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Abstract of Thesis
Connecting the Ecological and Socio-economic Determinants of Wildfire Vulnerability
in California
Wildfires have become an increasingly prevalent problem worldwide, affecting

more places both directly through burning and indirectly via smoke. California, the most
populous U.S. state, has long experienced naturally occurring wildfires. However,
human-induced fires have become more common due to factors such as climate change
and housing development in fire-prone areas. Not everyone experiences fire in the same
way — factors such as poverty, age, and housing structure render certain populations more
vulnerable. This paper compares wildfire vulnerability across census tracts in Lake and
Napa counties in northern California. The counties offer contrasting socio-economic
profiles despite similar fire probability. Bridging physical variables that cause wildfire
and socio-demographic factors, this paper creates a multi-criterion index that assesses
each census tract’s wildfire vulnerability. In-depth interviews with local officials and
landowners were also conducted to provide qualitative insight into the findings. The data
show that the relationship of communities to wildfire ranges on a spectrum from
resiliency to vulnerability. Those with fewer resources, social networks, and who live in
dry and wooded areas are disproportionately susceptible to wildfire. The index found that
the most highly vulnerable census tracts were in eastern and northern Lake County, while
the Napa Valley itself was comparatively fire resilient. Particularly, the city of Clearlake
and eastern Napa County were highlighted by multiple interviewees as being especially

vulnerable and also received a high vulnerability index score. Through analyzing social



and biophysical data both quantitatively and qualitatively, this research hopes to inform

policy in California and in other regions vulnerable to wildfire.
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Chapter 1: Introduction

Wildfires are rapidly becoming a global issue. While fire is endemic and
necessary to various ecosystems, increasing temperature, drought and human
modifications of the landscape are facilitating its spread to previously lesser-affected
regions such as Central Europe and the Amazon Rainforest (Associated Press, 2022;
Goodman and Giles, 2020). Wildfires have also worsened in areas where they have been
historically commonplace and have grown larger, more frequent, and more intense,
affecting more people, and further threatening vulnerable populations (Iglesias et al.,
2022). California, where fires are a natural part of the ecosystem, has battled several
abnormally large fire seasons in recent years. It is also the most populous U.S. state and
has millions of people residing in the wildland urban interface (WUI), areas where human
settlement is interspersed with forest and other wildlife. California experienced several
record-breaking wildfire seasons over the last decade, with 2020 being the most
destructive year on record. That year, over 4.3 million acres were burned killing 33 and
causing more than $19 billion in economic damage across the state (Safford et al., 2022).

The damage caused by wildfires impacts society unequally. Different ecosystems
possess varying vegetation patterns which make wildfire more probable in certain places.
The capacity of the population for individuals to prepare for, evade, and rebuild from
wildfire also differs spatially. Combinations of socio-economic factors, such as poverty,
can disproportionately endanger certain populations to the effects of wildfire and inhibit
their ability to rebuild (Balch et al., 2020). These biophysical and socio-economic factors

work in tandem to produce a social-ecological system that determines wildfire



vulnerability. This paper bridges socio-economic and ecological factors to examine
wildfire vulnerability in two northern California counties: Lake and Napa.

The two counties have similar wildfire probabilities yet contrasting socio-
economic profiles. Napa County, with a population of 138,019, is famous for its wine
industry, is one of the wealthiest counties in the country, and is mostly rural yet
topographically diverse. Lake County, with 68,163 residents, is more remote, has a much
higher poverty rate, and is at a higher elevation (United States Census Bureau, 2020).
Both counties have a similar distance from the Pacific Ocean.

To model the social-ecological system of wildfire vulnerability, this work
combines a statistical index with expert interviews to holistically study how wildfire
vulnerability varies spatially at the census tract level. While previous research has studied
wildfire vulnerability nationally (Auer and Hexamer, 2022; Davies et al., 2018), this
research critically examines wildfire vulnerability at the local level by combining
geospatial analysis with local expertise and perspective. This paper can serve as a
framework for policy makers, planners, and other leaders to use data and work with
community members to identify vulnerable areas, reduce the number of fires that impact
people, and form policy that encourages sustainable communities and ecosystems in
California and beyond.

The goal of communities confronting wildfire threats should be to minimize
vulnerability and maximize resiliency. These two terms, however, have varying
definitions across disaster and hazard literature and while it is often assumed that
vulnerability is inversely proportional with resiliency, the two concepts often have a

nonlinear relationship that depends on the specific area and subject of study (Prior and



Eriksen, 2013). Prior and Eriksen (2013) highlight that some hazards scholars claim
vulnerability and resiliency are opposites and have a mirroring inverse relationship, while
others claim that vulnerability is an inherent stock that can be measured within a
resiliency system (Gallopin, 2006).

Increasing Wildfire Trends

In this study wildfire vulnerability and wildfire resiliency are conceived as
opposite ends of a spectrum that classifies different communities in wildfire landscapes.
Building on Adger (2006) and Cutter et al. (2008, pg. 599), this work outlines
vulnerability in pre- and post-event terms — the susceptibility of communities to personal
harm, property damage, or economic damage and their properties, and economies to harm
as a result of wildfire as well as the inability to recover from the wildfire’s effects.
Similarly structured but with contrasting outcomes, we define resiliency as the ability of a
community to evade, withstand, and recover from the negative effects of wildfire. The
ability to recover is largely based on social cohesion, insurance, coverage, income, and
whether residents choose to remain in their community (Prior and Eriksen, 2013; J.
Wilson, personal communication, June 2022). These elements are crucial components in
the social-ecological system of wildfire vulnerability.

According to Balch et al. (2020), the structure of a social-ecological system can
propel normal events into becoming “disasters”. While extremely large and intense fires
are occurring more frequently due to climate change, the authors claim that disasters can
result from “normal” events acting upon “leverage points” in complex social-
environmental systems (Balch et al., 2020). Some of these leverage points are biophysical

factors such as aridity driven by drought, fuel load, as well as socio-physical factors like



housing density (Balch et al., 2017). The August 2021 Cache Fire, which destroyed part
of Clearlake, California, wasn’t particularly large or intense, but it burned an area with
ample vegetative fuel and flammable structures (Marshall-Chalmers, 2022).

It is vital to understand the complex system dynamics of wildfire vulnerability
and its biophysical and socio-economic determinants. These determinants have become
increasingly linked due to climate change and migration to the wildland urban interface
(Swain, 2021; Mann et al., 2016). The index developed for this thesis helps capture the
general dynamics of this system in California. The variables used in the index are
drought, fuel load, housing density, mobile home rate, poverty rate, and proportion of
elderly residents. Although a more detailed justification of these six variables can be
found in the Methods section, the first four variables can be used to model the propensity
of a landscape to produce wildfire, or pre-event vulnerability; while the second two
model the ability of residents to rebuild and recover from a wildfire — post-event
vulnerability.

The index captures the general system dynamics of wildfire and is supplemented
with 19 in-depth interviews with residents from Lake and Napa Counties. The
interviewees include elected officials, firefighters, wildfire victims, foresters, and life-
long residents of both counties. Combining empirical data with rich qualitative data
allows for a unique insight into the complex system of wildfire vulnerability in Lake and
Napa Counties.

Because this paper aims to provide local context to wildfire vulnerability systems,
it is necessary to account for the geography and demographic makeup of both study

counties. Lake and Napa Counties are just north of the San Francisco Bay and boast a



Mediterranean climate ideal for outdoor recreation and viticulture. The economies of both
counties are heavily dependent on tourism; however, Napa County has a strong economy
while Lake County has long struggled to support a steady job supply (State of California,
2022; W. Evans, personal communication, June 2022). Much of this is due to
accessibility to population centers, as Napa County is less than an hour on Interstate 80
from the San Francisco Metro Area, while Lake County is another hour further north and
is only accessible by a winding two-lane state routes. These accessibility issues
contribute to the lack of economic opportunities and lower population growth in Lake
County relative to Napa County — in fact, Lake County is the only county in California to
have never had a railroad run through it (W. Evans, personal communication, June 2022).
Will Evans, the Executive Director of the Clearlake Environmental Research Center — a
non-profit that collaborates with local governments and the state to carry out forestry
projects to prevent wildfires — claims that a lack of jobs increases wildfire vulnerability,
as people are unlikely to stay in the community following a wildfire.

As of September 2022, Lake County’s unemployment rate was 4.3 percent, while
that of Napa County was 2.6 percent (State of California, 2022). Additionally, Lake
County has a poverty rate of 15.9 percent, roughly double that of Napa County’s 7.9
percent — the national poverty rate is 11.1 percent (United States Census Bureau, 2021).
While Lake County is much less wealthy than Napa County as a whole, much of Lake
County’s poverty is concentrated in its largest city, Clearlake, which has a poverty rate of
over 26 percent (United States Census Bureau, 2021). The city contains large swaths of
mobile homes interspersed with trees and chapparal, which both render neighborhoods

more susceptible to catching and spreading fire (Pierce et al., 2022). In August 2021, the



Cache fire burned in eastern Clearlake, prompting 1,600 residents to evacuate (Marshall-
Chambers, 2022).

Napa County also contains areas with high mobile home density, specifically near
the western foothills of the valley, which are prone to catching fire. The western side of
Napa Valley has been the origin of some of the most devastating fires in California
history. The mountainous stretches flanking the valley spawned the 2017 Tubbs Fire, the
second most destructive in the state’s history, which killed 22 people and burned almost
6,000 buildings (Safford, 2022).

These mountainous parts of Napa County, as well as all of Lake County suffer
from severe tree mortality, driven by California’s ongoing drought (CalFire, 2020; Lake
County, 2022). Drought not only creates drier, more flammable fuel, but it also exposes
parched trees to infestation from insects such as the bark beetle (Swain, 2021; Hood et
al., 2016). The variables explored in this section only scratch the surface of the myriad
determinants of wildfire vulnerability. The next section combines the diverse biophysical
and socio-economic determinants of wildfire vulnerability and illuminates how they fit
into diverse systems and subsystems.

Conceiving of wildfire vulnerability as a system is useful because it allows for
holistic interpretation of the landscape characteristics that produce fires, the people those
fires affect, and the resulting consequences. Figure 1.1, represents the dynamics of
wildfire vulnerability and is divided into three subsystems: 1) biophysical factors that
influence burn severity, 2) demographic factors that influence community resilience, and
3) housing characteristics which can influence ignition likelihood and the potential

damage in residential areas. Both subsystems are influenced by a variety of variables and



their mutual interactions. Each subsystem, in turn, contains pre- and post-event
vulnerability dynamics. This, however, couldn’t be succinctly captured in Figure 1.1, so

it will be discussed in detail during this section.

Percentage of
Elderly
Residents

Fuel Load
(65+)

Drought

+ Poverty Rate >
Severity

Figure 1.1: Diagram showing the interacting factors of wildfire vulnerability. Created by Author.

This tipping point has created a mild reinforcing feedback loop as the extra
vegetation, once weeded out by naturally occurring and indigenous burning has remained
on the landscape and has gotten drier and thus more flammable, making fires more
difficult to stop. More wildfires also emit more greenhouse gases back into the
atmosphere further accentuating global warming (Hurteau et al., 2014). The state’s
prolonged drought has also exacerbated the effect of bark beetles and other insects on
forests. In drier climates, trees lack the ability to produce sap, which is crucial to expel
the bugs. If the bark beetles remain in the tree for long enough, the tree will start to die
and create more dry fuel for fire (Hood et al., 2016). Because trees are major sources of

carbon capture, tree mortality, whether it be from drought or wildfire, reinforces climate



change providing an increased supply of flammable material. Wildfire is impossible
without fuel and fuel dryness exacerbates flammability which makes prolonged drought
especially problematic for community wildfire resiliency plans.

Socio-Economic Factors

Socio-economic Prior and Eriksen (2013) argue that social cohesion, the ability of
communities to both mechanically reduce wildfire probability in their areas, and
cooperatively reduce wildfire risk by creating a sense of community and institutional
knowledge of how to respond if one occurs. Nonprofits and community groups such as
Resource Conservation Districts and Fire Safe Councils assist residents by maintaining
forests as well as educating and equipping them for wildfire preparation. However,
certain groups are more effective than others. A discrepancy in effectiveness can result
from differences in engagement, financial support and attendance among community
members, as well as previous experience with wildfire (J. Pyska personal communication,
June 2022).

Jessica Pyska, a County Supervisor for Lake County says that her hometown’s
direct experience with the 2015 Valley Fire, in which many residents lost their homes,
was an impetus for civic collaboration across socio-economic and political lines. Some
left, but those who stayed met regularly and worked to reduce fuel in their
neighborhoods, educate others on fire-safe practices, and secure funding for “home
hardening” — the process of reinforcing one's home with fire-resistant materials (J. Pyska
personal communication, June 2022). Pyska says that the collective trauma of surviving a
major wildfire has fostered cooperation between people in the community with different

backgrounds and values — a dynamic that is not found in many other places.



The neighboring community Kelseyville Riviera, which also is in Supervisor
Pyska’s constituency, has recently received $22.2 million to help harden 500 homes
county, which will largely benefit residents who can’t afford to pay the retrofitting costs
themselves. Between securing grants, and taking preventative measures like fighting tree
mortality, reducing excess vegetative fuel load, building community cohesion is a vital
step in minimizing the drivers of wildfire vulnerability.

The risks for not protecting one’s home are growing, as home insurance
companies are drastically raising rates and refusing to renew policies. This is because the
growth in fire activity has produced more wildfire victims, thus increasing the number of
people filing insurance claims (Auer & Hexamer, 2022). The state of California has a
backup insurance plan available to all residents regardless of wildfire risk, however,
insurance premiums are higher than the market price and it often provides limited
coverage (Auer & Hexamer, 2022). These policies require prospective customers to take
measures to retrofit their homes with fire-resistant technology and remove flammable
material surrounding their house (Auer & Hexamer, 2022). Lower income residents,
however, might not be able to afford to make the changes necessary to gain insurance,
hurting their ability to rebuild in the case of a wildfire engulfing their home.

Increased wildfire activity has uprooted countless households across Lake and
Napa Counties, altering those residents’ livelihoods. However, the livelihood of both
counties is at risk if wildfire activities continue. The tourism industry is the largest
employer of both counties — outdoor recreation is dominant in Lake County while wine
tourism is prevalent in Napa County. These activities are deeply intertwined with the

environment — viticulture in Napa County, and outdoor recreation in Lake County. Many



residents infer that the degradation of that environment could have fatal consequences for
the economy of both counties (W. Evans, personal communication, June 2022; T.
Gamble, personal communication, June 2022; R. Gregory, personal communication, June
2022). If the picturesque scenery of both counties becomes painted with smoke and the
dry and burnt carcasses of dead trees, fewer people will flock to the area to hike, fish, and
taste wine. Wildfire vulnerability is present at multiple scales; people can die, get injured
and lose their livelihoods, families can watch their homes burn, and entire communities
and counties have the potential to see their economies unravel. However, even resilient
communities can have particularly vulnerable individuals and vulnerable places can have
people who are well equipped to weather a wildfire season (Prior and Eriksen, 2013).
This research seeks to identify census tracts in Lake and Napa Counties that are
relatively vulnerable to wildfire by using both quantitative and qualitative methods. It is
important to note that wildfire vulnerability in this study is a comparative measure and
that a low vulnerability score doesn’t signify the absence of vulnerability, but rather that
it is less vulnerable than the other nearby communities considered. The next section will
examine the methods used to formulate both the index and the questions used to evaluate
wildfire vulnerability. Following the methods will be the discussion and synthesis of the
index and interview results. The paper will finish by giving a series of recommendations
that are derived from the index results, the literature examined, as well as the potential
solutions proposed by interviewees. These solutions will potentially be applicable not
only to the local context in Lake and Napa Counties but throughout the entire state and

country.
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Chapter 2: Methods

This research uses a mixed-methods approach by combining an original wildfire
vulnerability index with interviews of local residents. Its index is a synthesis of factors
indicative of wildfire probability as well as key variables that influence social
vulnerability. The vulnerability index is complimented by 19 semi-structured interviews
conducted during the two weeks that the author spent in the study area.

The wildfire vulnerability index is a multi-criterion evaluation model to represent
the spatial variation of wildfire vulnerability at the census tract level across Lake and
Napa Counties. Wildfire vulnerability is defined not only as the likelihood a census tract
will be affected by fire, but also the relative resilience of that tract. The variables used in
the index are drought, poverty, fuel load, housing density, percentage of elderly residents,
and percentage of people living in mobile homes. Each of these variables are scaled and
given a weight based on their relative importance to wildfire vulnerability. Questions
related to environmental and socio-economic variables were asked in 19 in-depth
interviews of local officials, firefighters, and others with relevant experience with
wildfire. The convergence of ecological and socio-economic factors, explored in both the
index and the interviews, is crucial to capturing the propensity of an area to produce
wildfire as well as the resilience of that area’s population, providing a holistic and
integrated representation of wildfire vulnerability.

Study Area Selection

Wildfires are common in Mediterranean climate zones, which are the dominant

climate type throughout California (Kauffman, 2003). As such, California was the ideal

state to study because wildfires are part of its landscape and the state government has a
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wealth of publicly available data on past fires and future fire probability. This paper,
however, differs from previous research by combining statistical and qualitative data
across two counties; Lake and Napa. These counties neighbor each other and possess
similar climates, yet have contrasting socio-economic profiles (American Community
Survey, 2021). Both counties fall within the Mediterranean climate zone and, except for
two sizable cities in the south of Napa County, are both rural. Lake County is more
mountainous, especially in its northern portion, while Napa County is bisected by a low-
lying agricultural valley with forested mountains on either side. Both counties had similar
fire probabilities according to the California Department of Fire and Forestry’s
(“CalFire”) Fire and Resource Assessment Program (“FRAP”) (2020).

Socio-economically, the two counties differ significantly. Napa County is famous
for its high-end wineries and almost the entire county is easily accessible from San
Francisco. Lake County is isolated by mountains on all sides and has a relatively high
unemployment rate, an average per capita income of $29,714 — more than $5,000 below
the national average and $19,000 below that of Napa County (American Community
Survey, 2021). This disparity in average income, poverty rate, and unemployment rates —
notwithstanding the similar climate and wildfire probability — make Lake and Napa
counties ideal places to study how wildfire vulnerability varies across communities.
Data Description

The index contains six variables that capture the physical attributes of the
landscape and the socio-economic characteristics of its inhabitants. Three of these
variables; drought, housing density, and fuel load, are incorporated from raster datasets.

The other three are demographic indicators; poverty rate, percentage of elderly residents,
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and percentage of mobile housing units, are taken from the 2021 American Community
Survey 5-year estimates. Census tracts are the unit of analysis because, although they are
imperfect representations of communities, census tracts the smallest level of geography at
which robust socio-economic data is publicly available. For the other three variables, we
assign each census tract with the average raster pixel value within the boundaries of that
census tract.

To characterize drought, the most important raster variable in our model, we use a
4-kilometer resolution Palmer Drought Severity Index (“PDSI”) raster dataset measured
on June 9, 2022 (University of Idaho, 2022). The PDSI combines information on soil
moisture and temperature and has long been widely used to measure drought at a regional
level. Its value is greater in areas with an evapotranspiration deficit — where the water
supply of an area drops below the level required to sustain its vegetation (Alley, 1984).
This deficit dries out forests and other vegetation types making them more flammable
fuel for fires (McEvoy et al., 2019).

Fuel, whether it comes from forests or houses, is vital to sustain fire. We model
the fuel load in each census tract by using the average normalized difference vegetation
index (“NDVTI”) value in each census tract between March 28th and May 31st in 2017,
2020 and 2022. The years 2017 and 2020 were chosen as they are the two most
devastating wildfire seasons in California history and 2022 is the most recent year for
which data are available. NDVI data is derived from 30-meter resolution Sentinel 2
satellite imagery and shows the difference between the infrared light, which is reflected
by vegetation, and red light, which is absorbed by vegetation. By doing this, NDVI

assesses the amount of vegetation in a landscape, and in turn, the amount of fire fuel. By
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measuring the NDVI1 values in the spring, prior to the peak wildfire season, | was able to
observe the fuel load that would generally be present on the landscape before fire season.

All fires, no matter the severity, need an initial ignition. Housing density is an
important indicator of the amount of potential fire ignitions in a landscape (Park et al.,
2021). Multiple studies show that humans directly and indirectly account for more than
90 percent of all wildfires in California (Syphard et al., 2007; Mann et al., 2016). Our
model uses a 30-meter raster dataset that models housing density in 2018, the most recent
year available (Scott et al., 2020).

The three remaining variables; rates of poverty, elderly population, and mobile
homes, are taken from the most recent 5-year American Community Survey (ACS), in
2021. The most important of these is the poverty rate. Poverty is a strong indicator of
vulnerability to natural disasters as those with fewer resources disproportionately live in
more flammable structures, lack sufficient finances to rebuild, and are often underinsured
(Fothergill and Peek, 2002; Cutter et al., 2008; Auer and Hexamer, 2022). Further, lower-
income individuals are more susceptible to property insurance cancellation and
nonrenewal due to having fewer resources to make home improvements that reduce fire
risk (Auer and Hexamer, 2022). Elderly individuals are vulnerable to wildfire, as they are
often less mobile and suffer complicating health effects from fire (Masri et al., 2021).
Lastly, residents of mobile homes are uniquely vulnerable to wildfire, not only because
they have a lower income, but also because the structures they live in are highly
flammable and difficult to reinforce against fire. Paul Duncan, Chief of Operations for
the Sonoma Lake Napa (LNU) unit of CalFire expressed concern for areas with high

densities of mobile homes and says they are often located “tightly together and fire can
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pass easily from structure to structure.” The mobile home rate has a compounding effect
with rural poverty — lower income individuals in cities and towns tend to live in
apartments in areas with higher housing density (Pierce et al., 2022; Collins et al.,
2009). The density of mobile homes reflects this trend.
Multi-Criterion Evaluation

The statistical index developed in this study is a multi-criterion evaluation
(“MCE”). An MCE in spatial analysis is a model that assigns a score to a given place that
is weighted by the relative importance of each considered criteria (Eastman, 1999). In
this model, all variables for each census tract are given a score ranging from zero to one.
These scores are based on scaling formulas that allow for diverse phenomena that occur
at different rates to be compared in a uniform manner — like social and environmental
factors. Census tracts with a variable value of one exhibit the strongest possible
correlation of that variable to wildfire vulnerability. For all census tracts, the scores for
all six variables are assigned weights, a percentage of the final index value, with more
important variables receiving a greater share. The final index, in turn, is derived from the
weighted sum of all six variables, with a maximum score of one. Like the scores for each
individual variable, a census tract with an index value close to one represents greater
wildfire vulnerability while a value close to zero signifies relative resiliency. All scaling
work was conducted in ESRI’s ArcGIS Pro platform, as were the scaling methods used.
Scaling Methods

Immense and destructive wildfires depend on adequate fuel supply and the
dryness of fuel is heavily correlated with drought (McEvoy et al., 2019). Drought also

makes trees more susceptible to bark beetles, exacerbating tree mortality and increasing
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the prevalence of dry fuel (Hood et al., 2018). This is especially true in Lake and Napa
Counties where tree mortality has affected large swaths of both counties (Carboni, 2022;
Napa County Board of Supervisors, 2022). Because of its capacity to turn healthy forests
into a more potent fuel supply, drought is scaled with a linear function, meaning areas
with more severe PDSI value received a greater contribution to the final model.
Low-income communities are particularly sensitive to wildfire (Davies et al.,
2018). If communities have a higher rate of poverty, then they are less likely to be able to
rebuild following a destructive wildfire and might also experience coincident
complicating factors that worsen their recovery (Fothergill and Peek, 2002; Cutter et al.,
2008; Auer and Hexamer, 2022). Poverty is rescaled using the minimum-maximum (min-
max) function and as Equation 2.1 shows, this function scales observation values
between 0 and 1 based on the minimum and maximum values of the dataset (Gupta,
2021). Mobile home percentage is also scaled with the min-max function. A higher
proportion of mobile homes contributes to wildfire vulnerability in two ways; the
population is likely lower income and the structures in which they reside are more

flammable than single-home units and apartment buildings (Pierce et al., 2022).

Scaled Value = (x — min(x)) / (max(x) — min(x))

Equation 2.1: Minimum maximum scaling formula. Created by Author.

Fuel load is scaled with ESRI’s Large function. This scaling function is used to
emphasize observations with higher values, but not over- or under-emphasize outliers.
With every increase in the X variable, the rate of increase in the value assigned to that
variable increases until it reaches a midpoint value defined by the user —an NDVI value

of 0.5 was used as the rescaling midpoint, which is close to the midpoint of the entire
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dataset. After the midpoint is reached, the rate of scaling increase starts to taper off. This
applies to the fuel load variable because, while vegetative fuel is a necessary wildfire
variable, recent studies have shown that recently burned areas can reburn at shorter
timescales. (Abatzoglu et al., 2021).

In contrast, housing density is scaled with the gaussian function. This scaling
prioritizes values closest to the median. Moderate housing density — where there are
enough people for fire ignitions and for vegetation to burn — have the strongest
correlation with fire probability (Park et al., 2021). As such, census tracts with an average
housing density value close to the midpoint (a value of 1,000 is used) receive a higher
score towards the vulnerability index.

The percentage of elderly residents, those 65 years or older, is scaled using Z-Scores, a
method often used on datasets with a normal distribution. Z-Scores, as shown in Equation
2.1, measure the distance, in standard deviations, an observation is from the mean (Abdi,
2007). To compute a Z-Score, an observation () is subtracted by the mean (My) of the
entire dataset and the difference is then divided by the dataset’s standard deviation (Sy).
Because the elderly population exhibits a normal distribution, Z-Scores rescale each
census tract based on their proportion of elderly residents. In the model of this paper,
census tracts with a higher Z score received a greater scaled value. Census tracts with a
greater percentage of elderly people, those whose Z scores were 1.5 or greater, receive
the highest scaling classification.

Zscore = (Y — My)/ Sy

Equation 2.2: Z-Score Formula. Graphic created by author.
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Model Weights

Table 2.1 lists each of the six variables and how they are measured, weighted by
their relative importance, and scaled to values between zero and one. Drought and
poverty rate are the most heavily weighted variables in the model — they each represent
20 percent of the final index value. The remaining variables; fuel load, proportion of
mobile homes, housing density, and proportion of elderly residents each represent 15
percent of the final index value. Drought is weighted higher because it amplifies wildfire
burn intensity, increasing the potential for more acute exposure to nearby communities.
Poverty receives a higher weight because it influences the sensitivity of communities to
wildfire. Those in poverty often lack the financial resources and social connections to

both prepare for and recover from wildfire.

Variable Measure Weight | Scaling
Method

Drought (June 9th, 2022) Palmer Drought Severity Index | 0.20 Linear

(PDSI)

Poverty Rate (2021 ACS) Poverty Rate 0.20 Min/Max

Fuel Load (March 28 through | NDVI 0.15 Large

May 31) (ESRI)

Percentage of Elderly Percentage of Elderly Residents | 0.15 Z-Score

Residents (2021 ACS)

Housing Density (2018) Housing Density Raster 0.15 Gaussian

Ratio of housing structures Number of mobile homes 0.15 Min/Max

that are mobile homes (2021 | divided by total number of

ACS) housing structures.

Table 2.1: Index Weights and Scaling Methods. Created by Author.

The remaining variables are integral to the model, but possess a comparatively

lesser impact on the exposure and sensitivity of communities to wildfire. Fuel load is
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crucial in determining wildfire probability, however it is finite and changes following a
wildfire (Abatzoglu et al., 2021). Similarly, housing density can model ignition
probability, however, some communities are better at preparing for and preventing fire
than others (J. Pyska, personal communication, June 2022). While elderly residents are
among the most vulnerable, communities like retirement homes often have contingency
plans that secure the safety of their residents. Mobile homes are largely more flammable
than stationary housing structures but are not present in many Napa County census tracts.
Equation 2.3 shows how the index is calculated, by adding the weighted sum of all six
variables. All six variables are vital to the index, however, drought and poverty were
referenced more often in the interviews as having a stronger and broader connection to

fire intensity and social resiliency.
Z(O.ZO * Drought) + (0.20 * Poverty Rate) + (0.15 = Elderly Percentage)

+ (0.15 * Fuel Load) + (0.15 * Housing Density) + (0.15

* Mobile Home Percentage)

Equation 2.3: Wildfire Vulnerability Index. Created by Author.

Qualitative Methods
Findings from the index were checked against in-depth interviews with residents,
fire experts, and representatives of municipal and county governments. While the index is
vital to the paper, it was necessary to contextualize the model to gain an in-depth local
perspective on wildfire vulnerability, and examine the regulatory mechanisms across
multiple scales that influence social-ecological interaction in wildfire landscapes.
Nineteen residents of Lake and Napa Counties with deep fire experience and

expertise were interviewed in person, over the phone, or on the Zoom videochat platform.
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The interviewees included local elected officials, firefighters, fire victims, business
owners, journalists, and forestry professionals. Participants were asked the same set of
open-ended questions with follow-up questions when relevant. The questions followed
four related themes: 1) climate change and fire dynamics, 2) demographic change, 3)
identification of vulnerable areas, and 4) potential solutions to reduce wildfire
vulnerability. Questions asking interviewees to identify vulnerable areas were
purposefully kept open-ended to allow for the expression of diverse conceptions of
wildfire vulnerability. Laws governing housing, zoning, and forestry management at the
city, county, state, and federal levels were also discussed.

The combination of statistical modeling and qualitative interviews produces a
deep and holistic view of the spatial variation of wildfire vulnerability. Visiting the two
counties and conversations with experts influenced some of the weights given to the
index such as drought severity and poverty rate. As most work on social vulnerability to
wildfire has been done on the national and regional scale, this work at the local scale
benefits from insight from community experts. After analyzing the index results and
synthesizing the narrative of the interviews, common themes about the spatial differences

in vulnerability are discussed and theorized in Chapter 4.
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Chapter 3: Index Results

It is important to note that low vulnerability does not imply low probability.
Instead, it means that the community is more resilient and is comparatively better able to
prepare for, withstand, and recover from the effects of wildfire. Figure 3.1 shows how
vulnerability is distributed across Lake and Napa Counties. Each census tract is assigned
one of four vulnerability categories based on the Jenks Natural Breaks Classification
Method. In descending order of vulnerability they are: “Severe,” “High,” “Moderate-
High,” and “Moderate-Low.” The index shows that twelve of fifteen census tracts with a
“severe” rating are in Lake County, and that seven of the ten most vulnerable census
tracts are in or around the city of Clearlake, Lake County’s most populous city (U.S.
Census Bureau, 2021). The most vulnerable census tract is the community of Nice on the
northern shore of Clear Lake in Lake County. It has the highest average drought index in
the study area, greatest proportion of mobile homes, and possesses one of the highest
poverty rates in Lake County. As Figure 3.1 shows, however, Nice does not border any
other census tract classified as severe, although all surrounding tracts are classified as
having “high” vulnerability. The most vulnerable census tract in Napa County was the
unincorporated land surrounding the city of Yountville, which has several large trailer
parks and a significant elderly population.

The least vulnerable census tracts were mostly located in Napa County, largely
within the city of Napa. Out of the twelve census tracts classified as having “moderate-
low” wildfire, nine were in Napa County. Surprisingly, the least vulnerable census tract
in Lake County was the area surrounding Cobb Mountain, which suffered highly

destructive wildfires in 2015. Cobb’s low score is largely due to its relatively low poverty
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rate of 9.1% and low Palmer Drought Severity Index. Cobb’s comparatively low
vulnerability score does not mean that the area is impervious to wildfire, but is more
resilient and able to withstand future fires. The index, however, is just one way of
determining wildfire vulnerability. Numerous interviews with residents of both counties

reinforced many of the index findings and added an enriching first-person perspective.
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Figure 3.1: Map of Wildfire Vulnerability Index Results
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Chapter 4: Interview Results and Discussion

While a census tract-level index is useful in examining the spatial distribution of
community wildfire vulnerability, it does not tell the entire story. Census tracts are
artificial boundaries created by the government for enumeration purposes and are often
regarded as imperfect representations of communities (Clapp and Wang, 2005). The
findings from the index are complemented with 19 interviews that provide diverse
perspectives on wildfire from individuals with a range of experiences involving wildfire.
From these interviews, clear narratives emerged on the behavior of fire in the study area,
such as which communities are vulnerable or resilient to wildfire, as well as ideas on
potential solutions. All interviewees acknowledged observing climate change and most
agreed that fire behavior has worsened in Lake and Napa Counties. The interviews
pointed to three key factors that drive this change in fire behavior: climate, fuel load, and
human behavior. Of the ecological and socio-economic variables cited in the interviews,
drought and poverty rate were brought up the most. This relatively high number of
references to these variables in the interviews is part of the reason why drought severity
and poverty rate receive a higher weight in the index.

The characterization of vulnerable areas contrasted more. In their definitions,
some interviewees emphasized fire likelihood as the most important factor while others
highlighted certain socio-economic characteristics of communities. Economic
vulnerability was cited as a key component of overall vulnerability by residents of both
counties, although those descriptions varied significantly between residents of Lake and
Napa counties. The solutions also varied greatly among the interviewees. While they all

covered similar topics, their philosophies and justification behind their recommendations
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largely differed between residents of rural and more urban areas. Through synthesis of
the common narratives behind local perceptions of wildfire, wildfire vulnerability, and
proposed solutions to safeguard communities, collectively the interviews provide a
holistic localized understanding of wildfire vulnerability that can be combined with
statistical analysis and used by policy makers, planners, and local leaders to increase
wildfire resiliency in Northern California and beyond.

Perception of Climate and Wildfire Change

Most of the interviewees have observed significant changes in fire activity near
their communities. While many acknowledge that fire is endemic to the local ecosystem,
many are concerned that fire season has not only expanded and is now a year-round
phenomenon, but fires have become larger, more frequent and have burned at a hotter
temperatures. In this section, the three most cited drivers of this change are discussed,
climate change, forest management, and human behavior.

Many interviewees did not think of fire as an issue of outsized importance until it
came to affect their community. Prior to the 2015 Valley Fire, Will Evans, Executive
Director of the Clear Lake Environmental Research Center, didn’t think of fire as more
significant than other issues his community faced. Even after the Valley Fire, Evans and
many in Lake County viewed the wildfire problem as something specific to their county
until the destructive 2017 wildfire season hit neighboring Napa and Sonoma counties.
Before the 2017 wildfire season, which affected much of Napa County, Napa County
Supervisor Ryan Gregory viewed destructive wildfire as a problem specific to Lake

County and unlikely to happen on the same scale in Napa.
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Paul Duncan, the Division Chief of Operations for CalFire’s Sonoma Lake Napa
Unit (“LNU”) and Lake County resident says that warmer temperatures have made
fighting wildfires more difficult. According to Duncan, firefighters used to work nights to
gain ground on fires when they were less intense. During the 2015 Valley Fire, in which
Chief Duncan lost his home, fires burned just as intensely at night as during the day,
negating the nighttime firefighting tactics. All firefighters interviewed, including
Duncan’s Napa County CalFire colleagues and United States Forest Service (USFS)
firefighters, also noted an increase in intensity and say that fire season is no longer just a
season — fires can now happen during any time of the year.

Chris Canning, the mayor of Calistoga in northern Napa County noticed this trend
as well and attributes this shift in fire behavior to climate change. The 2017 Tubbs Fire,
which destroyed over 5,000 structures, had a burn footprint similar to that of the 1964
Hanley Fire. The key difference, Canning asserts, is that fires spread much faster now —
the Hanley Fire took three days to travel from its initial ignition near Calistoga to the San
Francisco suburb of Santa Rosa in nearby Sonoma County. In 2017, the Tubbs fire
traveled a similar distance in merely three hours, which Canning says was due to more
dry fuel on the landscape.

Napa resident Jim Wilson, who originally moved to the area in 1969 attributes the
increased wildfire potency to more dry fuel on the landscape. He says this change is due
to an acceleration of vapor pressure deficit, a scientific measure of atmospheric dryness.
Wilson notes that the area’s forests have gotten noticeably drier since he moved to a
ranch house on the outskirts of the city in 1980. “You can hear the difference by walking

through the woods, you could feel it. You could feel it, you can see the trees struggle, you
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hear them falling down...when I walked through the woods, you could hear a crunch that
you didn't hear before.” Wilson argues that this rise in vapor pressure deficit stems from
anthropogenic climate change, a claim that is supported by ample scientific research
(Abatzoglou and Williams, 2016; Seager et al., 2015; Mueller et al., 2020). Wilson, who
lost his home in 2020 to the 300,000 acre Hennessey Fire made a point to stress that
climate-induced drought is inextricably linked in an exponential relationship to fire
intensity.

Lake County Supervisor Jessica Pyska also links California’s drought to wildfire.
Pyska is from Cobb, which has the lowest drought index out of any place in the study
area. She notes that Cobb usually receives comparatively higher precipitation than
neighboring areas and that rainfall has become more concentrated in fewer instances that
are preceded and followed by longer dry periods. This change in precipitation levels
produces more vegetation during the rainy periods only to be dried out during the
extended dry periods, transforming into potent fuel (Westerling and Bryant, 2007).

Both the abundance of fuel and its dryness contribute to speed and burn intensity.
All interviewees cite abnormally dense forests with an accumulation of undergrowth as
an important reason for the uptick in fire intensity. Interviewees with firefighting
experience especially note the importance of fuels to the change in fire behavior. Large
amounts of undergrowth raises the burn temperature, and makes it easier for the fire to
spread to the crown of the trees, where fighting fires is substantially more difficult (P.
Duncan, personal communication, June 2022; S. Sedgley, personal communication, June

2022). This build-up of undergrowth, which is normally cleared out by naturally
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occurring low-intensity “floor fires”, combined with denser forests, is a key reason for
accelerated fire behavior (Keeley & Syphard, 2021).

Farmer and lifelong Napa County resident Tom Gamble says the trees along the
east side have gotten notably denser, for which he blames past forest management
policies that prevent naturally occurring fires from clearing out excess vegetation. The
increase in intense fire activity, Gamble says, is “nature seeking its equilibrium” to the
unnatural accumulation of fuels due to “well-meaning policies from 50 years ago that are
failing us now””.

Dense concentrations of trees can create especially devastating fires when
compounded with bark beetle infestation —a phenomenon that accelerates tree mortality.
Warmer temperatures have created ideal breeding conditions for the beetles, which use
trees to reproduce. The beetles are native to much of California and healthy trees are able
to expel the beetles with sap. However, the state’s prolonged drought has degraded this
survival tactic, exacerbating tree mortality (A. Blodorn, personal communication, June
2022; P. Duncan, personal communication, June 2022; J. Pyska, personal
communication, June 2022). This issue is more prominent in Lake County, yet both
counties have issued emergency declarations for tree mortality. With more trees likely to
die in the coming years, both counties face time-sensitive challenges to ensure that dead
trees don’t provide additional fuel for fires (United States Forest Service, 2023; P.
Duncan, personal communication, June 2022). Many say this has become more
challenging with increasing activity in the Wild Urban Interface (WUI), which boosts the

chance of a fire ignition.

28



Increased activity in the WUI, whether directly, or indirectly through power line
infrastructure, has increased the probability of an ignition. Scott Sedgley, Mayor of the
City of Napa and former firefighter claims this is the most important factor in causing
recent fires. Sedgley is skeptical that fire intensity and behavior in Napa County have
changed and says that Napa County “has always had devastating fires”. Instead, he
argues that the greater fire frequency is due to increased activity and development in the
WUI, including the expansion of wineries into more mountainous areas. While several
other interviewees agreed that WUI development has played a role in increased fire
frequency, Mayor Sedgley is the only one to have doubts about the role climate change
has played in altering fire behavior.

Residents of Lake and Napa Counties have seen fire activity increase in their
communities, due to climate change, poor forest management and an increase in activity
in the WUI. The next section will examine which areas and populations within the two
counties are particularly vulnerable to wildfire.

Vulnerability Characteristics

Interview responses characterizing vulnerability are diverse but cover several
themes that relate to the biophysical trends that cause increased fire activity, social
determinants of vulnerability, and factors that have both environmental and social aspects
such as road access. Also discussed were larger structures beyond the community level
such as the local economy, which disproportionately depends on outdoor tourism. In this
section we examine the places in the two counties that interviewees suggest are
vulnerable to wildfire. While definitions of vulnerability vary, this paper defines the term

as the inability of communities or individuals to evade, withstand, and recover from the
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negative effects of wildfire. In short, a community is vulnerable if it suffers a significant
population loss following a wildfire. Identifying vulnerable communities, both for their
physical and social characteristics, is an important first step towards increasing resiliency
to wildfire.

All interviewees believe that communities adjacent to or interspersed within high
concentrations of trees and other vegetation are particularly vulnerable. Many
acknowledge, especially those with firefighting experience, that the accumulation of
undergrowth vegetation leads to both faster fire spread on the ground and in the forest
canopy, also known as the crown. Crown fires are especially dangerous and difficult to
fight, “once fires get to the crown, there’s not really much you can do” says Napa Mayor
and former firefighter Scott Sedgley. Crown fires move quickly independent of ground
fire activity and can drop embers increasing danger for firefighters and residents on the
ground (Cruz & Alexander, 2014).

Many interviewees, including Lake County Supervisor Jessica Pyska and Napa
County Supervisor Diane Dillon, say that windy areas are particularly vulnerable. Winds
can help fires overcome fire breaks by propelling their embers through the air. Wind was
a major driver of the 2017 Tubbs Fire and the 2018 Sulphur Fire in Clearlake (D. Dillon
personal communication, June 2022; J. Pyska, personal communication, June 2022). In
2020 during the Glass Fire, strong winds blew embers across the valley floor over
vineyards, which normally act as fire breaks, igniting hills on the other side (S. Sedgley,
personal communication, June 2022). Pyska says that rural areas experience more intense
wind, which renders them more vulnerable to fire. Jim Wilson, a longtime Napa resident

who used to live on the city’s outskirts, says that wildfire can affect any part of the

30



county. He believes even downtown Napa is at risk, due to the prominence of wooden
buildings and non-native trees, which are less fire resistant. Napa Mayor Scott Sedgley
agrees that more urban areas in Napa could experience fire if a strong wind carries
embers from further down the valley.

Many interviewees were concerned with areas experiencing prolonged drought.
Drought stricken areas with dry vegetation due to tree mortality and excess undergrowth
was another attribute brought up in many of the interviews. Jim Wilson believes that
drought is a key factor in why his house burned down in 2020. He posits that if fuel is dry
enough, then fire spread can be largely independent of wind patterns stating that the fire
that destroyed his home even moved against the wind because the fuel was extremely
dry.

While Wilson’s experience was traumatic, he was able to use insurance money to
purchase a new home in Downtown Napa. Not everyone has the resources to safeguard
their home, evade, and recover from the effects of wildfire. Going beyond the biophysical
attributes of a community, all interviewees discussed at length the social factors that
make certain individuals and communities vulnerable to wildfire. Everyone interviewed
expressed that individuals and communities with a lower income are more vulnerable to
wildfire. Interview discussions of poverty’s influence on wildfire vulnerability center on
three main themes. The first, highlighted by several firefighters, is that lower-income
individuals and communities have less time and fewer resources to safeguard their homes
against fire danger. The second is that they are less-likely to be able to rebuild if their
home is hit, either due to a lack of fire insurance, which is becoming a challenge for

many even in the middle class, and money (T. Gamble, personal communication, June
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2022). Additionally, insurance companies often require home upgrades and defensible
space measures to even qualify for coverage, compounding the risk of those who can’t
afford and might not have the time to take such measures. The final theme is that working
class individuals are in hourly rate jobs, which means that when they’re evacuated due to
wildfire, they are relocated from their source of income, meaning that they no longer
have the same financial resources pre-fire. Calistoga Mayor Chris Canning was especially
concerned about the large number of hourly employees in his city. Canning says
Calistoga is “a working class community...when we have to shut the city down, their job
closes and they're not getting paid. Now imagine we're sending them somewhere else
with their kids, pets, et cetera and they're living paycheck to paycheck. They can't always
jump into a hotel or pay for the gas it's going to take to get as far from here as possible.”
Many interviewees expressed concern that the elderly population is particularly
vulnerable. They claim that the elderly are disproportionately less mobile, have problems
accessing internet tools that are used for wildfire evacuation alerts, and suffer health
effects due to smoke and other fire-related phenomena. Will Evans, Executive Director of
the Clearlake Environmental Research Center and Napa County Supervisor Diane Dillon
both recount stories in their respective counties of rural elderly residents not being able to
evacuate in time to avoid the fire. Former USFS hotshot firefighter Dallas Kohler says
that he also is concerned about the negative health effects of smoke, particularly on the
older population as a result of not only wildfires but also controlled burns. Jessica Pyska
worries about her grandmother and her relative lack of access to the many internet-based

alert systems that have come online since the 2015 Valley Fire.
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Several interviewees expressed that if enough people are affected by wildfire, be
it smoke concentration, burned buildings, or departing residents, the entire county’s
economy could drastically change. Both counties are highly dependent on the natural
landscape; Napa County has its wine industry and Lake County’s economy largely
centers on outdoor recreation. Napa County farmer and winemaker Tom Gamble lost his
entire 2020 crop to smoke taint, which was part of a countywide 50 percent reduction in
crop yield that year (D. Dillon, personal communication, June 2022). The fall in winery
productivity has real consequences across the county. For many Napa Valley towns such
as Calistoga, where 54 percent of revenue comes from a hotel tax, a decline in visitors
due to prolonged smoke and perceived fire danger is detrimental (C. Canning, personal
communication, June 2022). Ryan Gregory, a Napa County Supervisor says the area’s
economic vulnerability is incalculable and that the county lost over $1 billion in total
economic activity from the 2017 and 2020 wildfire seasons.

In Lake County, some fear that wildfires will drive people from smaller
communities and increase the cost of utilities for those who remain. Will Evans is
concerned that if enough people move out of rural areas, there will be fewer utility users
paying into the system, which will raise the cost of use and maintenance. Water is usually
managed by municipal governments and since Lake County is largely rural, only 31
percent of its population reside in incorporated cities compared to 83 percent in Napa
County (U.S. Census Bureau, 2020), most of the county’s residents must rely on a
patchwork of smaller water systems. According to Evans, 12 of the County’s 90 water
utility systems were affected by the Valley Fire. He says that “some of those [systems]

had as few as 200 connections. The next day, there were only 15 connections left and 15
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houses cannot support a whole water system.” According to Evans, having many small
and disparate water and sewage systems instead of a unified authority is a crucial
vulnerability throughout Lake County.

Many interviewees acknowledge that living in rural areas has unique challenges
and that wildfire can make those challenges more difficult to confront. Community-wide
cooperation knowledge of the surrounding land, and securing fire-reducing resources and
technology are important methods of overcoming these challenges in rural areas. People
from both Lake and Napa cite grassroots organizations such as Fire Safe Councils and
county-level non-profits like Resource Conservation Districts, as key assets for
employing those methods and building more resilient communities. While these
organizations assist both urban and rural communities, rural counties such as Lake
County lack the resources and funding of their more urbanized neighbors (J. Pyska,
personal communication, June 2022). Lake County Supervisor Jessica Pyska says that
many state officials expect Lake County to undergo the same grant writing practices as
wealthier and more populous neighboring counties like Napa which are able to supply
these organizations with more resources and staff. “[Going to your local RCD or fire safe
council] might work in Marin or Sonoma [two of the wealthiest counties in the United
States] where the capacity is already in place. Those organizations function in a way to
deliver those services... here we don’t have the capacity.”

Pyska highlights the importance of other grassroots groups that operate in similar
ways, such as Municipal Advisory Councils, which advise the county government on the
needs of unincorporated communities. The Clear Lake Environmental Research center,

which both Pyska and Ali Blodorn, Principal Forestry Program Manager at the Napa
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County RCD, say is a crucial asset. Additionally, agricultural areas are also key assets in
community resiliency as they often have the equipment to manage the landscape on their
properties (T. Gamble, personal communication, June 2022).

While the characterizations of vulnerability were diverse, the interviews pointed
to several common themes of communities that are vulnerable and lack resiliency to
wildfires. These areas have dense concentrations of dry vegetation, few ingress and
egress pathways, high proportions of mobile homes, large numbers of low-income and
elderly residents, and relatively few economic opportunities. These areas largely match
up with the index’s variables, however there are several, such as ingress and egress
routes, and job access weren’t included in the index. The next section explores specific
places identified as vulnerable and resilient by those interviewed.

Vulnerable Places

Interviewees labeled many communities as vulnerable, however several stand out
as they are cited multiple times, often with detailed justification. Except for Paul Duncan,
who is a CalFire Chief for a region that encompasses both counties, interviewees only
name specific places in their county of residence. There are some general comments like
“Lake County seems to get a lot of fires” from Napa County residents and “Napa County
generally has more resources” by residents of Lake County. Many of the communities
named in the interviews possess most of the characteristics used by the index. Figure 4.1
shows a map of each community referenced by interviewees. The two yellow circles on
the inset map of Figure 4.1 denote areas where there would likely be traffic buildup in the

case of an evacuation.
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Every Lake County resident interviewed believes the Kelseyville Riviera to be
extremely vulnerable to wildfire. The community is pinned between Clear Lake and
Mount Konocti While this is one of the wealthier areas of Lake County, its geography
limits ingress and egress routes for evacuation and is suffering from severe tree mortality
and hasn’t burned since the 1960s (P. Duncan, personal communication, June 2022).
Lake County Supervisor Jessica Pyska says there are “1,000 homes” with “an entire dead
standing forest right next to it in one of the areas with the highest fire risk, and there's no

way to get in and out...I hope it never burns but it likely will.”
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Figure 4.2: Map of places referenced as vulnerable in the interviews.
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To the south in Napa County, Calistoga is often cited as vulnerable to wildfire.
Tom Gamble sees Calistoga as the “most vulnerable place in Napa County.” The town is
located in the most forested area of Napa County and during the Glass Fire in 2020, was
surrounded on three sides, limiting egress routes (C. Canning, personal communication,
June 2022). Calistoga Mayor Chris Canning, who stayed behind to oversee the
evacuation, says “fire was hitting them on the east, west, and south... we were one wind
shift away from the whole city burning to the ground.” While Calistoga is an affluent
community, when compared to other places in the wealthy Napa Valley it has a relatively
large percentage of working class residents and nearly a quarter of its housing stock
consists of mobile homes (C. Canning, personal communication, June 2022; U.S. Census
Bureau, 2021).

Regarding social vulnerability, the city of Clearlake stood out in several
interviews. Clearlake is the most populous city in Lake County and also has the highest
poverty rate. For years, Clearlake had a deal with the state government to resettle inmates
recently released from prison (P. Duncan, personal communication, June 2022). Its health
rankings rank among the lowest statewide and consists largely of trailers and wooded
areas in its eastern part (A. Carmona, personal communication, June 2022; California
Healthy Places Index, 2022). In 2021 this area was hit by the Cache fire, and although its
burn area was relatively small, it destroyed 130 structures and prompted 1,600 residents
to evacuate (Marshall-Chalmers, 2022; Villalon & Kafton, 2021). The fire was started in
a homeless encampment and burned through two mobile home parks in the east of the
city (P. Duncan, personal communication, June 2022). According to Chief Duncan, the

area was conducive to fire spread and as the “houses were so tight together and its
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difficult to get in there and combat it.” Duncan also indicates that many of the residents
were “struggling to make ends meet as it is” and wonders if they are going to come back
as he hasn’t seen many of the community support structures that Cobb has.

Many Napa County residents identified areas in the north and east of the county.
The community of Angwin, which like the Riviera region near Mt. Konocti, hasn’t
experienced wildfire in several decades and suffers from tree mortality (D. Dillon,
personal communication, June 2022). Eastern Napa County, which is drier than the Napa
Valley and was affected by the Atlas and Hennessey Fires in recent years is another area
identified as vulnerable by many interviewees. Despite the recent large fires in this area,
it often only takes two years for vegetation to regenerate to the point where it’s ready to
burn again (J. Downs, personal communication, June 2022). In May 2022, the Old Fire
burned within the footprint of the 2017 Atlas Fire just northeast of the City of Napa (J.
Downs, personal communication, June 2022).

The City of Napa is the only area referenced where interviewees disagreed on its
vulnerability. Its Mayor, Scott Sedgley claims the city isn’t as vulnerable as the rest of
the valley. He says the city’s road network will prevent fire from spreading and points to
the ample supply of water pumps within city limits. Ali Blodorn, agrees that Napa has
relatively lower vulnerability than surrounding rural communities. City of Napa resident
Jim Wilson disagrees and maintains that everyone is vulnerable including those residing
in the city. While he lost his home on the outskirts of the city in 2018, Wilson emphasizes
that many properties within city limits contain old wooden houses and many trees.
During our interview, he believed the downtown Napa neighborhood we were sitting in

wouldn’t fare well if parts of it caught fire.
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Comparing Index and Interviews

Most of the index’s “severe” wildfire vulnerability areas are also cited in the
interviews. Communities such as the Kelseyville Riviera, Nice, and Yountville are
characterized as vulnerable by both the index and the interviews. Nice, the area with the
highest index score, wasn’t referenced often, however, the area is deemed very
vulnerable by former resident Ariel Carmona, who is the Executive Editor of the Lake
County Record-Bee. The Kelseyville Riviera, which is the place most frequently cited as
vulnerable in the interviews, was classified as having severe vulnerability in the index. In
Napa County, the mountainous areas near the city of Yountville were shown by both the
index and the interviews to have severe vulnerability. Tom Gamble owns a vineyard here
and expresses concern at the relative “lack of care for the land” shown by some of his
neighbors, who have let vegetation on their lots become “too dense.” Areas to the north
and west of here are part of the burn scar of the 2017 Tubbs Fire.

While most of the vulnerable places suggested by the interviewees were
supported by the index, there is one place that wasn’t, the Lake County community of
Cobb. The index classifies Cobb as having only “moderate” wildfire vulnerability despite
being mentioned as vulnerable in two interviews. This is largely because of Cobb’s high
level of precipitation and low poverty rate, the two most important index variables. In
fact, Cobb has the lowest drought index out of any census tract in the study area and has a
poverty rate below that of the two-county combined average.

However, despite two interviewees labeling Cobb as a vulnerable place, three
interviewees highlighted that Cobb is particularly resilient despite its high fuel load.

CalFire Chief and Cobb resident Paul Duncan believes his Lake County community is a
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model for wildfire resiliency. Much of this resiliency is owed to the experience gained
from the 2015 Valley Fire, which destroyed nearly 2,000 structures, killed four people,
and required 4,000 firefighters to extinguish (CalFire, 2015). Both Duncan and Jessica
Pyska, who are neighbors, are involved with the Cobb Area Council, a body that formally
advises the county government on issues in the unincorporated area encompassing Cobb
and adjacent communities. The council is a nexus for local fire safe councils to share
ideas, offers safety classes, and engages new and seasonal residents who might not be as
familiar with the fire-prone landscape. Both Duncan and Pyska say that Cobb is unique
among area communities for its sense of togetherness and cooperation and Ariel Carmona
singles out Cobb as an area that would handle a large wildfire “better than most.”

While some of the interviewees disagreed whether the City of Napa is vulnerable,
the index identified several high-vulnerability census tracts within the city. An area
immediately to the southeast of the city was the only census tract within or bordering the
city to receive a “severe” vulnerability rating. The reason is that this area has a poverty
rating of 83.9 percent (U.S. Census Bureau, 2022) because it contains the Napa State
Psychiatric Hospital, which treats patients interned for mental disorders. In 2017, the
Thomas Fire in Ventura County burned through a similar hospital setting where the
patients were evacuated with little time to spare (Feder Ostrov, 2017). That same year,
the Atlas Fire entered within just three quarters of a mile of the hospital and in 2018, the
significantly smaller Syar fire came right up to the campus boundaries (CalFire, 2018).
This area was not explicitly identified as vulnerable in the interviews. Quantitative
analysis supplemented with in-depth local knowledge is a powerful indicator of wildfire

vulnerability at more specified scales.
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Chapter 5: Conclusion

The main objective of this paper is to evaluate and compare wildfire vulnerability
at the census tract level across Lake and Napa Counties in California. It uses a mixed-
methods approach employing both quantitative and qualitative methods to holistically
examine the biophysical and socio-economic determinants of wildfire vulnerability.
Together these methods show that places such as Nice, on the northern shore of Clear
Lake (See Figure 3.1), the Kelseyville Riviera (See Figure 3.1 inset map), the census
tracts comprising of the city of Clearlake, and the area surrounding the Napa community
of Yountville were the most vulnerable communities in the study area. Places like Cobb
in Lake County, while experiencing devastating wildfire in the last decade, have
demonstrated relative resiliency through community cooperation and past experience.
Similarly resilient, albeit for different reasons, southern Napa County and the Napa
Valley prove to be relatively less vulnerable due to a lower fuel load and a more affluent
populace.

The results of this paper provide a crucial local perspective to existing research on
wildfire vulnerability. Various other studies have created similar indices that analyze
wildfire vulnerability at national and regional scales (Including Davies et. al, 2018; Auer
and Hexamer, 2022; Scott et. al, 2020). While these studies are important, they compare
places with a high variance of landscapes and demographics. In comparison, this paper’s
framework favors a local perspective comparing similar landscapes across the two-county
study area and similar populations within each county. Measuring wildfire vulnerability

is important for county and municipal governments, especially in California and the
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western United States as they plan with different communities on decreasing wildfire
vulnerability.

There are, however, several limitations that are worth examining in further
research. For the index, it would be worthwhile to incorporate road access and wind
speed as well as substitute vapor pressure deficit data for the Palmer Drought Severity
Index. Furthermore, while the interviews include a broad cross-section of people from
both counties, no tribal members were interviewed. There were multiple attempts made to
reach out to tribal leaders, however, no response was received.

Despite these minor limitations, the congruency of the index with our perspective
paints a revelatory picture of wildfire vulnerability in Lake and Napa Counties and
informs measures for lowering vulnerability and enhancing resilience to wildfires in

California and beyond and counties throughout California and the Western United States.
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Appendix

List of Interviewees

1. Blodorn, Ali: Principal Program Manager, Forestry for the Napa Resource
Conservation District. Resident of Napa County.

2. Canning, Chris: Mayor of Calistoga, California. Resident of Napa County.

3. Carmona, Ariel: Executive Editor of the Lake County Record-Bee. Resident of
Lake County.

4. Crawford, Ralph. Retired Forensic Fire Investigator. Resident of Napa County.

5. Dillon, Diane: Member of the Napa County Board of Supervisors (Retired in
January 2023). Resident of Napa County.

6. Downs, Jason: Fire Captain, Napa County Fire Department (Part of the California
Department of Fire and Forestry). Resident of Napa County.

7. Duncan, Paul: Division Chief of Operations for the Sonoma Lake Napa Unit of
the California Department of Fire and Forestry. Also a Chief for the South Lake
County Fire Protection District. Resident of Lake County.

8. Eberling, Barry: Reporter for the Napa Valley Register. Resident of Napa County.

9. Ellsworth, Geoff: Mayor of St. Helena, California. Resident of Napa County.

10. Evans, Will: Executive Director of the Clear Lake Environmental Research
Center. Resident of Lake County.

11. Gamble, Tom: Napa Valley Farmer. Resident of Napa County.

12. Gregory, Ryan: Member of the Napa County Board of Supervisors. Resident of

Napa County.
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13.

14.

15.

16.

17.

18.

19.

Hernandez, Erick: Defensible Space Inspector for the Napa County Fire
Department (Part of the California Department of Fire and Forestry). Resident of
Napa County

Kohler, Dallas: Former Hotshot Firefighter in the Mendocino National Forest.
Served Lake County.

Pyska, Jessica: Member of the Lake County Board of Supervisors. Resident of
Lake County.

Sedgley, Scott: Mayor of Napa, California and Retired Firefighter. Resident of
Napa County.

Alan Waltner: San Francisco-based Lawyer. Owns a second home in Lake
County.

White, Johnnie: Former Firefighter with the California Department of Fire and
Forestry. Resident of Napa County.

Wilson, Jim: Resident of Napa County who lost his home to wildfire.
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