climate change, we used the accepted methodology of pairing a hydrologic model with the 
GCMs, the results of which are reported in Table 9.7. Because of the inherent uncertainty of 
predicting the future, our climate model outputs have a range of uncertainty and we provide a 
measure of confidence associated with each projection in Table 9.1. Figure 9.1 compares recent 
and predicted air temperatures, according to the A2 and B1 scenarios. 

Table 9.1: Climate change projections confidence ranking definitions 

Confidence 
ranking 

Description 

High General agreement of modeling studies has led to consensus in the scientific 
literature. Available information is directly relevant and applicable to local 
systems. 

Moderate 
Scientifically supported but consensus is not present due to lack of information, 
moderate differences between studies, or limitations for drawing general 
conclusions from limited scientific information. Accessibility or application of 
information to local systems may be somewhat limited. 

Low Limited information or conflicting results between studies, model outputs, or 
research findings. Accessibility or application of information to local systems is 
very limited. 

9.4 Identifying Impacts 
After reviewing the available local and regional scientific literature, we focused on climate change 
impacts that are both available and relevant to our goal of identifying the potential results of an 
effective fuel treatments program. These impacts, listed in Table 9.6, Table 9.7, and Table 9.8, 
are not comprehensive but instead focus solely on wildfire and erosion events.  

For the purposes of this chapter, impacts are defined as changes to the condition, function, or 
structure of natural and human systems in the Mokelumne watershed that result from climate 
change. Many impacts have already been detected on global and local scales and are expected to 
continue (Moser et al., 2009). The studies that identify potential impacts of climate change often 
use the same historic climatic data sets cited in the reporting of climate change projections in 
Table 9.6, thus supporting the linkages between climate, hydrology, and system impacts delineated 
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in Table 9.6, Table 9.7, and Table 9.8.

9.4.1 Sensitivity 

Sensitivity is the degree to which system components (e.g., wildfire regimes, salmonid populations, 
stormwater conveyance) change due to climate conditions (e.g., temperature and precipitation) or 
system impacts (e.g., stream temperature increases or snowmelt timing changes). If a system 
component will be significantly affected by future climate conditions, it is considered to be highly 
sensitive. Table 9.2 presents the definitions of the sensitivity scale. Factors considered when 
determining the degrees of sensitivity include:  

• The impact’s degree of exposure to climate change. For example, coastal areas are more
exposed to sea-level-rise-related impacts compared to inland areas.

• The existing stressors in the system beyond climate change, and whether future climatic
conditions would exacerbate these stressors. For example, the degree of urban encroachment
on forests may be a stressor that promotes greater frequency of wildfire ignitions.

• Resources that may become increasingly limited, either through increased demand or reduced
supply, due to climate change.

• Physical and environmental barriers that may limit the ability of a species to adapt. For
example, an alpine tree’s ability to adjust to warmer temperatures can be limited by elevation if
it currently exists at a high elevation.

Table 9.2: Scoring definitions for sensitivity to climate change impacts 

Sensitivity Definition 

High System components are expected to respond measurably to an impact 
based on historical observations or modeling studies. 

Moderate 

The response of system components to an impact has not necessarily 
been measured, but based on our understanding of system function 
there are likely to be direct or indirect responses and it is reasonable to 
assume that the sensitivity is not low. 

Low System components not measurably affected by impacts and will likely 
not be affected by climate change. 

9.4.2 Adaptive capacity 

As described above, evaluating the adaptive capacity of a system is the second component to 
understanding the degree to which it can withstand climate change. Adaptive capacities for both 
natural and human systems were assessed for this analysis. To understand the adaptive capacity of 
natural systems, we assessed the intrinsic ability of system components to adapt without any 
human intervention, such as policy or management action changes. For assessment of 
human/economic systems, adaptive capacity assessment can include the timeframe and cost 
associated with actions to increase the ability to withstand climate change. In determining how 
adaptive a system is to climate change, the following elements are considered: 
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• Current level of stressors and flexibility to respond to future stressors. Has the system
component adapted to historic climatic changes or inclement conditions?

• Are there any barriers (legal, physical, biological) to the system’s ability to adjust in response to
climate change?

• Can the system adapt quickly enough to survive the climate change expected over the next
century?

• Are efforts currently underway that would increase adaptability (e.g., water conservation)?

Table 9.3: Scoring definitions for adaptive capacity to climate change impacts 

Adaptabil i ty Definit ion 

High System components are expected to accommodate climate changes. 

Moderate 
The system has some capacity to adjust and the degree of negative 
consequences will depend on the magnitude of individual and cumulative 
impacts. 

Low The system has little or no capacity to accommodate change. 

9.4.3 Vulnerability 

Vulnerability is a system component’s susceptibility to harmful impacts due to climate change. The 
vulnerability of systems to specific climate change impacts is determined by combining sensitivity 
and adaptive capacity (see Table 9.4). System components that have high sensitivity to climate 
changes and a low capacity to adapt are considered to be highly vulnerable to climate change. A 
system component that is not sensitive to climate change but has a low ability to adapt is 
considered moderately vulnerable. A highly sensitive impact with a high adaptive capacity suggests 
that an effective fuel treatment could reduce the associated impacts to upland and riparian 
habitats.  

Table 9.4: Vulnerability ranking matrix 

Adaptive capacity 

Sensitivity 

High Moderate Low 

High Moderate Low Low 

Moderate High Moderate Low 

Low High High Moderate 

The vulnerability scores for each impact are limited by the available science and the body of 
information used to score sensitivity and adaptive capacity. The determinations for sensitivity and 
adaptive capacity include subjective evaluations and depend on the perspective by the evaluator. 
Therefore, our confidence in the vulnerability of each impact is also provided to put bounds on 
the strength of the conclusions as defined in Table 9.5.  
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Table 9.5: Scoring definitions for confidence of vulnerability 

Confidence 
ranking Description 

High 

General scientific agreement on the vulnerability score; the evaluation is 
supported by a breadth of monitoring data, modeling results, research, or best 
available scientific information. Available information is directly relevant and 
applicable to local systems. 

Moderate 
Scientifically supported but consensus or agreement is not present due to a lack 
of information and/or moderate differences between studies. Accessibility or 
application of information to local systems may be somewhat limited. 

Low 
Limited information or conflicting results between studies, model outputs, expert 
opinions, and/or research findings. Accessibility or application of information to 
local systems is very limited. 
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Table 9.6: Projected changes for selected climate variables in the Mokelumne watershed 

Climate 
variable 
(30 yr.  
intervals) 

Projected 
change by 
2100 

Confidence 
ranking Support ing evidence Seasonal and spatial  patterns 

Average annual 
air temperatures 

Expected to 
increase 2.5-
7.5oC above 
historic reference 
period of 1971-
2000 

High 

Projections generally show agreement between 
models (data downloaded from Caladapt 2013) and 
are consistent with statewide projections (Cayan et 
al. 2009). Temperature ranges correspond to 
different emissions scenarios and locations within 
the watershed. 

Projections indicate longer summers with increases of 3-
9oC. Winter temperature increases are projected to be 
slightly lower at 2-6oC (Cayan et al. 2009). 

Air temperature 
variability 

Expected 20-30% 
larger standard 
deviation than the 
historic reference 
period of 1971-
2000 

High 

Projections generally show agreement between 
models (data downloaded from Caladapt 2013) and 
are generally consistent with statewide projections 
(Cayan et al. 2009). 

Increases are projected in the frequency, magnitude, and 
duration of heat waves (temperature that exceeds 95th 
percentile of region’s historic record). Typically, heat waves 
occur in July and August, but as temperatures increase over 
time, heat waves are expected to occur in fall and spring 
months with greater frequency (Cayan et al. 2009). 

Annual 
precipitation 
totals 

Direction of 
change 
undetermined 

Low 

Climate models disagree on the directional impact of 
climate change on precipitation (Caladapt 2011). 
PCM climate models generally suggest higher annual 
precipitation, while GFCL models indicate less 
rainfall, with disagreement on which months are 
responsible for annual precipitation increases 
(Cayan et al. 2009; Thorne et al. 2012). 

Total annual precipitation changes cannot be determined; 
however, models project less precipitation in the fall and 
spring, meaning a majority of the precipitation will be 
delivered over a shortened winter season (Cayan et al. 
2009; Thorne et al. 2012). Summers are predicted to be 
longer and drier, while peak annual precipitation appears to 
shift from January to February (Flint and Flint 2012). 

Precipitation 
variability 

Direction of 
change 
undetermined 

Low 

Climate models disagree on the direction of change. 
Models indicate a high degree of inter-seasonal 
variability, not significantly different than the 
historical record and without a consistent trend for 
the next 100 years. 

Models agree the wet season, when the predominant 
amount of rainfall occurs, will be shortened. Some models 
indicate a decrease in the annual storm count but an 
increase in the amount of precipitation delivered per storm 
(Cayan et al. 2009). Potential increase in the number of 
storms as well as above average rainfall has been predicted 
for elsewhere in the state (Flint and Flint 2012). Different 
climate models and scenarios consistently show reductions 
in May precipitation totals in the Mokelumne (data 
downloaded from CalAdapt 2013). 
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Table 9.7: Projected changes for selected hydrologic variables of the Mokelumne watershed 

Hydrologic 
variable 
(30 yr.  intervals) 

Projected 
change by 
2100 

Confidence 
ranking Support ing evidence Seasonal and spatial  patterns 

Drought 

Approximately 
50% increase in 
frequency of 
occurrence 

High 

Climate models agree that precipitation will be 
highly variable and that a drying trend is 
anticipated mid-century, resulting in vulnerability to 
drought (Cayan et al. 2012). 

Future projections indicate an increase in frequency of 
drought; GFDL-A2 models estimate that there will be 6 
droughts over the next 70 years, followed by a multi-
decadal drought at the end of the century. PCM-A2 
models suggest 8 droughts over the next 90 years (Flint 
and Flint 2012). 

Potential 
evapotranspiration 
(PET) 

Increase 
(25-70 mm) 
above historic 
reference period 
of 1971-2000 

High 

Warming average temperatures suggest increases 
in annual PET. Statewide models agree in the 
increasing change of direction in PET (Thorne et al. 
2012). 

Largest changes are projected during summer months 
(Thorne et al. 2012). 

Groundwater 
recharge 

Decrease 
(6-140 mm) 
below historic 
reference period 
of 1971-2000 

High 

Statewide models agree that there will be a 
decrease in groundwater recharge. The prediction 
of decreased recharge is identified by studies that 
predict either an increase or a decrease in future 
runoff (Thorne et al. 2012). 

Shorter wet seasons and earlier snowmelt, coupled with 
longer, drier summers and increased PET, will produce 
unfavorable conditions for recharge. Peak recharge shifts 
from January to February, with the largest recharge 
decrease anticipated to occur in the fall (Flint and Flint 
2012). 

Snowpack 
Decrease (7-
17mm) in April 
above 8000 ft. 

High 

Snowpack decreases are directly tied to 
temperature increases. As temperatures warm, 
snow accumulation, persistence, and volume will 
decrease, regardless of precipitation projections. 
Models and emission scenarios predict reductions 
of 25-90% of snow water equivalent (SWE) in the 
Sierras by the end of the twenty-first century 
(Hayhoe et al. 2004). 

Snowpack changes at higher elevations draining to the 
Mokelumne River will primarily affect the watershed via 
runoff pattern changes in the spring and summer (Table 
9.2). 

March temperatures will reduce the amount of 
precipitation that falls as snow (Knowles et al. 2006). 
Increased precipitation as rain versus snow paired, with 
warmer temperatures from April to June, will shift peak 
snowmelt to earlier in the season (Knowles et al. 2006). 
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Runoff variability Increase Low 

Modeling in Northern California indicates a possible 
increase in the largest 10% of flows above the 
historical period, but ambiguous change for other 
percentile flow ranges (Flint and Flint 2012). 

Different climate models and scenarios consistently show 
reductions in May precipitation totals in the Mokelumne 
watershed, but what the resulting impact in May runoff 
will be is not fully understood (CalAdapt 2011). 

Annual runoff Undetermined Low 

PCM models predict an increase in precipitation, 
while the GFDL model forecasts a drying trend. 
Runoff predictions are tied to conflicting 
precipitation models; as a result, PCM models 
predict a large increase in runoff volumes in the 
region while the GFDL predicts a decrease (Thorne 
et al. 2012). 

Runoff modeling by Null et al. (2010) indicates 
there may be between a 6.4% and 9.4 % increase 
in the mean annual runoff as a result of air 
temperature increases. The Mokelumne watershed 
was shown to be one of the two most sensitive in 
the region with respect to changes in mean annual 
flow, peak annual flow, and duration of low flows 
(Null et al. 2010) 

Peak runoff has traditionally been observed during 
snowmelt periods, typically between April–July in 
California. As temperatures increase, snowmelt and peak 
streamflow will shift to earlier in the year (Thorne et al. 
2012). Shifts to the mid-point of annual runoff timing 
(date by which half of the annual runoff has occurred) 
may be 5-6 weeks earlier in the year, coupled with a 6-9 
week increase in low flow durations during the summer 
and fall (Null et al. 2010). 
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Table 9.8: Vulnerability assessment for Mokelumne watershed wildfire climate change impacts, with expected adaptation benefits of 
an effective fuel treatment program  

Expected 
Impact 

Cl imate drivers 
and stressors References Sensit iv i ty  Adaptive 

capacity Vulnerabi l i ty  Vulnerabi l i ty 
confidence 

Can the expected impact be lessened 
by an effect ive fuel  treatments 
program? 

Increased 
wildfire 
frequency and 
extent 

Increased air 
temperatures, 
longer summers, 
increased PET, 
increased drought 
frequency and 
persistence, earlier 
snow melt. 

Fried et al. 2004 
FRAP 2010 
Flannigan et al. 2000 
Westerling et al. 2006 
Westerling and Bryant 
2008 
Lenihan et al. 2008 

High High High High 

YES 

Local fire modeling indicates a significant 
reduction in wildfire frequency and extent can 
be achieved through a fuel treatments 
program. (See Chapter 3) 

Increased 
wildfire 
intensity 

Fried et al. 2004 
FRAP 2010 
Flannigan et al. 2000 
Westerling et al. 2006 
Westerling and Bryant 
2008 
Lenihan et al. 2008 

High High High High 

YES 

Local fire modeling indicates a significant 
reduction in wildfire intensity in high-risk 
locations. (See Chapter 3) 

Increased 
costs of fuel 
treatment and 
fire 
suppression 

Joyce et al. 2008 
Thompson et al. 2012 
Prestemon et al. 2012 High Moderate High Moderate 

YES 

Increasing wildfire risks and human 
encroachment into forested areas results in 
increased costs to forest managers to 
minimize ignitions and damage from fires. 
Local fire modeling indicates the frequency, 
extent, and intensity of fire can be significantly 
reduced. 

Increased tree 
mortality Increased drought 

frequency and 
persistence, insect 
infestations, 
disease, wildfire 
regime shifts 

Hansen and Weltzin 
2000 
Shugart 2003 
Barr et al. 2010 
Hood et al. 2010 

High Moderate High High 

YES 

Expected impact is driven by over-dense 
forests; fuel treatments reduce vegetation 
density in lieu of regular fire occurrence. 

Reduced 
conifer timber 
harvest 

Hannah et al. 2011 Moderate Moderate Moderate Moderate 

MAYBE 

Timber is a critical agricultural industry in the 
Mokelumne watershed and strategic fuel 
treatments may reduce wildfire damage to 
future harvest trees. 
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Shift from 
needle-leafed 
to broad-leafed 
trees 

Increased drought 
frequency and 
persistence, insect 
infestations, 
disease, wildfire 
regime shifts 

Lenihan et al. 2006 
Lenihan et al. 2003 
FRAP 2010 
Lenihan et al. 2006 
PRBO 2011 
Lenihan et al. 2008 
Barr et al. 2010 

Moderate Moderate Moderate Moderate 
MAYBE 

Vegetation pattern shifts are partly due to 
changes in fire disturbance, but temperature 
increases and other associated impacts and 
stressors are important drivers. Conversion of 

shrublands 
and woodlands 
to grasslands 

FRAP 2010 
Pierson et al. 2008 
Lenihan et al. 2006 

Moderate Moderate Moderate Moderate 

Increased 
flooding risk 

Rainfall pattern 
shifts, increasing 
encroachment to 
wildlands 

Moody et al. 2008 
DeBano 2000 
Benavides-Solorio and 
MacDonald 2005 

Low High Low Low 

YES 

Increases in flood risk are directly associated 
with wildfire occurrence due to loss of 
infiltration and increased runoff. Fire severity 
and other fire related impacts can be reduced 
with fuel treatments. 

Increased 
sediment 
loading to 
streams and 
reservoirs from 
erosion, 
landslides, and 
debris flows 

Wildfire regime 
shifts, rainfall 
pattern shifts 

Paris and Cannon 2012 
DeBano 2000 
Thompson et al. 2013 

High Moderate High High 

YES 

Sediment loading risks are associated with 
wildfire regime shifts. Local fire and sediment 
modeling suggests a significant reduction in 
landslide, debris flow and hillslope erosion as 
a result of effective fuel treatments. 

Increased risk 
of property and 
infrastructure 
damage 

Increased drought 
frequency and 
persistence, 
continued fire 
suppression actions. 

Moritz and Stephens 
2008 
Jones and Goodrich 
2008 
Laird 2013 
Scott et al. 2013 

High Moderate High Moderate 

YES 

Future population increases will increase 
encroachment to forests and greater damage 
with increasing wildfire risks. Land-use 
planning policies and an effective fuel 
treatments program could reduce structure 
loss from wildfires. 
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Reduced 
habitat extent 
and quality for 
endemic fish, 
amphibian, 
and 
invertebrate 
species 

Increased droughts, 
reduced 
groundwater 
recharge, increased 
stream 
temperatures, loss 
of riparian cover, 
earlier snow melt, 
reduced summer 
baseflows. 

Moyle et al. 2012a 
Moyle et al. 2012b 
Ekstrom and Moser 
2012 
PRBO 2011 
NMFS 2012 
Medellín-Azuara et al. 
2008 
Barr et al. 2010 
NCIRWMP 2007 

High Low High High 

NO 

Conflict between water supply, hydroelectric 
power, and instream habitat for aquatic 
species will increase in the future, as will other 
climate-related habitat stressors. Fire-related 
damage to the riparian zone can result in long-
term impacts to habitat quality. Some aquatic 
species, including salmonids, require a narrow 
water temperature range, which is directly 
correlated to air temperatures. 

Decreased 
terrestrial cold-
water fish 
yields 

Knapp et al. 2001 
Pope et al. 2009 
Moyle et al. 2012a 
Moyle et al. 2012b 
NMFS 2012 
Barr et al. 2010 
Medellín-Azuara et al. 
2008 

High Low High Low 

NO 

Fire-induced erosion will degrade spawning 
grounds of native fish such as lamprey, 
suckers, salmon, and trout that build their 
nests in areas of clean rocks and gravels. 
While fuel treatments could directly reduce 
wildfire-induced sediment delivery to local 
fisheries, other climate-related stressors will 
increase, specifically temperature impacts. 
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