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Abstract
This study investigates the impact of significant wildfires from 2019 to 2022 on nine
sectors within the US capital markets, utilizing a dataset encompassing 161 wildfires.
Employing a combination of parametric and nonparametric tests, alongside regression
analysis, the research scrutinizes how capital markets in distinct sectors respond to
wildfire events, revealing nuanced effects. In sectors directly impacted, the insurance
industry displays sensitivity to fire costs, with explicit country or eventmentions corre-
lating with sustained returns. Conversely, the real estate sector experiences diminished
returns during prolonged wildfires, while the forestry and timber industry exhibits
heightened sensitivity to fire costs, especially when ignited by lightning. Within indi-
rect impact sectors, the health industry shows vulnerability to fire-related fatalities,
with subsequent negative correlations with country mentions. In the food industry, fire
costs contribute positively to returns, while duration and size yield negative effects.
The transportation industry witnesses a gradual decline in returns, escalating with the
number of fire days or associated costs. In resilience and mitigation sectors, utilities
demonstrate recovery post-wildfires, contrastingwith consistent declines in the energy
sector. Among interconnected sectors, the travel and tourism industry sees increased
returns tied to the number of victims, with events caused by human actions having
a more pronounced impact. This research underscores the significance of tailored
risk assessment and mitigation strategies, offering valuable insights for investors and
policymakers navigating the intricate relationship between environmental events and
financial markets.
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1 Introduction

Wildfires in the USA are a complex and evolving phenomenon, significantly impact-
ing diverse ecosystems, from forests to grasslands. Extensively documented in prior
research, these wildfires vary in frequency, intensity, and distribution (Sherriff et al.
2014). Beyond immediate devastation, wildfires draw attention due to their economic,
environmental, and human life implications, with recent trends exacerbated by cli-
mate change and human actions (Marlon et al. 2012). This study comprehensively
examines the intricate interplay between wildfires, the US economy, and capital mar-
kets. It departs from conventional views, recognizing wildfires as complex events with
profound consequences for economic activities and financial systems. Motivated by
the increasing wildfire threat in recent years, linked to climate change and amplified
by temperature shifts, droughts, and precipitation changes (Abatzoglou and Williams
2016; Dennison et al. 2014), this research employs a robust methodological approach.
It encompasses parametric and nonparametric tests, regression analysis, and a diverse
set of economic and trend variables.

This study contributes significantly to the existing literature in several ways. Firstly,
it employs an extensive array of statistical tests, including four parametric and non-
parametric tests, as well as robustness tests, enhancing the reliability and robustness
of the findings compared to conventional event research within the wildfires domain.
Secondly, the study assesses the impact of wildfires on nine distinct sectors in the
USA. Thirdly, it introduces eight macroeconomic and trend variables into the wild-
fires research landscape, providing a comprehensive understanding of the impact of
wildfires across diverse economic contexts. Lastly, the study enhances its credibility by
examining large wildfire events sourced from the National Interagency Coordination
Center. Thefindings reveal a nuanced relationship betweenwildfires andUS stockmar-
ket sectors. “Direct impact” sectors like insurance and real estate experience negative
cumulative abnormal returns (CAR) due to immediate financial implications and prop-
erty damage. In contrast, “indirect impact” sectors like food and transportation exhibit
positive CAR driven by increased demand and supply chain adjustments. “Resilience
and mitigation” sectors, including utilities and energy, display mixed responses, while
the “tourism” sector shows an initial decline followed by a sharp rebound. The regres-
sion analysis underscores the importance of wildfire characteristics, indicating that
larger wildfires lead to more significant financial losses and differential effects on
sectors.

2 Literature review

2.1 Economic and financial impacts of natural disasters

Natural disasters, encompassing events such as earthquakes, floods, hurricanes, and
wildfires, are recurrent global challenges that exert profound influences on economies
and financial systems. Numerous scholars have undertaken investigations into this
multifaceted phenomenon, shedding light on its profound implications for both
macroeconomic indicators and financial markets.
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2.1.1 Economic consequences of natural disasters

Natural disasters wield a profound influence on the economies of afflicted nations,
a consensus corroborated by several studies conducted by scholars such as Bergholt
and Lujala (2012), Cavallo et al. (2013), Crespo Cuaresma et al. (2008), Kim (2010),
and Skidmore and Toya (2002). These researchers collectively affirm the existence
of a significant negative effect on the real gross domestic product (GDP) in countries
affected by natural disasters. The distinctive characteristics of the natural disaster
itself wield substantial influence over its economic ramifications. Specifically, climate-
related disasters have been observed to stimulate the accumulation of human capital
and foster technological development, thus acting as catalysts for economic growth. In
stark contrast, geologic disasters tend to precipitate the destruction of human capital,
thereby introducing distinctive complexities and challenges to post-disaster economic
recovery.

In an additional study conducted by Noy (2009), an inquiry was undertaken to
discern the factors that bolster a nation’s capacity to withstand the economic shocks
emanating from natural disasters. Noy’s research underscores a set of determinants,
including higher per capita income, heightened engagement in international trade, ele-
vated government expenditure, increased foreign currency reserves, and a more robust
domestic credit environment. These elements collectively contribute to heightened
financial resilience when confronted with the disruptive forces of natural calamities.

2.1.2 Financial impacts of natural disasters

Natural disasters have significant financial impacts across various sectors, including
stock markets, corporate valuations, sustainability indices, energy prices, government
finances, and banking systems. While some studies initially suggested that natural
disasters could lead to stock market volatility, subsequent research has offered more
nuanced perspectives. For instance, Worthington and Valadkhani (2004) found that
Australian stockmarkets experienced notable fluctuations in response to natural disas-
ters, with the most significant effects occurring on the day of the event and subsequent
adjustments in the following days. However, Worthington (2008) later argued that
natural disasters do not significantly contribute to overall stock market volatility.

In addition to stock markets, natural disasters impact corporate valuations.
Kowalewski and Śpiewanowski (2020) discovered an average 1.15% drop in mar-
ket value for affected potash mining firms within two days of a disaster, affecting
both current and future competitors. Hendricks et al. (2020) examined supply chain
disruptions resulting from the 2011 Great East Japan Earthquake and found significant
losses for affected firms, underscoring the broader consequences for supply chains.
Sustainability indices have also felt the influence of natural disasters. El Ouadghiri
et al. (2021) noted positive impacts on US sustainability stock indices due to increased
public attention to climate change and pollution, reflecting investor preferences for
sustainable investments.

Furthermore, natural disasters affect energy markets, as highlighted by Wen et al.
(2021), who found increased oil price risk associated with both natural and human-
induced extreme events. Government finances are not immune to these impacts. Chen
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(2020) emphasized the importance of disaster reserves for local governments in miti-
gating financial strains resulting from natural disasters. The banking sector faces risks
as well. Klomp (2014) identified geophysical and meteorological events as posing
significant threats to commercial banks, emphasizing the need for effective risk man-
agement. Lastly, Keerthiratne and Tol (2017) found that natural disasters can increase
private credit, particularly in lower-income countries, revealing a complex relationship
between disasters and financial development.

2.2 Wildfires in the USA

2.2.1 Causal factors of wildfires

Climate change stands out as a primary driver behind the surge in wildfires across
the USA. Escalating temperatures, prolonged droughts, and shifting precipitation pat-
terns collectively create an environment increasingly prone to ignition and the rapid
spread of fires, as convincingly documented by Abatzoglou andWilliams (2016). The
heightened vulnerability due to climate change finds further support in the research
conducted by Barnard et al. (2023), which delves into the impact of climate change
on wildfires in the western USA. Their findings reveal a concerning trend of rising
wildfire frequency and intensity, with significant adverse effects on mountain source
water systems and agricultural water supply.

The period from 2019 to 2022 witnessed extraordinary fire seasons across the
USA, marked by prolonged fire durations, habitat destruction, and even the emer-
gence of nocturnal wildfires. California, in particular, faced substantial challenges
due to its Mediterranean climate, extended droughts, and the prevalence of dry Santa
Ana winds—conditions highly conducive to wildfires, as highlighted by Keeley and
Syphard (2021). The Pacific Northwest has also experienced substantial wildfires,
partly attributed to evolving climate conditions. An example is the Bootleg Fire in
Oregon, which emphasized the heightened risk of large-scale fires in the region due
to climate change and forest management practices.

A notable shift in recent years has been the expansion of human communities
into wildfire-prone areas, known as the wildland-urban interface (WUI). Population
growth, urban sprawl, and housing developments in these regions have significantly
increased the interface between human activities and fire-prone landscapes, creating a
multifaceted challenge for wildfire management. Consequently, fires now pose threats
to both human lives and property, as noted by Burke et al(2021). Human activities,
whether accidental or intentional, have also significantly contributed to recent wild-
fires. Ignition sources such as unattended campfires, discarded cigarettes, power line
issues, and equipment malfunctions can act as potential sparks, particularly in dry and
windy conditions. Additionally, arson has intentionally ignited wildfires, underscoring
the importance of public awareness, fire safety education, and responsible behavior in
fire-prone regions Balch et al. (2017).
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2.2.2 Economic and financial impact of wildfires

The economic and financial consequences of wildfires have become more pronounced
over the last few years, affecting a wide spectrum of sectors, including agriculture, real
estate, insurance, tourism, and public health. Wildfires can have catastrophic conse-
quences for the agricultural sector. Regions susceptible to wildfires often experience
the destruction of crops, grazing lands, and agricultural infrastructure, resulting in
substantial losses for farmers and ranchers. As a result, this can lead to reduced agri-
cultural production, increased operational costs, and potential long-term effects on
food prices, as noted by Kabeshita et al. (2023).

Furthermore, the real estate sector faces immediate economic repercussions fol-
lowing wildfires. The destruction of residential and commercial properties, along with
the displacement of entire communities, results in substantial property damage and
insurance claims amounting to billions of dollars. While necessary, the processes of
rebuilding and recovery impose additional financial burdens on local governments and
insurers, potentially straining their financial resources, as observed by Thompson et al.
(2023). Additionally, Mueller et al. (2009) found that wildfires in California led to a
10% decrease in house prices after the first fire and a 23% decrease after the second
fire. The insurance industry plays a crucial role in managing the financial aftermath of
wildfires. With the increasing frequency and severity of wildfires, insurance compa-
nies face rising claims and liabilities. This can result in higher insurance premiums for
policyholders and, in some cases, the withdrawal of insurance coverage from high-risk
areas, exacerbating the economic impact on homeowners and businesses, as discussed
by Benali and Feki (2017).

Tourism, a significant source of revenue formanyUS regions, can suffer whenwild-
fires, especially when accompanied by poor air quality, discourage tourists and disrupt
travel plans. The subsequent decline in tourism-related activities, including accommo-
dation, dining, and outdoor recreation, can result in revenue losses for local businesses
andmunicipalities, as highlighted by Thapa et al. (2013).Wildfires extend their impact
beyond the aforementioned sectors, affecting timber and forest management (Galizia
et al. 2021), transportation and logistics (Niggli et al. 2022), and infrastructure mainte-
nance (Wang et al. 2021). The scale and complexity of these economic repercussions
underscore the urgent need for a comprehensive analysis of wildfires’ influence on the
US economy and its capital markets.

2.3 Event study and natural disasters

The event study methodology, originating in the 1960s, provides a systematic frame-
work for assessing the influence of events on financialmarkets. Early pioneers likeBall
and Brown (1968) and Fama et al. (1969) investigated earnings announcements and
stock splits, respectively, shaping its initial development. Methodological enhance-
ments by scholars such as Patell (1976) and Cowan (1992) improved its precision
and robustness. This methodology has transcended its original scope in capital mar-
ket analysis, finding application across disciplines. In environmental studies, Palatnik
et al. (2019) and Tavor (2023) evaluated the impact of gas discoveries on foreign
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exchange markets. In marketing research, Delattre (2007) reviewed marketing articles
using the event study methodology. Duso et al. (2010) examined merger profitability
in accounting. Even the tourism sector has benefited, with Teitler-Regev and Tavor
(2023) applying it to understand Airbnb’s effects on hotel companies.

The academic discourse on natural disasters’ impact on financial markets is mul-
tifaceted. It covers various aspects of this topic, revealing how financial markets
respond to unexpected natural events (Koerniadi et al. 2016). Becerra et al. (2014)
explore Official Development Assistance (ODA) post-disasters, finding it often inad-
equate and influenced by event severity and recipient characteristics. Another focus
is on financial firms’ responses to natural disasters. Chen et al. (2023) discovered
diverse reactions, with security companies experiencing significant negative returns,
banks reacting mainly to earthquakes, and insurance companies showing less impact.
Sovereign credit risk is another intriguing dimension explored by Di Tommaso et al.
(2023), highlighting varying responses across European sovereigns to natural disas-
ters. Corporate social responsibility (CSR) emerges as an influential factor shaping
stock performance during disasters. Malik et al. (2023) found that CSR-focused firms
outperformed during disasters, especially those emphasizing environmental CSRprac-
tices.

Equity markets also come into focus. Li (2012) examines the Australian market’s
response to natural catastrophes, revealing varied effects across industries. Addition-
ally, Robinson and Bangwayo-Skeete (2016) emphasize significant losses in stock
markets in small island developing states post-disasters. Similar findingswere reported
by Bourdeau-Brien and Kryzanowski (2017), who delved into the impact of natural
disasters on US firms’ stock returns and volatilities, with notable effects on firms in
affected regions. In contrast, Akkuş and Kişlalioğlu (2023) find no significant differ-
ence in Turkish sectoral stock indices after earthquakes. Furthermore, Luo’s analysis
(2012) of the global impact of the 2011 Japanese earthquake on stock markets reveals
a mixed set of effects, illustrating the global interconnectedness of financial markets.
Intriguingly, Teitler-Regev and Tavor (2019) explore profit opportunities for investors
during natural disasters, advocating for short-selling strategies and risk management
practices, recognizing that certain financial opportunities can emerge even in the face
of disasters.

2.4 Hypotheses and theoretical framework

Building upon the empirical evidence presented above, the following hypotheses are
formulated:

Hypothesis 1 (H1) The cumulative abnormal return differs significantly among sectors
in the pre- and post-wildfire events.

Rationale for Hypothesis 1:
H1 is rooted in the extensive body of research demonstrating that natural disasters

affect economic sectors differently. Extensive research, such as Becerra et al. (2014)
andRobinson andBangwayo-Skeete (2016), underscores the sector-specific responses
to natural events in financial markets. For instance, sectors like insurance and real
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estate may experience negative cumulative abnormal returns (CAR) due to immediate
financial implications and property damage, as observed in Mueller et al. (2009). In
contrast, sectors like food and transportation may exhibit positive CAR, driven by
increased demand and supply chain adjustments, as suggested by Kowalewski and
Śpiewanowski (2020) and Hendricks et al. (2020). The distinct impacts across sectors
underscore the necessity of exploring the stock market response to wildfires within
each sector individually.Moreover, the event studymethodology, as effectively applied
in contexts such as profit opportunities during natural disasters by Teitler-Regev and
Tavor (2019), further supports this hypothesis. Therefore, H1 posits that the effect of
wildfires on stock indices is not uniform and significantly varies among sectors.

Hypothesis 2 (H2) There is a significant relationship between the size and economic
cost of wildfires and the cumulative abnormal return in specific sectors within the US
stock market.

Rationale for Hypothesis 2:

H2 is based on the recognition that the magnitude and financial consequences of wild-
fires have distinctive effects on the stock returns of specific sectors, in accordance with
prior research. The discourse on natural disasters underscores that the scale and impli-
cations of these events play a pivotal role in shaping financial outcomes. Akkuş and
Kişlalioğlu (2023) emphasize the significance of event severity in influencing sectoral
stock indices. Similarly, the economic and financial consequences of wildfires, as elu-
cidated byKabeshita et al. (2023) and Thompson et al. (2023), illustrate how the extent
of destruction and associated costs can impact various sectors, including agriculture,
real estate, and insurance. This rationale aligns with the event study methodology’s
capability to measure and quantify the effects of event characteristics on stock market
responses, as demonstrated by Teitler-Regev and Tavor (2019). Thus, H2 posits that
the size and cost of wildfires play a significant role in shaping sector-specific stock
returns within the US stock market.

3 Data and empirical methodology

3.1 Data

In this section, the data collection process and methodological framework designed to
assess the ramifications of wildfires that unfolded in the USA on the financial markets
of nine sectors are explored. These sectors, namely insurance, real estate, forestry
and timber, health, food, transportation, utilities, energy, and tourism, have been cat-
egorized into four distinctive groups: direct impact sectors, indirect impact sectors,
resilience and mitigation sectors, and interconnected sectors. The primary focus of
this research centers on substantial wildfires that occurred over a four-year period,
spanning from 2019 to 2022. The crucial data for this analysis were gathered from the
National Interagency Coordination Center (NICC), serving as the fundamental dataset
for the investigation.
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Fig. 1 Temporal distribution of significant wildfires in the USA. Note This figure presents the distribution
of notable wildfires in the USA spanning the years 2019 through 2022. The primary y-axis denotes wildfire
size, measured in thousands of acres and represented by a black line, while the secondary y-axis signifies
the cost of wildfires, quantified in millions of dollars and indicated by a gray line

The dataset encompasses a total of 161 significant wildfires, distributed across the
four years under scrutiny. Specifically, the count stands at 27 wildfires in 2019, 51 in
2020, 38 in 2021, and 45 in 2022, as visually depicted in Fig. 1. These wildfires serve
as the basis for the study as the research seeks to evaluate their influence on financial
markets.

To conduct a comprehensive assessment of the influence of US wildfires on finan-
cial markets, a diverse array of stock and sectoral indices, coupled with a market
index, have been employed. This diversified spectrum of indices encompasses a broad
swath of sectors and market segments, allowing for a multifaceted analysis. The roster
of sectoral indices comprises the Dow Jones Insurance index (InsureX), Dow Jones
Real Estate index (RealEstX), Dow Jones Health Care index (HealthX), Dow Jones
Food Retail & Wholesale index (FoodX), Dow Jones Industrial Transportation index
(TranspoX), Dow Jones Utilities index (UtiliX), S&P 500 Energy index (EnergyX),
Dow Jones Travel & Tourism index (TourX), and the noteworthy Forestry and Tim-
ber Industry index (TimberX). The latter, TimberX, has been constructed from the
amalgamation of data pertaining to the four largest companies in the industry: Pot-
latchDeltic (PCH), Rayonier (RYN), UFP Industries Inc (UFPI), and Weyerhaeuser
Company (WY).

In addition to these sectoral indices, the inclusion of the S&P 500 index (S&PX) in
the analytical framework serves the essential purpose of calculating abnormal returns
within different sectors during wildfire events. To obtain the requisite data for the
analysis, the daily returns for the designated indices over a defined temporal span
encompassing 251 days for each wildfire event were sourced from Investing.com.
This temporal framework is divided into 205 days leading up to the announcement of
the wildfire and 45 days following the announcement. This data collection methodol-
ogy has been devised to provide insights into both short-term and long-term impacts
stemming from the occurrence of wildfire events.
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The outcomes presented in Fig. 1 provide a comprehensive depiction of the temporal
and geographical distribution of wildfires. Notably, the data reveal that wildfires are a
year-round phenomenon, with a pronounced surge in occurrences during the summer
months, primarily from June to August. Within this timeframe, Fig. 1 highlights three
noteworthy wildfires that stand out due to their size and economic impact.

Thefirst of these significantwildfires, namedTettjajikCreek, ignited in theNorthern
California Area on August 17, 2020. This formidable wildfire engulfed an extensive
area, spanning 1,032,648 acres and incurring substantial economic losses amounting
to 116 million dollars. The second major wildfire, known as Dixie, erupted in the
Northern California Area on July 13, 2021. It left a significant mark, covering a vast
territory of 963,309 acres and causing extensive economic damage totaling 637million
dollars. Lastly, the third major wildfire, Lime Complex, originated in the Alaska Area
on June 15, 2022. Although it covered a substantial land area of 865,625 acres, its
economic impact was relatively lower, resulting in damages amounting to 13 million
dollars.

3.2 Empirical strategy

3.2.1 Event study methodology

This study employs the event study methodology as described by MacKinlay (1997)
to investigate the impact of wildfires in the USA on financial markets.

In employing the event study methodology, day zero (t � 0) was defined as the
wildfire’s outbreak date, with adjustments for non-trading days. Two key time frames
were established: the estimation window (L1), covering days t ∈ [− 205, − 6], for
statistical data collection, and the event window (L2), spanning days t ∈ [− 5, + 45],
to assess immediate and longer-term effects on financial markets.

Rit � αi + βi Rmt + εi t (1)

whereRit represents the daily returns related to the event i, whileRmt signifies the daily
returns of the overall market portfolio, represented by the S&P 500 index, and εi t is
the error term. Abnormal returns (AR) for each event are then computed by comparing
actual returns (Rit) with expected returns and can be calculated as:

ARit � Rit − α̂i − ̂βi Rmt (2)

The cumulative abnormal returns (CAR) were calculated as follows:

CARi , t1, t2 �
t2

∑

t�t1

ARit (3)

In this study, an array of parametric and nonparametric tests were utilized to assess
the significance of abnormal returns and cumulative abnormal returns. The first para-
metric test, Patell’s standardized residual test (1976), was employed to gauge the
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resilience of abnormal returns while considering cross-sectional correlation. A sec-
ond parametric test, the standardized cross-sectional approach (BMP) introduced by
Boehmer et al. (1991), addressed limitations associated with the standard t-test when
applied to event-induced variance.

Nonparametric tests, which do not make assumptions about data distribution, were
also incorporated. The Sign Test (SIGN) developed by Cowan (1992) was applied to
handle skewed return distributions, while the Generalized Sign Test (G-SIGN), also
proposed by Cowan (1992), compared the rate of positive abnormal returns during an
event period to an unaffected period.

3.2.2 Regression methodology

In alignment with event research methodology, this study integrates an extensive ana-
lytical approach, employing weighted least squares (WLS) regression analysis. The
utilization of WLS aims to extend the investigation into the intricate relationship
between abnormal returns and various indicators of fire severity, trend variables reflect-
ing exposure to events, and the impact of spatial influence score (SIS) across different
sectors. This section elucidates the intricacies of the regressionmodel employed, eluci-
dating its pivotal role in broadening the analytical framework of this study. As depicted
in the ensuing equation:

WSS
(

β, γ , δ, Wreg
) �

N
∑

i�1

Wreg

⎡

⎣CAR[t1, t2]k, i − βk, 0, iCAR[−5, −1]k, i − βk, 1, iCausek, i −
6

∑

j�1

βk, j , i

ln(WildfireFactor)k, j , i −
2

∑

l�1

γk, l, i ln(GTW)k, l, i −
9

∑

s�1, s ��k

δk, s, iSectorEffectk, s, i

⎤

⎦

2

(4)

Within the scope of this regression analysis, the study engages with several key
indices and variables. The index “i” designates the event number, spanning from 1 to
N, while the categorical index “k” distinguishes among the nine sector indices under
scrutiny. Additionally, “j” denotes the variable associated with wildfire characteris-
tics, “l” signifies the index for Google Trend Worldwide (GTW) variables, and “s”
represents the sector index accounting for the effect of other sectors.

The regression coefficients, symbolized as “β,” elucidate the relationship between
the dependent variable—abnormal returns—and the indicators of wildfire severity
variables. Concurrently, the coefficients “γ” unveil the association between abnormal
returns and trend variables, while “δ” reflects the spatial influence score. The explana-
tory variables encompass an assorted array of indicators related to wildfire severity,
trend variables, and spatial influence score variables.

Specifically, indicators ofwildfire severity encompass components such as “Cause,”
categorizing wildfire responsibility into 1 for ‘lightning,’ 2 for ‘under investigation,’
and 3 for ‘human.’ The “WildfireFactor” indicator differentiates among five other
severity indicators: “Size,” quantifying the wildfire area’s extent in acres; “Cost,”
gauging monetary expenses in US dollars; “Fatalities” and “Casualties,” denoting the
number of lives lost and individuals injured during thewildfire incident; and “Datedif,”
representing the temporal duration of the wildfire event in days.
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Beyond severity indicators, the analysis incorporates trend variables (GTW), con-
sisting of two variables, labeled “GTW-E” and “GTW-S,” publicly available through
Google Trends. These variables serve as quantitative measures of public discourse and
prevalence related to wildfires, offering distinct perspectives by segmenting references
according to event nomenclature and geographical state classifications. Values range
from 0 to 100, where 100 denotes the highest frequency of mentions and 0 indicates
the absence of mentions, with intermediate values allocated proportionally.

Furthermore, the analysis introduces the “SectorEffect” variable, examining the
spatial influence score between different sectors, defined by the equation:

SectorEffectk, s, i � Wsec, k, s • CAR[t1, t2]k, s, i (5)

In this context, Wsec, k, s denotes the weight signifying the influence of sector “s”
on sector “k,” computed through the utilization of Input–Output (I–O) accounts data
retrieved from the US Bureau of Economic Analysis (BEA) government website, as
detailed in Appendix A. CAR[t1, t2]k, s, i represents the cumulative abnormal return
of sector “s” during a specific period.

4 Empirical results

This section presents a comprehensive overview of the research findings, emphasizing
the primary research objective: evaluating the repercussions of wildfires in the USA
on the financial markets within nine distinct sectors. Furthermore, the study explores
the effectiveness of investor strategies in capitalizing on this event to achieve excess
profits. Additionally, an examination is conducted to identify any potential additional
variables that may influence the abnormal returns observed in these sectors in the
immediate aftermath of the wildfires.

4.1 Descriptive statistics

Table 1 in this study provides essential descriptive statistics to offer insights into
various aspects related to stock indices, wildfire severity variables, and trend vari-
ables. These statistics are presented in two panels. Panel A details nine sector indices
grouped into categories: direct impact sectors (InsureX, RealEstX, TimberX), indi-
rect impact sectors (HealthX, FoodX, TranspoX), resilience and mitigation sectors
(UtiliX, EnergyX), and interconnected sectors (TourX). The S&PX market index is
also included. This grouping helps organize the analysis of these indices in response to
wildfire events. Panel B provides a comprehensive description of regression variables,
including event severity variables (Size, Cause, Cost, Fatalities, Casualties, Datedif)
and trend variables (GTW-E, GTW-S). These variables are essential for quantifying
wildfire event severity and understanding evolving trends.

Analysis of the findings presented in Panel A reveals discernible variations in both
the mean returns and standard deviations among various sectors. Notably, the food
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Table 1 An overview of descriptive statistics for stock indices and regression variables

Variables N Mean Std. Dev Min Median Max

Panel A: market model indices

Stock indices

Direct impact sectors

InsureX 1678 0.046 1.318 − 11.930 0.090 11.250

RealEstX 1678 0.014 1.393 − 17.430 0.060 8.530

TimberX 1678 0.037 2.103 − 20.890 0.126 22.995

Indirect impact sectors

HealthX 1678 0.046 1.127 − 10.260 0.070 7.610

FoodX 1678 0.065 1.269 − 10.620 0.110 8.090

TranspoX 1678 0.051 1.474 − 12.010 0.070 11.060

Resilience and mitigation sectors

UtiliX 1678 0.022 1.292 − 11.530 0.070 13.000

EnergyX 1678 0.035 2.074 − 20.080 0.040 16.310

Interconnected sectors

TourX 1678 0.047 2.156 − 12.540 0.090 14.880

Market index

S&PX 1678 0.049 1.234 − 11.980 0.070 9.380

Panel B: regression variables

Size 161 129.321 140.172 40 85.073 1,032.648

Cause 161 1.594 0.712 1 1 3

Cost 141 41.702 84.398 0 11.656 637.428

Fatalities 20 2.900 3.567 0 2 16

Casualties 26 10.192 19.250 1 5 100

Datedif 161 45.621 37.352 0 35 196

GTW-E 161 44.206 34.407 5 18 100

GTW-S 161 48.857 35.890 0 67 100

This table encompasses an extensive array of statistical metrics. In Panel A, nine sector indices and market
index are presented and expressed as percentages. Shifting to Panel B, it includes variables such as “Size,”
quantifying the wildfire area in thousands of acres; “Cause,” categorizes wildfire responsibility as follows:
1 for ‘lightning,’ 2 for ‘under investigation,’ and 3 for ‘human; “Cost,” measuring monetary expenses in
millions of US dollars related to wildfire incidents; “Fatalities” and “Casualties,” representing the number
of lives lost and individuals injured during wildfire events; and “Datedif,” denoting the temporal duration of
wildfire events in days. Additionally, two trend variables, “GTW-E” and “GTW-S,” function as quantitative
indicators of the extent and frequency of public discourse concerningwildfires, based on event nomenclature
and geographic state classifications. These variables are measured on a continuous scale ranging from 0 to
100

sector exhibits the highest return, yielding 0.065%, while the real estate sector dis-
plays the lowest return at 0.014%. In terms of volatility, the forestry and timber,
and tourism sectors exhibit the highest degrees of variability, with values of 2.103%
and 2.156%, respectively. Conversely, the health sector demonstrates a comparatively
lower standard deviation, indicating greater stability with a value of 1.127%.
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Panel B of the analysis sheds light on various aspects of forest wildfires. Notably,
the average size of these wildfires stands at 129,321 acres, and the largest wildfire,
Tettjajik Creek, covers an extensive 1,032,648 acres. Lightning is the predominant
cause of these fire incidents, and the average cost associated with these wildfires
is approximately 41.702 million dollars. The Dixie fire stands out as the costliest,
reaching a 637 million dollars. These wildfires also resulted in casualties, with 16
deaths and 100 injuries recorded. The duration of these wildfires varies, with the
average event lasting around 45.621 days, and the longest wildfire lasted 196 days.
Shifting to trend variables, themention of these fire events and the countrieswhere they
occur demonstrates a moderate presence, scoring an average of 44.206 and 48.857,
respectively, on a scale ranging from 0 to 100.

4.2 Analyzing the impact of wildfires on financial market indices

Figure 2 illustrates the cumulative average abnormal returns (CAAR-5, + 45) asso-
ciated with nine distinct sectors during a 51-day event window surrounding the
occurrence of a wildfire event. This window extends from 5 days prior to the wildfire
announcement to 45 days following it. These sectors have been categorized into four

Fig. 2 CAAR patterns across diverse sectors. Note The figure shows the behavior of the CAAR-5,+45 during
the event window surrounding the day of the event for the nine sectors
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groups: direct impact sectors (Fig. 2.1), indirect impact sectors (Fig. 2.2), resilience
and mitigation sectors (Fig. 2.3), and interconnected sectors (Fig. 2.4). Concurrently,
Table 2 provides a comprehensive overview of cumulative abnormal returns and
presents the results of both parametric and nonparametric tests conducted for a total
of 161 wildfires that transpired within the USA. These analyses were performed over
two types of windows: the time-limited event window and the extended event window.
Within Table 2, the second column furnishes insights into cumulative abnormal returns
(CARt1, t2 ). Columns 3 and 4 proffer the outcomes derived from two parametric tests,
specifically PATELL and BMP, while columns 5 and 6 convey the results obtained
through two nonparametric tests, SIGN and G-SIGN.

In Panel A, encompassing direct impact sectors, insurance experiences a decrease
in Cumulative Abnormal Returns (CAR) for up to 28 days after a wildfire. This decline
can be attributed to the increased costs associated with claims and payouts due to fire-
related damages, leading to a negative financial impact on insurance companies. The
real estate sector likewise witnesses a post-wildfire CAR decrease, albeit of shorter
duration (typically up to three days). This may be linked to concerns about property
damage and reduced real estate values in affected areas. Notably, the forestry and tim-
ber industry’s erratic CAR behavior reflects the industry’s intricate relationship with
wildfires, encompassing both declines (linked to immediate destruction) and increases
(connected to reforestation efforts). Shifting the focus to Panel B, encompassing the
indirect impact sectors, distinct patterns emerge. In the health sector, CAR initially
rises post-wildfire, suggesting increased demand for healthcare services due to injuries
or smoke-related health issues. However, this upward trend is not sustainable, and
CAR decreases until approximately 45 days post-event as concerns about the long-
term impact of wildfires set in. The food industry exhibits a substantial and continuous
CAR increase throughout the entire 45-day post-wildfire period. This surge is likely
associated with increased demand for food supplies and safety concerns, translating
into higher stock performance. Conversely, the transportation sector experiences an
initial CAR decrease lasting two days, driven by disruptions in supply chains and
logistics during wildfires. This trend reverses after the initial disruption, resulting in a
consistent CAR increase up to 45 days post-wildfire as transportation services recover.

In Panel C, comprising resilience and mitigation sectors, utilities demonstrate a
CAR decrease in the days following a wildfire, likely due to damages and service
disruptions. However, as these utilities recover and make necessary repairs, CAR
subsequently increases up to 45 days post-wildfire.On the other hand, the energy sector
experiences a consistent CAR decrease throughout the entire post-wildfire period,
which can be attributed to supply disruptions, safety concerns, and the environmental
implications of wildfires affecting the sector. Finally, in Panel D, within the analysis
of the Tourism industry, an initial gradual CAR decrease extending up to 25 days post-
wildfire can be linked to concerns about the impact on tourist destinations, including
closures due to the fires. However, a sharp CAR increase over the subsequent 20 days
indicates a recovery as these areas reopen, signifying a more positive outlook for the
sector.

The findings validate Hypothesis 1, affirming that wildfires have varying impacts
on stock indices, which aligns with prior research (Becerra et al. 2014; Robinson and
Bangwayo-Skeete 2016). As this study reveals, direct impact sectors such as insurance
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and real estate exhibit CAR declines, consistent with expectations. This trend corre-
spondswith the sector-specific responses to natural events observed inprevious studies,
underscoring the validity of Hypothesis 1. The empirical outcomes in sectors like food
and transportation further reinforce the hypothesis. These sectors experience notable
CAR increases, reflecting heightened demand and supply chain adjustments, echoing
the findings of Kowalewski and Śpiewanowski (2020) and Hendricks et al. (2020).
These results accentuate the necessity of investigating stock market responses within
each sector individually, aligningwithHypothesis 1’s focus on the non-uniform impact
of wildfires across sectors. Overall, these results, coupled with the relevant literature
(Becerra et al. 2014; Robinson and Bangwayo-Skeete 2016), stress the importance
of adopting a sector-specific approach in understanding the financial repercussions of
wildfires. The sector-based variations underscore the distinct characteristics of each
sector and further support the relevance of this study.

4.3 Robustness check

The robustness check section rigorously examined the data using the ordinary t-test
(ORDIN) across the nine sectors, as summarized inTable 3. These supplementary anal-
yses reinforce and complement the initial test results. Within sectors directly affected
by the events in question, the insurance industry experienced a significant decline
in abnormal returns. Conversely, in sectors indirectly impacted, abnormal returns
decreased in the health sector, while the food and transportation sectors demonstrated
an increase in abnormal returns. Furthermore, the resilience and mitigation sectors
demonstrated distinct patterns. The utilities sector demonstrated an increase in abnor-
mal returns in contrast with the energy sector, which showed a decline in abnormal
returns. In the case of the interconnected sectors, as exemplified by the tourism indus-
try, the analysis revealed an initial decline in abnormal returns in the days immediately
following the events. However, this trend subsequently shifted, leading to aמ increase
in abnormal returns.

4.4 Regression results

This section undertakes a regression analysis to investigate the influence of wildfire
characteristics, trend indicators, and the spatial influence score on the capital mar-
kets of nine selected sectors within the USA. The resultant findings are presented in
Table 4 and methodically organized across four distinct panels, each expressly dedi-
cated to specific sectoral categories: direct impact (Panel A), indirect impact (Panel
B), resilience and mitigation (Panel C), and interconnected (Panel D). The regression
models encompass a varied set of strategically chosen explanatory variables, aiming
to elucidate the nuanced relationship between wildfire-related announcements and the
performance of capital markets within these sectoral domains. For each sector, the
impact of these variables is evaluated across two discrete time frames. The initial
analysis focuses on the short term, scrutinizing effects within the event window [0, +
2], while the subsequent examination extends to the longer term, encompassing the
event window [+ 1, + 45].
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The examination of the impact of wildfires on different sectors of the US stock
market provides a multi-faceted view of how these natural disasters resonate through-
out the economy. In the domain of direct damage, the insurance industry emerges as
particularly sensitive to the cost of fire. Larger damages translate into more substan-
tial financial losses due to increased insurance claims. Furthermore, the number of
fatalities adversely affects the industry, particularly in the short term. Interestingly,
mentioning the country or the event correlates with an increase in returns over the

Table 3 Capital markets’ resilience to wildfire incidents: a robustness analysis

Panel A: direct impact sectors

Insurance Real estate Forestry and timber

Daily time CAR(%) ORDIN CAR(%) ORDIN CAR(%) ORDIN

Time-limited event window

CAR[− 5, − 1] − 0.138 − 0.606 0.075 0.242 − 0.261 − 0.483

CAR[0, + 1] − 0.190 − 1.316 0.002 0.009 − 0.043 − 0.127

CAR[0, + 2] − 0.271 − 1.535 − 0.122 − 0.507 − 0.114 − 0.273

CAR[0, + 3] − 0.231 − 1.132 − 0.184 − 0.662 − 0.051 − 0.106

CAR[+ 1, + 3] − 0.154 − 0.871 − 0.277 − 1.149 − 0.078 − 0.187

CAR[0, + 7] − 0.224 − 0.775 − 0.110 − 0.280 − 0.295 − 0.432

Extended event window

CAR[0, + 28] − 1.032 − 1.877* − 0.180 − 0.241 − 0.537 − 0.413

CAR[+ 8, + 38] − 0.535 − 0.942 0.390 0.504 0.266 0.198

CAR[+ 25, + 45] 0.417 0.891 0.157 0.246 − 0.421 − 0.381

CAR[+ 1, + 45] − 0.203 − 0.296 0.135 0.144 − 0.684 − 0.423

Panel B: indirect impact sectors

Health Food Transportation

Daily time CAR(%) ORDIN CAR(%) ORDIN CAR(%) ORDIN

Time-limited event window

CAR[− 5, − 1] 0.007 0.036 0.309 0.971 0.341 1.214

CAR[0, + 1] 0.127 1.054 0.385 1.916* − 0.219 − 1.233

CAR[0, + 2] 0.150 1.013 0.531 2.157** − 0.198 − 0.912

CAR[0, + 3] 0.001 0.007 0.591 2.077** 0.008 0.031

CAR[+ 1, + 3] − 0.049 − 0.331 0.440 1.785* 0.151 0.695

CAR[0, + 7] − 0.028 − 0.115 0.835 2.076** 0.283 0.797

Extended event window

CAR[0, + 28] − 0.160 − 0.349 2.842 3.711*** 1.299 1.922*

CAR[+ 8, + 38] − 0.450 − 0.947 2.083 2.631*** 0.514 0.735

CAR[+ 25, + 45] − 1.047 − 2.680*** 0.690 1.059 0.100 0.174
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Table 3 (continued)

Panel B: indirect impact sectors

Health Food Transportation

Daily time CAR(%) ORDIN CAR(%) ORDIN CAR(%) ORDIN

CAR[+ 1, + 45] − 0.928 − 1.622 3.334 3.495*** 0.990 1.177

Panel C: resilience and mitigation sectors Panel D: interconnected
sectors

Utilities Energy Tourism

Daily time CAR(%) ORDIN CAR(%) ORDIN CAR(%) ORDIN

Time-limited event window

CAR[− 5, − 1] − 0.100 − 0.275 − 1.273 − 2.045** 0.293 0.534

CAR[0, + 1] 0.025 0.108 − 0.753 − 1.912* − 0.443 − 1.275

CAR[0, + 2] − 0.072 − 0.253 − 1.453 − 3.013*** − 0.697 − 1.640*

CAR[0, + 3] − 0.323 − 0.987 − 1.957 − 3.514*** − 0.594 − 1.209

CAR[+ 1, + 3] − 0.457 − 1.615 − 1.834 − 3.802*** − 0.615 − 1.446

CAR[0, + 7] − 0.551 − 1.192 − 3.727 − 4.732*** − 0.781 − 1.124

Extended event window

CAR[0, + 28] 1.037 1.178 − 8.001 − 5.335*** − 2.022 − 1.528

CAR[+ 8, + 38] 2.801 3.078*** − 4.145 − 2.673*** 1.476 1.079

CAR[+ 25, + 45] 1.752 2.339** 1.029 0.806 5.583 4.960***

CAR[+ 1, + 45] 2.474 2.256** − 6.352 − 3.400*** 3.348 2.032**

The table displays cumulative abnormal returns (CAR) and the ORDIN test results for nine sectors. Signif-
icance levels are denoted by p-values (* for 10%, ** for 5%, and *** for 1%)

long term, potentially indicating support or sympathy. The interplay with other sec-
tors reveals a negative influence from the food industry, while the utilities industry
has a positive impact on the insurance sector. Shifting the focus to the real estate
sector, as the duration of fires extends, a reduction in returns is observed, reflecting
broader economic disruptions and property damage resulting from prolonged fires.
Additionally, the number of fatalities exerts a negative impact on the sector, especially
in the short term. The mention of the country correlates with an increase in long-term
returns, suggesting support or sympathy. The interaction with other sectors reveals a
positive effect from the health, food, and services sectors on the real estate sector.

In the forestry andwood industry, sensitivity to the cost of fire is evident,with greater
damages causing more significant financial losses. Fires ignited by lightning, with
their unpredictability and potentially wide-reaching damage, have a more pronounced
negative effect on industry yield compared to those caused by human activity. Trend
analysis shows a short-term negative effect when mentioning the fire event, followed
by a long-term change indicating adaptation and recovery strategies. Notably, the

123



Assessing the financial impacts of significant wildfires on US capital…

Ta
bl
e
4
A
n
ex
am

in
at
io
n
of

ev
en
tc
ha
ra
ct
er
is
tic
s,
tr
en
d
in
di
ca
to
rs
,a
nd

th
e
sp
at
ia
li
nfl

ue
nc
e
sc
or
e
th
ro
ug
h
re
gr
es
si
on

an
al
ys
is

Pa
ne
lA

:d
ir
ec
ti
m
pa
ct
se
ct
or
s

In
su
ra
nc
e

R
ea
le
st
at
e

Fo
re
st
ry

an
d
tim

be
r

T
im

e-
lim

ite
d

im
pa
ct

E
xt
en
de
d
im

pa
ct

T
im

e-
lim

ite
d
im

pa
ct

E
xt
en
de
d
im

pa
ct

T
im

e-
lim

ite
d
im

pa
ct

E
xt
en
de
d
im

pa
ct

R
Sq

ua
re

�
0.
34
0

F
<
0.
00
1

R
Sq

ua
re

�
0.
79
1

F
<
0.
00
1

R
Sq

ua
re

�
0.
84
6

F
<
0.
00
1

R
Sq

ua
re

�
0.
80
2

F
<
0.
00
1

R
Sq

ua
re

�
0.
64
7

F
<
0.
00
1

R
Sq

ua
re

�
0.
18
0

F
<
0.
00
1

C
oe
ffi
ci
en
t

t-
St
at
is
tic

C
oe
ffi
ci
en
t

t-
St
at
is
tic

C
oe
ffi
ci
en
t

t-
St
at
is
tic

C
oe
ffi
ci
en
t

t-
St
at
is
tic

C
oe
ffi
ci
en
t

t-
St
at
is
tic

C
oe
ffi
ci
en
t

t-
St
at
is
tic

C
on
st
an
t

0.
63
9

0.
44
9

−
6.
93
8

−
2.
39
9*
*

1.
40
5

1.
06
9

−
3.
74
6

−
1.
74
8*

−
5.
91
2

−
2.
34
2*
*

8.
12
0

0.
86
9

C
A
R
[−

5,
−

1]
0.
06
2

1.
10
6

0.
60
2

5.
20
1*
**

−
0.
05
6

−
1.
08
6

−
0.
21
9

−
2.
95
8*
**

0.
00
9

0.
15
5

0.
82
0

3.
57
3*
**

C
au
se

0.
12
2

0.
85
4

−
0.
19
2

−
0.
52
4

0.
14
2

1.
20
9

0.
32
9

1.
56
6

0.
49
9

2.
32
3*
*

−
1.
51
7

−
1.
58
9

Si
ze

−
0.
09
9

−
0.
78
1

0.
18
9

0.
74
2

−
0.
17
8

−
1.
53
1

0.
23
6

1.
23
4

0.
14
9

0.
61
5

−
0.
36
6

−
0.
45
3

C
os
t

−
0.
00
8

−
0.
50
9

−
0.
04
6

−
2.
09
5*
*

0.
00
2

0.
13
0

−
0.
01
9

−
0.
67
1

0.
07
3

2.
74
5*
**

0.
03
3

0.
33
7

Fa
ta
lit
ie
s

−
0.
61
1

−
2.
79
1*
**

0.
22
1

0.
22
3

−
0.
42
7

−
3.
36
0*
**

−
0.
10
6

−
0.
39
3

0.
45
0

1.
53
6

2.
34
4

1.
46
6

C
as
ua
lti
es

0.
12
7

0.
96
4

0.
17
5

0.
65
8

0.
10
2

1.
46
2

0.
05
6

0.
38
7

−
0.
13
5

−
0.
76
5

−
0.
46
8

−
0.
48
1

D
at
ed
if

−
0.
02
9

−
0.
33
2

0.
03
6

0.
55
9

−
0.
02
2

−
0.
31
2

−
0.
23
1

−
1.
76
9*

0.
01
7

0.
13
5

0.
57
2

1.
04
5

T
re
nd
E
ve
nt

0.
07
9

0.
58
5

0.
70
0

1.
80
6*

0.
02
7

0.
23
5

0.
38
5

1.
60
5

0.
43
9

2.
69
1*
**

−
1.
75
6

−
1.
96
9*
*

T
re
nd
St
at
e

0.
01
6

0.
25
6

0.
78
7

5.
72
3*
**

0.
09
4

1.
60
1

−
0.
49

−
5.
07
3*
**

0.
13
8

1.
65
6*

1.
09
1

2.
71
8*
**

SI
S
in
su
ra
nc
e

SI
S
re
al
es
ta
te

−
77
.3
46

−
1.
35
1

−
12
1.
26
3

−
1.
47
5

SI
S
fo
re
st
ry

an
d
tim

be
r

SI
S
he
al
th

41
8.
78
5

2.
70
3*
**

10
.1
08

0.
11
8

123



T. Tavor

Ta
bl
e
4
(c
on

tin
ue
d)

Pa
ne
lA

:d
ir
ec
ti
m
pa
ct
se
ct
or
s

In
su
ra
nc
e

R
ea
le
st
at
e

Fo
re
st
ry

an
d
tim

be
r

T
im

e-
lim

ite
d

im
pa
ct

E
xt
en
de
d
im

pa
ct

T
im

e-
lim

ite
d
im

pa
ct

E
xt
en
de
d
im

pa
ct

T
im

e-
lim

ite
d
im

pa
ct

E
xt
en
de
d
im

pa
ct

R
Sq

ua
re

�
0.
34
0

F
<
0.
00
1

R
Sq

ua
re

�
0.
79
1

F
<
0.
00
1

R
Sq

ua
re

�
0.
84
6

F
<
0.
00
1

R
Sq

ua
re

�
0.
80
2

F
<
0.
00
1

R
Sq

ua
re

�
0.
64
7

F
<
0.
00
1

R
Sq

ua
re

�
0.
18
0

F
<
0.
00
1

C
oe
ffi
ci
en
t

t-
St
at
is
tic

C
oe
ffi
ci
en
t

t-
St
at
is
tic

C
oe
ffi
ci
en
t

t-
St
at
is
tic

C
oe
ffi
ci
en
t

t-
St
at
is
tic

C
oe
ffi
ci
en
t

t-
St
at
is
tic

C
oe
ffi
ci
en
t

t-
St
at
is
tic

SI
S
fo
od

−
1,
29
4.
25
7

−
3.
21
9*
**

−
80
2.
97
7

−
1.
81
1*

−
1,
23
8.
78
0

−
0.
35
1

8,
71
6.
32
3

4.
93
2*
**

SI
S
tr
an
s-

po
rt
at
io
n

SI
S
ut
ili
tie
s

2,
30
7.
35
1

4.
68
7*
**

2,
35
3.
77
8

5.
59
3*
**

2,
28
0.
58
7

8.
65
8*
**

1,
55
7.
17
6

13
.0
31
**
*

SI
S
en
er
gy

SI
S
to
ur
is
m

8.
59
1

1.
33
1

−
2.
40
4

−
1.
02
5

Pa
ne
lB

:i
nd

ir
ec
ti
m
pa
ct
se
ct
or
s

H
ea
lth

Fo
od

T
ra
ns
po

rt
at
io
n

T
im

e-
lim

ite
d
im

pa
ct

E
xt
en
de
d
im

pa
ct

T
im

e-
lim

ite
d
im

pa
ct

E
xt
en
de
d
im

pa
ct

T
im

e-
lim

ite
d
im

pa
ct

E
xt
en
de
d
im

pa
ct

R
Sq

ua
re

�
0.
71
2

F
<
0.
00
1

R
Sq

ua
re

�
0.
73
6

F
<
0.
00
1

R
Sq

ua
re

�
0.
36
0

F
<
0.
00
1

R
Sq

ua
re

�
0.
64
8

F
<
0.
00
1

R
Sq

ua
re

�
0.
11
2

F
<
0.
00
1

R
Sq

ua
re

�
0.
41
3

F
<
0.
00
1

C
oe
ffi
ci
en
t

t-
St
at
is
tic

C
oe
ffi
ci
en
t

t-
St
at
is
tic

C
oe
ffi
ci
en
t

t-
St
at
is
tic

C
oe
ffi
ci
en
t

t-
St
at
is
tic

C
oe
ffi
ci
en
t

t-
St
at
is
tic

C
oe
ffi
ci
en
t

t-
St
at
is
tic

C
on
st
an
t

1.
87
2

2.
38
3*
*

−
0.
22
8

−
0.
11
7

2.
06
1

1.
68
1*

2.
07
2

0.
57
5

−
2.
07
3

−
1.
13
9

5.
12
5

0.
88
9

C
A
R
[−

5,
−

1]
−

0.
18
3

−
4.
50
4*
**

−
0.
64
2

−
7.
67
2*
**

−
0.
13
0

−
1.
76
5*

−
0.
89
7

−
5.
20
6*
**

−
0.
10
4

−
2.
06
1*
*

0.
69
4

4.
60
5*
**

C
au
se

0.
10
8

1.
20
7

0.
26

0.
88
9

−
0.
08
0

−
0.
77

−
0.
98
5

−
3.
26
2*
**

0.
32
8

1.
80
7*

−
0.
43
1

−
0.
67
1

Si
ze

−
0.
10
4

−
1.
63
2

−
0.
05
7

−
0.
32
4

−
0.
24
1

−
2.
22
8*
*

−
0.
42
9

−
1.
37
9

0.
04
5

0.
26
7

0.
53
3

1.
02
8

123



Assessing the financial impacts of significant wildfires on US capital…

Ta
bl
e
4
(c
on

tin
ue
d)

Pa
ne
lB

:i
nd

ir
ec
ti
m
pa
ct
se
ct
or
s

H
ea
lth

Fo
od

T
ra
ns
po

rt
at
io
n

T
im

e-
lim

ite
d
im

pa
ct

E
xt
en
de
d
im

pa
ct

T
im

e-
lim

ite
d
im

pa
ct

E
xt
en
de
d
im

pa
ct

T
im

e-
lim

ite
d
im

pa
ct

E
xt
en
de
d
im

pa
ct

R
Sq

ua
re

�
0.
71
2

F
<
0.
00
1

R
Sq

ua
re

�
0.
73
6

F
<
0.
00
1

R
Sq

ua
re

�
0.
36
0

F
<
0.
00
1

R
Sq

ua
re

�
0.
64
8

F
<
0.
00
1

R
Sq

ua
re

�
0.
11
2

F
<
0.
00
1

R
Sq

ua
re

�
0.
41
3

F
<
0.
00
1

C
oe
ffi
ci
en
t

t-
St
at
is
tic

C
oe
ffi
ci
en
t

t-
St
at
is
tic

C
oe
ffi
ci
en
t

t-
St
at
is
tic

C
oe
ffi
ci
en
t

t-
St
at
is
tic

C
oe
ffi
ci
en
t

t-
St
at
is
tic

C
oe
ffi
ci
en
t

t-
St
at
is
tic

C
os
t

0.
00
3

0.
46
3

0.
01
4

0.
95
5

−
0.
01
4

−
0.
76
8

0.
09
3

1.
84
8*

−
0.
00
3

−
0.
09
8

−
0.
17
4

−
3.
35
4*
**

Fa
ta
lit
ie
s

0.
12
7

0.
89
3

−
1.
56
7

−
3.
45
3*
**

0.
11
2

0.
87
1

−
0.
04
6

−
0.
26
3

−
0.
14
9

−
0.
58
8

−
0.
94
1

−
0.
8

C
as
ua
lti
es

0.
03
3

0.
36
4

0.
38
7

1.
03
6

0.
00
9

0.
14
7

−
0.
07
6

−
0.
41
1

0.
11
0

0.
67
8

1.
15
6

2.
93
9*
**

D
at
ed
if

0.
01

8
0.
43

9
−

0.
08
4

−
0.
79
6

−
0.
16
2

−
2.
07
5*
*

−
0.
00
9

−
0.
03
5

−
0.
15
4

−
1.
36
4

−
1.
20
2

−
4.
43
9*
**

T
re
nd
E
ve
nt

−
0.
10
6

−
1.
23
4

0.
09
4

0.
33
2

0.
54
0

4.
83
4*
**

1.
92
6

4.
88
5*
**

0.
34
0

2.
17
7*
*

−
1.
17
2

−
2.
48
1*
*

T
re
nd

St
at
e

−
0.
14
3

−
3.
54
8*
**

−
0.
07
7

−
0.
66
2

−
0.
11
1

−
1.
52

3
−

0.
26
8

−
1.
58
8

0.
00
2

0.
02
0

0.
60
1

3.
01
8*
**

SI
S
in
su
ra
nc
e

SI
S
re
al
es
ta
te

−
0.
71
1

−
2.
01
8*
*

1.
97
6

3.
24
8*
**

SI
S
fo
re
st
ry

an
d
tim

be
r

SI
S
he
al
th

79
.5
73

3.
17

9*
**

−
85
.3
48

−
4.
04
1*
**

SI
S
fo
od

SI
S
tr
an
s-

po
rt
at
io
n

SI
S
ut
ili
tie
s

1,
62
3.
27
8

11
.8
02
**
*

16
6.
64
3

1.
41
6

SI
S
en
er
gy

SI
S
to
ur
is
m

−
35
.8
31

−
6.
64
2*
**

−
37
.8
72

−
7.
77
8*
**

−
1.
96
2

−
4.
03
7*
**

−
2.
25
7

−
6.
77
6*
**

14
.7
33

1.
08
0

−
2.
14
9

−
0.
20
2

123



T. Tavor

Ta
bl
e
4
(c
on

tin
ue
d)

Pa
ne
lC

:r
es
ili
en
ce

an
d
m
iti
ga
tio

n
se
ct
or
s

Pa
ne
lD

:i
nt
er
co
nn

ec
te
d
se
ct
or
s

U
til
iti
es

E
ne
rg
y

To
ur
is
m

T
im

e-
lim

ite
d
im

pa
ct

E
xt
en
de
d
im

pa
ct

T
im

e-
lim

ite
d
im

pa
ct

E
xt
en
de
d
im

pa
ct

T
im

e-
lim

ite
d
im

pa
ct

E
xt
en
de
d
im

pa
ct

R
Sq

ua
re

�
0.
38
1

F
<
0.
00
1

R
Sq

ua
re

�
0.
75
6

F
<
0.
00
1

R
Sq

ua
re

�
0.
29
9

F
<
0.
00
1

R
Sq

ua
re

�
0.
31
9

F
<
0.
00
1

R
Sq

ua
re

�
0.
20
3

F
<
0.
00
1

R
Sq

ua
re

�
0.
85
5

F
<
0.
00
1

C
oe
ffi
ci
en
t

t-
St
at
is
tic

C
oe
ffi
ci
en
t

t-
St
at
is
tic

C
oe
ffi
ci
en
t

t-
St
at
is
tic

C
oe
ffi
ci
en
t

t-
St
at
is
tic

C
oe
ffi
ci
en
t

t-
St
at
is
tic

C
oe
ffi
ci
en
t

t-
St
at
is
tic

C
on

st
an
t

−
2.
10
4

−
1.
38
7

−
10
.3
89

−
2.
48
1*
*

8.
29
3

2.
51
0*
*

−
23
.7
47

−
1.
45
7

−
0.
45
1

−
0.
23
6

−
9.
36
9

−
1.
32
1

C
A
R
[−

5,
−

1]
0.
02
8

0.
72
2

−
0.
57
2

−
4.
15
2*
**

0.
08
1

1.
48
2

−
0.
08
8

−
0.
48
3

0.
07
5

1.
51
6

−
0.
43
4

−
3.
49
9*
**

C
au
se

0.
17
3

1.
32
1

0.
89
7

1.
76
2*

0.
13
0

0.
39
9

1.
62
2

1.
17
7

0.
07
2

0.
34
4

1.
17
5

2.
24
2*
*

Si
ze

0.
06
8

0.
52
0

−
0.
19
4

−
0.
49
5

−
0.
62
1

−
2.
11
6*
*

1.
29
5

0.
87
7

0.
01
1

0.
06
0

0.
87
8

1.
35
6

C
os
t

−
0.
00
6

−
0.
24
8

−
0.
02
4

−
0.
37
1

0.
04
2

1.
31
1

0.
06
7

0.
43
3

0.
01
2

0.
35
5

0.
00
4

0.
08
6

Fa
ta
lit
ie
s

−
0.
55
1

−
5.
18
9*
**

−
0.
44
6

−
0.
83
0

−
0.
16
1

−
0.
49
4

4.
11
7

1.
21
0

−
0.
13
6

−
0.
63
8

2.
64
4

1.
16
7

C
as
ua
lti
es

0.
20
0

1.
80
7*

0.
17
7

0.
57
8

0.
08
7

0.
43
7

0.
29
2

0.
22
4

0.
22
8

1.
76
3*

−
0.
87
2

−
1.
18
1

D
at
ed
if

0.
04

2
0.
42

5
−

0.
62
7

−
1.
98
0*
*

−
0.
00
9

−
0.
04
8

0.
57
9

0.
76
4

−
0.
12
7

−
1.
02
0

−
0.
14

−
0.
72
7

T
re
nd
E
ve
nt

0.
08
0

0.
65
4

3.
84
5

9.
43
9*
**

−
0.
69
4

−
2.
45
8*
*

−
2.
04
3

−
1.
33
6

−
0.
05
2

−
0.
30
0

−
0.
07
4

−
0.
09
5

T
re
nd
St
at
e

0.
14
5

1.
93
1*

−
0.
40
9

−
2.
45
7*
*

−
0.
00
1

−
0.
00
8

2.
14
6

3.
29
7*
**

0.
13
9

1.
48
1

0.
24
2

0.
96
7

123



Assessing the financial impacts of significant wildfires on US capital…

Ta
bl
e
4
(c
on

tin
ue
d)

Pa
ne
lC

:r
es
ili
en
ce

an
d
m
iti
ga
tio

n
se
ct
or
s

Pa
ne
lD

:i
nt
er
co
nn

ec
te
d
se
ct
or
s

U
til
iti
es

E
ne
rg
y

To
ur
is
m

T
im

e-
lim

ite
d
im

pa
ct

E
xt
en
de
d
im

pa
ct

T
im

e-
lim

ite
d
im

pa
ct

E
xt
en
de
d
im

pa
ct

T
im

e-
lim

ite
d
im

pa
ct

E
xt
en
de
d
im

pa
ct

R
Sq

ua
re

�
0.
38
1

F
<
0.
00
1

R
Sq

ua
re

�
0.
75
6

F
<
0.
00
1

R
Sq

ua
re

�
0.
29
9

F
<
0.
00
1

R
Sq

ua
re

�
0.
31
9

F
<
0.
00
1

R
Sq

ua
re

�
0.
20
3

F
<
0.
00
1

R
Sq

ua
re

�
0.
85
5

F
<
0.
00
1

C
oe
ffi
ci
en
t

t-
St
at
is
tic

C
oe
ffi
ci
en
t

t-
St
at
is
tic

C
oe
ffi
ci
en
t

t-
St
at
is
tic

C
oe
ffi
ci
en
t

t-
St
at
is
tic

C
oe
ffi
ci
en
t

t-
St
at
is
tic

C
oe
ffi
ci
en
t

t-
St
at
is
tic

SI
S
in
su
ra
nc
e

SI
S
re
al
es
ta
te

1.
04
1

1.
07
6

−
5.
61
6

−
3.
04
3*
**

SI
S
fo
re
st
ry

an
d
tim

be
r

SI
S
he
al
th

SI
S
fo
od

17
,7
72
.9
75

1.
54
8

22
,9
10
.3
76

1.
99
6*
*

−
11
,3
38
.7
98

−
2.
79
0*
**

−
12
,7
04
.4
64

−
3.
33
4*
**

−
29
4.
47
0

−
3.
47
2*
**

21
1.
34
9

2.
40
5*
*

SI
S
tr
an
s-

po
rt
at
io
n

2.
73
8

0.
53
7

−
3.
14
6

−
0.
65
0

0.
30
1

0.
19
0

1.
40
4

0.
92

SI
S
ut
ili
tie
s

11
8.
59
2

2.
11
2*
*

17
8.
16
9

1.
87
4*

−
4.
18
1

−
1.
95
5*

0.
63
4

0.
32
8

SI
S
en
er
gy

SI
S
to
ur
is
m

−
20
2.
12
7

−
5.
18
0*
**

72
.7
43

2.
45
9*
*

T
he

ta
bl
e
di
sp
la
ys

re
su
lts

fr
om

a
m
ul
tiv

ar
ia
te
re
gr
es
si
on

an
al
ys
is
th
at
in
cl
ud

es
a
se
to

f
ev
en
tc
ha
ra
ct
er
is
tic

s,
tr
en
d
in
di
ca
to
rs
,a
nd

th
e
sp
at
ia
li
nfl

ue
nc
e
sc
or
e.
St
at
is
tic

al
si
gn

ifi
ca
nc
e
le
ve
ls
ar
e
de
no

te
d
by

p-
va
lu
es

(*
fo
r

10
%
,*

*
fo
r
5%

,a
nd

**
*
fo
r
1%

)

123



T. Tavor

recall of the country consistently positively affects industry returns. Transitioning to
the indirect impact sectors, the health industry’s vulnerability to the number of people
killed in fires becomes apparent. Additionally, mentioning the country is negatively
correlatedwith an increase in returns. The interplaywith other sectors reveals a positive
influence from the services sector, while the tourism sector exerts a negative influence
on the health sector.

In the food industry, several factors contribute to the impact on returns over time.
The fire cost component contributes to a positive effect, while the fire’s duration and
size contribute to a negative effect. Fires caused by lightning lead to amore pronounced
increase in yields than those caused by human activity. Trend analysis highlights a
positive effect when the country is mentioned. Interaction with other sectors reveals
a negative impact from the real estate sector in the short term, changing the trend
in the long term. The health sector has a positive impact in the short term, while the
tourism sector negatively influences the food sector. The response of the transportation
industry to fires is characterized by a gradual decrease in returns as the number of fire
days or the cost of the fire increases. Fires caused by people intensify this decline.
Trend variables show positive correlation with returns when country references are
made, indicating government support or investment in infrastructure during wildfire
events. Simultaneously, the trend analysis reveals a short-term positive effect when
the fire event is mentioned, followed by a long-term change.

Within the resilience and mitigation sectors, the service industry exhibits vulner-
ability to wildfires, with a high number of fatalities or increased fire days adversely
affecting returns. The imperative to repair and maintain infrastructure following fires
serves as a key driver of this trend. Conversely, mentioning the country exhibits a
strong positive effect on industry returns in the short term and brings about changes
in the long term, indicative of government support for utility companies facing fire-
related challenges. The event mention also causes a positive effect in the long term.
Interaction with other sectors reveals a positive impact from the food sector, while the
tourism sector has a negative impact in the short term, changing the trend in the long
term. The response of the energy sector to fires is negatively affected by the size of the
fire, with state mentions moderating declines in the industry. The negative impact of
event mentions underscores the regulatory andmarket challenges this sector faces dur-
ing wildfire events. Interaction with other sectors reveals a negative influence from the
food sector, while the utilities sector has a positive influence. Finally, in the intercon-
nected sectors, the behavior of the travel and tourism industry stands out. The number
of victims causes an increase in industry returns, and events caused by people have a
higher impact, reflecting the phenomenon of disaster tourism and increased interest in
visiting affected areas. Interaction with other sectors reveals a negative impact from
the real estate and utilities industries, while the food industry negatively influences in
the short term but changes the trend in the long term.

The results align with Hypothesis 2, underscoring the significance of the size,
cost, and duration of wildfires in exerting a substantial impact on cumulative abnor-
mal returns within specific sectors of the US financial markets. This underscores the
critical importance of incorporating considerations of fire characteristics and their eco-
nomic ramifications when analyzing sector-specific returns in the context of natural
disasters. The observed patterns resonate with prior research, as exemplified by Akkus
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and Kişlalioğlu (2023), which accentuated the influence of event severity on sectoral
stock indices. Similarly, Kabeshita et al. (2023) and Thompson et al. (2023) elucidated
the ways in which the extent of destruction and associated costs can variably affect
different sectors. These insights support the hypothesis’s claim that wildfire charac-
teristics play a pivotal role in shaping sector-specific stock returns, emphasizing the
need for investors to consider these factors during natural disasters.

5 Discussion

This research undertook a thorough examination to evaluate the repercussions of
wildfires in the USA on the capital markets across nine distinct sectors. Utilizing
a methodology involving parametric and nonparametric tests, robustness checks, and
regression analysis, the study presents a nuanced depiction of the broader economic
implications of these natural disasters. Significantly, the results illuminate the unique
reactions exhibited by each sector concerning variables such as wildfire size, duration,
and causative factors. These insights, derived from both the event study and subse-
quent regression analyses, collectively contribute to an understanding of the intricate
dynamics shaping sector-specific responses to wildfires.

The results from the event study illuminate distinctive sectoral behaviors. In the
direct impact sectors, the insurance industry experiences a decline in Cumulative
Abnormal Returns (CAR) linked to increased costs from claims and payouts. The
real estate sector witnesses a shorter-duration CAR decrease, likely tied to concerns
about property damage and reduced values. The forestry and timber industry exhibits
erratic CAR behavior, reflecting the sector’s intricate relationship with wildfires. In
the indirect impact sectors, the health sector initially sees a rise in CAR, followed by a
decrease due to concerns about long-term impacts. The food industry, conversely, expe-
riences a substantial and continuous CAR increase, indicative of heightened demand
for food supplies. The transportation sector undergoes an initial CAR decrease fol-
lowed by a consistent increase post-wildfire as transportation services recover. Within
the resilience and mitigation sectors, utilities witness a CAR decrease post-wildfire,
likely attributed to damages and service disruptions. The energy sector consistently
experiences a CAR decrease throughout the post-wildfire period, indicating supply
disruptions, safety concerns, and environmental implications. In the tourism sector,
an initial gradual CAR decrease is succeeded by a sharp increase, signifying recovery
as tourist destinations reopen.

Turning to the regression results, a nuanced understanding of the impact of wild-
fires on different sectors emerges. In the insurance industry, sensitivity to the cost of
fire is evident, with larger damages resulting in substantial financial losses. Notably,
mentioning the country or the event correlates with a long-term increase in returns.
The real estate sector experiences a reduction in returns as the duration of fires extends,
reflecting broader economic disruptions and property damage. The forestry and wood
industry exhibits sensitivity to the cost of fire, with a more pronounced negative effect
from fires ignited by lightning. Notably, the recall of the country consistently posi-
tively affects industry returns. Transitioning to the indirect impact sectors, the health
industry is vulnerable to the number of people killed in fires, with a subsequent neg-
ative correlation with country mentions. In the food industry, the fire cost contributes
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to a positive effect, while the fire’s duration and size contribute to a negative effect.
The transportation industry undergoes a gradual decrease in returns, intensifying with
the number of fire days or the cost of the fire. Utility companies within the resilience
and mitigation sectors face vulnerability, with a high number of fatalities or increased
fire days adversely affecting returns. Mentioning the country exhibits a strong positive
effect on industry returns in the short term and brings about changes in the long term.
The energy sector’s response to fires is negatively affected by the size of the fire, with
state mentions moderating declines. Regulatory and market challenges become evi-
dent in the negative impact of event mentions. Within the interconnected sectors, the
travel and tourism industry sees an increase in returns linked to the number of victims,
with events caused by people having a higher impact. Interaction with other sectors
reveals nuanced influences, with negative impacts from the real estate and utilities
industries in the short term, changing trends in the long term.

6 Conclusion

In conclusion, the comprehensive analysis of wildfires’ impact on US capital mar-
kets across nine sectors has illuminated the nuanced responses of these sectors to
varying wildfire characteristics. As discussed in the preceding section, these findings
emphasize the complex interplay between environmental shocks and financial market
behavior, providing insights into the specific vulnerabilities and resilience strategies
exhibited by different sectors. Reflecting on these findings reveals that no single sector
responds uniformly to wildfires, with each demonstrating a unique set of sensitivities
and adaptive strategies. This diversity of responses underscores the necessity for tai-
lored risk assessment and mitigation approaches when confronting natural disasters.

This research contributes to the growing body of knowledge concerning the inter-
section of environmental events and financial markets, offering implications for both
investors and policymakers. By understanding how specific sectors are affected by
wildfires, investors can make more informed decisions, and policymakers can formu-
late targeted strategies to support sectors vulnerable to such events. While this study
has significantly advanced the understanding of wildfires’ impact on capital markets, it
also provides opportunities for future research. Subsequent studies may delve deeper
into the intricacies of sector-specific responses and explore the potential role of policy
interventions in mitigating financial losses. In summary, the analysis reveals that wild-
fires have distinctive repercussions for various sectors, underscoring the importance of
sector-specific risk assessment and preparedness. Understanding these nuances pro-
vides valuable insights for navigating the intricate interplay between environmental
events and financial markets.

7 Policy implications

The research offers vital insights for policymakers dealing with the financial implica-
tions of wildfires on various sectors. It underscores the need for tailored approaches
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and sector-specific risk assessment. Policymakers should prioritize informed decision-
making, targeted support, environmental policies, healthcare readiness, and climate
change mitigation.

7.1 Concrete guidance for policymakers

Sector-specific risk assessment: Policymakers should conduct thorough assessments
of each sector’s vulnerabilities to wildfires. Tailored guidelines and preparedness mea-
sures can help sectors mitigate financial losses and enhance resilience.

Targeted support: Policymakers can offer targeted financial support, regulatory
frameworks, and infrastructure investments to sectors at risk. This support should
align with the specific needs of each sector and foster rapid recovery.

Environmental and land use policies: Strengthening environmental and land use
policies is essential to reduce wildfire risks. Policymakers can enforce regulations that
promote responsible land management and controlled burn practices.

Emergency response and healthcare: Policymakers must ensure robust emergency
response and healthcare systems capable of handling increased demand during wild-
fires. Contingency plans should address health-related challenges that may arise from
these events.

Climate change mitigation: Policymakers should prioritize measures to combat
climate change. Efforts to reduce greenhouse gas emissions and limit climate change
effects are crucial for long-term wildfire risk reduction.
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