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ABSTRACT:

The occurrence of earthquakes presents a significant challenge, often resulting in high casualties
and extensive damage. Beyond the immediate humanitarian impact, earthquakes also have far-
reaching consequences for financial markets, which is seen as the barometer for economic re-
silience. In 2023, Turkiye experienced two earthquakes with magnitudes of 7.7 Mw and 7.6 Mw,
occurring in close proximity causing a high number of casualties and economic damage.

The literature remains divided on the precise effects of earthquakes on stock markets, with
some studies suggesting significant negative impacts, while others find no statistically significant
effects. Against this backdrop, this thesis seeks to investigate the impacts of the 2023 earth-
guakes on the Turkish stock market. Employing an event study methodology, the analysis fo-
cuses on sectoral indices and individual stock returns constituting the market index. The findings
of this study reveal that while the earthquakes did not yield statistically significant results on the
event day, subsequent days witnessed fluctuating effects, with returns fluctuating between pos-
itive and negative. Consequently, cumulative abnormal returns also failed to demonstrate sta-
tistical significance.

However, studying at the sectoral level demonstrated a different picture. The results also
showed that while many sectors experienced negative impacts initially, the dispersion of these
effects throughout the event window was evident. Notably, sectors such as basic materials and
non-metal products exhibited statistically significant positive abnormal returns. On the other
hand, the insurance sector emerged as particularly vulnerable, bearing statistically significant
negative impacts.

In conclusion, this thesis underscores the complex interplay between seismic events and finan-
cial markets, emphasizing the importance of sectoral analysis in understanding market dynamics
during crises. While the overall market response may lack statistical significance, the differential
impacts across sectors provide valuable insights for policymakers and investors alike. Also, fur-
ther research and refinement of methodologies are essential for deepening our understanding
of the relationship between earthquakes and financial markets.
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1 Introduction

The prospect of forecasting future prices in the field of finance has long been a contro-
versial topic. Numerous studies looks the examination of market anomalies, aiming to
find out patterns that might enable reliable estimations. Advocates of this perspective
argue that these anomalies could be used for constructing trustworthy predictions. How-
ever, an opposing view indicates that such anomalies, while occasionally identifiable,

lack the consistent repetition and efficacy necessary for robust predictive models.

An early contribution to this discourse is the concept of efficient markets introduced by
Fama (1970). This theory asserts that in efficient markets, there are no opportunities for
abnormal gains using public information. Following studies have extensively investigated
market efficiency through event studies, which covers a diverse range of topics from
stock splits to natural disasters. Building on that, in this thesis, an event study method-

ology is applied to analyze the impact of earthquakes on the Turkish stock market.

The purpose of this thesis is to examine the effects of the 2023 Turkish earthquakes on
the Turkish stock market and check if these effects are significant enough to yield statis-
tical significance. Specifically, the study aims to determine whether the earthquakes
have resulted in statistically significant negative or positive abnormal returns in sectoral
indices and the stocks comprising the market index. Additionally, the research explores

potential variations in reactions across different sectors.

The dataset for this thesis comprises daily closing prices of constituents of the Turkish
stock market index. To conduct sector-specific analysis, data from 27 different sectoral
indices are utilized. Methodologically, the event study approach is adopted, and normal
returns are estimated using the market model proposed by Fama et al. (1969). This
framework allows for a systematic examination of the impact of earthquakes on the Turk-
ish stock market, shedding light on both sectoral and market-wide responses to seismic

events.



This methodology operates under the assumption that markets are efficient. The effi-
cient market hypothesis proposed by Fama (1970) indicates the impossibility of future
predictions. According to Fama (1970) markets are efficient at different levels and the
current price of assets already incorporate all the public, historical and even insider in-
formation. This hypothesis states that prices follow a random walk where the future
price movements of financial assets are unpredictable and follow a random pattern.
Malkiel (1999, p.166) describes the random walk approach as “a blindfolded monkey
throwing darts at the Wall Street Journal could select a portfolio that would do as well
as the experts”. In compliance with this concept, each price change is independent of
past movements, and therefore, attempting to predict future prices based on historical

data is noneffective.

Following its development, the Efficient Market Hypothesis (EMH) has evolved into an
extensively researched and frequently tested phenomenon within financial academia.
One of the primary methodologies employed to test market efficiency is through event
studies. These studies play an important role in assessing whether there exists a possi-

bility of long-term abnormal returns following the disclosure of new information.

According to Shleifer (2000, p.7) event studies have emerged as the principal methodol-
ogy of empirical finance, becoming the predominant approach to investigating the im-
pact of various significant corporate events on market dynamics. These events encom-
pass a broad spectrum, ranging from earnings and dividend announcements to takeo-
vers, divestitures, share issuances, repurchases, and alterations in management com-
pensation. The empirical evaluation of these events involves a meticulous examination
of their effects on share prices, contributing valuable insights to our understanding of

market efficiency.

When examining the foundational examples of event studies, it becomes evident that
Eugene Fama also played a pioneering role in this domain. Fama not only formulated a

hypothesis for testing but also contributed to the introduction of an approach, the



market model, to estimate abnormal returns. In their seminal work, Fama et al. (1969)
investigate the presence of unusual market behavior in security returns surrounding
stock split events. The study utilizes data from 940 stock splits that occurred between
January 1927 and December 1959. The findings of Fama et al. (1969) suggest that market
prices of securities incorporate new information following the announcement of stock
splits. This observation indicates a high level of market efficiency, as the adjustments
occur almost immediately, supporting the notion that the market fully reflects the impli-

cations of the stock splits.

However, as said earlier, event studies extend beyond traditional financial events like
stock splits and mergers; they are also employed in the analysis of phenomena such as
natural disasters. Notably, the application of event study methodology to natural disas-
ters, particularly earthquakes, introduces distinct considerations compared to its con-

ventional usage.

In contrast to events like stock splits, acquisitions, or mergers, natural disasters are not
susceptible to insider information. The unpredictable and uncontrollable nature of
events like earthquakes excludes any attempts at forecasting when they might occur.
This inherent unpredictability challenges the availability of insider information and the
ability to make informed predictions. Therefore, in this paper, market efficiency is tested

using semi-strong form.

In the context of earthquake studies, Shelor et al. (1990) can be seen as the pioneers. In
their research, the effects of the 1989 San Francisco earthquakes on real estate stock
prices are analyzed using the methodology proposed by Fama et al. (1969). Their study
reveals that real estate firms located in San Francisco exhibits significant negative abnor-
mal returns on the event day, whereas companies from other parts of California does
not show the same trend. Finally, the cumulative abnormal returns does not exhibit any
significant deviation from zero, implying no statistical significance neither for San Fran-

cisco firms nor other California firms. These results indicate that the market directly and



successfully reflected the new information in the stock values of the earthquake area

firms.

Building on these arguments, this study aims to find out how the earthquakes happened
on 6 February in Tiirkiye affected Turkish stock markets. By gathering data from Thom-
son Reuters One database for stock and indices of Borsa Istanbul, which is the only and
the biggest stock market of Turkiye, this study investigates the sector-specific and market

level differences in reaction to the earthquake.

1.1 Motivation

Earthquakes are unpredictable natural disasters that can have significant impacts on the
economy, especially the stock market. Turkish economy is one of the largest and most
dynamic in its region, making it an important player in the global economy. Therefore,
understanding the impact of such a natural disaster on the Turkish stock market can pro-

vide insight into the resilience of the economy and its potential for recovery.

Examining the impacts on specific sectors can help identify potential vulnerabilities and
inform future disaster management and risk mitigation strategies. This research aims to
contribute to the understanding of the short-term effects of natural disasters on the
stock market and contribute to the limited literature examining the effects of earth-

guakes on emerging markets.

Earlier studies have primarily concentrated on examining the overall impact of natural
disasters on the stock market, often considering the market as a whole. These investiga-
tions have utilized various approaches, ranging from employing entire market indices
(e.g., Worthington & Valadkhani, 2004; Worthington, 2008; Ferreira & Karali, 2015) to
focusing on single sector indices (e.g., Shelor et al., 1990; Shelor et al., 1992; Yamori &
Kobayashi, 2002; Wang & Kutan, 2013). While some research projects have studied sec-
toral analyses, they have been relatively limited in number (see Worthington & Valad-

khani, 2005; Valizadeh et al., 2017). Consequently, there exists a gap in the existing



literature regarding the examination of the Turkish stock market, the level of market ef-

ficiency in Turkiye and the sectoral impacts of natural disasters.

This thesis departs from prior literature in several aspects, aiming to fill gaps in the liter-
ature. One notable difference lies in the focus on a previously unstudied market and
earthquake event, presenting new information of their interplay. While existing studies
often aggregate data across multiple events spanning several years, such as those by
Worthington and Valadkhani (2004), Worthington and Valadkhani (2005), Worthington
(2008), and Ferreira and Karali (2015), this thesis concentrates on analyzing the effects
of a singular event on the stock market. Even though investigating natural events alto-
gether could be useful for making more general conclusions, it also carries the risk of
including less significant events in the analysis. Furthermore, it also ignores the different

characteristics of disasters.

Another departure from prior literature lies in the comprehensive exploration of sectoral
impacts. Unlike studies such as Shelor et al. (1990), Shelor et al. (1992), and Yamori and
Kobayashi (2002), which typically focus on a single sector, this research investigates the
responses of 27 different sectoral indices. This broader scope allows for a deeper under-
standing of how various sectors within the market react to seismic events. While
Worthington and Valadkhani (2005) and Valizadeh et al. (2017) also consider multiple
sectors, this thesis expands upon their approach by examining a larger number of sectors
and employing a different methodology. By doing so, it seeks to provide more thorough

insights into sectoral reactions and their implications for market dynamics.

Moreover, the earthquakes studied in this thesis exhibit distinctive characteristics when
compared to other types of disasters as the decision to close the markets was imple-
mented not immediately after the earthquakes but rather two days later. This unique
aspect allows for the direct observation of the market's initial reaction in the immediate

aftermath of the earthquakes. The delayed closure of markets also introduces an
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interesting break in the timeline, providing an opportunity to discuss the effects of the

closure itself on market efficiency.

In addition, observing the market response both before and after the closure presents
an opportunity to find out whether the delayed market shutdown influenced investor
behavior, trading patterns, or the efficiency of price adjustments. This approach for an-
alyzing the features of earthquake-caused disruptions contributes to a better under-

standing of the complexities in studying financial market reactions to natural disasters.

In earlier literature, researchers underscores the need to recognize the custom impacts
of earthquakes, emphasizing that these effects can vary depending on the country and
the sector (Yamori & Kobayashi, 2002; Brounen & Derwall, 2010). This perspective advo-
cates for domestic investigations to provide a deeper understanding of the unique dy-
namics at play. In this context, there is an absence of studies analyzing the Turkish stock
market's response to events occurring within Turkiye. Given that the Turkish economy
stands as one of the largest and most dynamic in its region, having significant influence

in the global economy, this research gains a heightened importance.

1.2 Hypotheses

The majority of earlier studies have consistently demonstrated that the overall impact
of disasters on the event day is statistically significantly negative, indicating an adjust-
ment of prices in response to new information (e.g., Shelor et al., 1990; Lamb, 1998;
Yamori & Kobayashi, 2002; Chen & Siems, 2004; Chesney et al., 2011; Scholtens & Voor-
horst, 2013; Valizadeh et al., 2017). Building upon these established findings, this study
anticipates that when an earthquake occurs in Tirkiye, the stock markets are likely to
exhibit a negative reaction on the very day of the event. The presence of a significant
and negative Average Abnormal Return (AAR) would suggest that the markets are ac-
tively responding to this new and distressing information. Therefore, the first hypothesis

is formulated as follows:
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Hypothesis 1. Earthquakes have a negative and significant impact on the AARs of the

stocks of Turkish market on the event day.

However, a subset of researchers (e.g., Shelor et al., 1990; Lamb, 1998; Yamori & Koba-
yashi, 2002; Bash & Alsaifi, 2019) has uncovered evidence suggesting that abnormal re-
turns following a natural disaster may not exhibit statistical significance in the days im-
mediately following the initial shock. If this observation holds true, it implies that the
combined impact of an earthquake might not extend beyond the initial day. Conse-
quently, the prediction is that the Cumulative Average Abnormal Returns (CAAR) in the
subsequent days after an earthquake should statistically not be different than zero. In
simpler terms, this means that any overall effects on the stock markets after the earth-
guake should settle relatively quickly pointing at market efficiency. Therefore, the sec-

ond hypotheses is as follows:

Hypothesis 2. Earthquakes do not have a negative and significant effect on the CAARs of

the stocks of Turkish market.

Moreover, considering the patterns observed in the event window stock movements, it
is plausible to anticipate that certain sectors, such as the construction and real estate
sectors, might experience positive effects in the aftermath of earthquakes. Earlier liter-

ature has shown evidence in this manner (Shelor et al. 1990; Valizadeh et al. 2017).

Also, it is possible to assume that earthquakes could lead to increased demand for con-
struction services due to the need for rebuilding and infrastructure development. Simi-
larly, the real estate sector may benefit as reconstruction efforts and the restoration of

damaged properties could stimulate property transactions.

Therefore, the last two hypotheses are as follows:
Hypothesis 3. Earthquakes have a positive and significant impact on the ARs of the se-

lected Turkish sector specific indices on the event day.
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Hypothesis 4. Earthquakes do not have a negative and significant effect on the CARs of

the Turkish sector specific stock indices.

1.3 Limitations and assumptions

The daily stock returns regarding the estimation window and event windows are ob-
tained from reliable sources. However, some errors regarding the daily return data or
other details about the earthquakes chosen for this research might also be present. In
addition, since earthquakes can also cause other influence, it is possible that the ob-
served prices are not entirely caused by these earthquakes but are affected by other

factors, making it difficult to interpret the outcome.

Also, this study acknowledges the potential presence of selection bias in the events un-
der examination. This bias implies that certain events with negligible impacts on the
market might be included, while others with substantial effects could be inadvertently
excluded. Even though these acknowledged challenges and biases could affect the re-
sults of the study, the conventional event study approach is employed widely in the pre-
vious literature (e.g., Brown and Warner, 1985; MacKinlay, 1997). Therefore, it remains

arobust and applicable methodology to comprehensively analyze all the selected events.

Some studies in the literature advocates for the employment of estimation windows
larger than 200 days. However, this thesis utilizes a comparatively shorter window of 120
days. While earlier studies caution that standard deviation estimates can be affected by
downward bias caused by shorter estimation periods (Kothari & Warner, 2007), the de-
liberate choice of a shorter window in this study serves a specific purpose. Given that
Turkiye is a politically active country and that the year 2022 still exhibited late effects of
the COVID-19 pandemic, the decision to use a 120-day window is significant for prevent-
ing other major events from contaminating the results. This shorter timeframe aims to
capture a more focused period around the event, minimizing the risk of interference

from unrelated market movements. Also, MacKinlay (1997) supports the use of a 120-
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day window for estimating market model parameters before the event, further justifying

the chosen approach.

Furthermore, other studies in prior literature studying the relationship between major
events and financial markets, such as Shelor et al. (1990), Lamb (1998), Yamori and Ko-
bayashi (2002), Chen and Siems (2004) and Brounen and Derwall (2010), employ shorter
estimation windows. Therefore, the selection of 120-day estimation window aligns with
these established practices in the literature as these studies successfully demonstrates
the reliability and efficacy of such an approach. By following these earlier practices, this
thesis ensures consistency with well-regarded practices in the field and emphasizes the
importance of a focused analysis when investigating the impact of specific events on

stock markets.

Statistical models rely on the assumption that returns adhere to a normal distribution
and are independent and identically distributed over time (MacKinlay, 1997, p.17). Alt-
hough this assumption may initially seem restrictive, models based on normal returns
often exhibit resilience and robustness to deviations from the normal distribution. This
is because such deviations typically do not pose methodological problems, given that
the assumption of normality is empirically rational (MacKinlay, 1997, p.17). Additionally,
Brown and Warner (1985, p.25) suggest that the non-normality of daily returns does not
significantly affect event studies. MacKinlay (1997) further notes that as the number of
securities in the sample increases, there is evidence to suggest that the sample mean
converges to normality, in accordance with the law of large numbers. This convergence
underscores the reliability of statistical models in capturing market behaviors, even in

the presence of deviations from normality.

For testing the results, this study utilizes a t-test as described by MacKinlay (1997). While
other studies in the prior literature may opt for non-parametric tests in cases of deviation
from normality, Brown and Warner (1985, p.25) demonstrate that parametric tests, such

as the student’s t-test, are well-suited for assessing the significance of Average Abnormal
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Returns (AAR) and Cumulative Average Abnormal Returns (CAAR), even when dealing
with small sample sizes. This research methodology offers robustness in evaluating the
statistical significance of abnormal returns, contributing to the reliability of findings de-

spite potential deviations from normal distribution assumptions.

When analyzing sectoral indices, the acquisition of only one observation per day from a
single index can present challenges in achieving reliable results. Nevertheless, earlier lit-
erature includes studies that methodologically utilize a single index and one observation.
For instance, Nikkinen and Vahamaa (2010) explores the effect of terrorism on stock
market sentiment using only one index and one observation. Similarly, Valizadeh et al.
(2017) utilizes sectoral indices with single observations per day to investigate the sector-

specific impacts of the 2011 Japanese earthquake.

Finally, the estimation of abnormal returns may be influenced by the selection of differ-
ent approaches, such as the Capital Asset Pricing Model (CAPM), the market model, or
the mean-adjusted model. While this variation in methodology could potentially yield
differing results in terms of abnormal returns, MacKinlay (1997) suggests that these
models generally produce similar findings. In addition to the choice of model, other fac-
tors such as the selected dataset, sample size, and the selection of the market portfolio

can also impact the accuracy of estimations.

Despite these limitations and potential biases associated with event studies. Their sim-
plicity, accuracy, and adaptable nature makes them an effective tool for researchers in
finance. This design facilitates the identification of abnormal returns, as emphasized by

MacKinlay (1997).

1.4 Structure of the paper

The structure of this research is organized into seven chapters to systematically explore
and present insights on the effects of earthquakes on financial markets. Introductory

chapter one lays the foundation by introducing the research topic, presenting key studies
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in the field, explaining the purpose of the paper, and highlighting the potential contribu-
tions to existing literature. This chapter also serves as the platform for presenting the

research hypotheses.

Chapter two provides an overview of the damage and casualties resulting from the 2023
Turkish earthquakes. Additionally, it delves into general information regarding the po-
tential economic effects of earthquakes and global seismic risk. This contextual back-
ground sets the stage for the subsequent research. Chapter three focuses on relevant
theories and issues related to the study, establishing a theoretical framework to guide
the exploration of earthquake-induced market dynamics. This section aims to provide a
complete understanding of the conceptual foundation that inform the subsequent em-

pirical analysis.

In chapter four, the focus shifts to a thorough review of prior research on the broader
impacts of earthquakes on the economy and stock markets. This chapter not only syn-
thesizes existing studies but also incorporates insights from other event studies with di-
verse perspectives, enriching the understanding of the subject matter. Chapter five de-
tails the data sources and methodologies employed to address the research hypotheses,
presenting a transparent account of the analytical framework. The inclusion of alterna-

tive methodologies enhances the robustness of the study's approach.

The empirical findings are discussed in chapter six, providing a detailed analysis of the
research outcomes. This section presents the observed effects of earthquakes on finan-
cial markets, offering valuable insights into market reactions and dynamics during seis-
mic events. Finally, the empirical findings are synthesized to draw meaningful conclu-
sions in chapter seven. Also, the implication of the study is discussed, acknowledging its

limitations, and suggesting avenues for future research.
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2 Background of the event

Turkiye, situated in a seismically active region, has a history of susceptibility to earth-
quakes, as evidenced by 269 recorded seismic events between the years 1900 and 2023
(SBB, 2023). One of the most recent and catastrophic earthquakes occurred on February
6™ 2023, in Kahramanmaras, a city located in southern Anatolia. The earthquake, char-
acterized by magnitudes of 7.7 Mw and 7.6 Mw, struck at 04:17 and 13:24, respectively,
leaving a lasting impact on a total of eleven provinces. The aftermath of this tragic event

has resulted in a staggering loss of over 48,000 lives as of April 20 (SBB, 2023).

3 Epicenter /

Figure 1. Sphere of influence of the earthquakes (Laleoglu, 2023)

Figure 1 visually conveys the extensive impact of earthquakes by comparing the affected
area to the size of France, thereby emphasizing the magnitude of these disasters. Evi-
dently, seismic events have a far-reaching influence, affecting a broad region that spans
at least three countries, namely Iraq, Syria and Tirkiye. This illustration serves to under-
score the substantial geographical reach of earthquakes and their potential implications

on multiple nations in the vicinity.
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The affected regions in Tirkiye, encompassing various cities, collectively house a popu-
lation of 14,013,196, constituting 16.4% of the entire country's population (SBB, 2023).
The consequences of these earthquakes extend beyond immediate human casualties,
spreading through the socioeconomic fabric of the affected areas, demanding compre-
hensive efforts in relief, recovery, and rebuilding. Tirkiye's ongoing vulnerability to seis-
mic activity underscores the imperative for proactive measures in earthquake prepared-
ness and mitigation to minimize the impact of future events on both life and infrastruc-

ture.

A thorough report (see SBB, 2023) conducted by Strategy and Budget Office of Turkish
Ministry of Environment and Urbanization and Climate Change has brought to light the
scale of destruction caused by the recent earthquake in Tlrkiye. The findings reveal a
significant impact on infrastructure, with a total of 1,929,313 buildings reported as dam-
aged, of which 518,009 are categorized as severely damaged or completely destroyed.
The financial impact of this disaster is also substantial, as the estimated cost incurred in
the housing sector alone is $66 billion, underscoring the magnitude of the economic

impact.

The consequences of this seismic catastrophe extend beyond the immediate structural
damage, casting a long shadow over important industrial zones in the affected cities,
including Gaziantep, Adana, and Hatay. Particularly Hatay stands out as a significant port
city with integral importance to the nation's economic activities. The direct and indirect
losses, coupled with the supply chain disruptions caused by this notable disaster, are
profound. However, determining the full extent of these effects is a complex task due to
the complex interplay of various socio-economic factors and the inherent uncertainty

within the system.

Attempting to measure the impacts on the nation's economy, the study examines the

stock market's response to the earthquake. Commonly regarded as a barometer of the
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economy, the stock market's reactions serve as a tangible indicator of investor sentiment
and confidence in the aftermath of such a disaster. Understanding and analyzing these
market dynamics provide valuable insights into the resilience and adaptability of the
economy in the face of unforeseen challenges, shedding light on the broader economic

landscape impacted by this seismic event.

2.1 Earthquakes and economies

The geographical location of Tirkiye places it squarely within a seismic hotspot, as de-
picted in Figure 2. The susceptibility to earthquakes is a longstanding reality, with histor-
ical data revealing 269 recorded earthquakes between 1900 and 2023. The reoccurrence
of seismic events underscores the inevitability of future earthquakes, emphasizing the

crucial need to proactively address their potential economic impacts.
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Figure 2. Earthquake Risk Map of Tiirkiye (Ozmen et al., 1997, p.9)
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Given the inability to prevent earthquakes, the focus shifts towards mitigating the ad-
verse impact on the economy. The economic well-being of a nation serves as a linchpin
not only for the purchasing power of its citizens but also as a cornerstone for initiating
and sustaining critical search and rescue operations in the aftermath of disasters. More-
over, a robust economy is pivotal in providing essential support, shelter, sustenance, and

rehabilitation for survivors.

Recognizing the multifaceted role of economic health in disaster management is para-
mount. The financial resources generated by a strong economy become instrumental in
swiftly mobilizing resources and personnel for emergency responses. Funding search
and rescue operations, providing immediate aid, and offering sustained assistance to
survivors all hinge on the economic resilience of a nation. Therefore, fostering economic
strength assumes a dual significance: enhancing the overall quality of life for citizens
during normal times and fortifying the nation's ability to effectively respond to and re-

cover from unforeseen disasters.

In essence, while the inevitability of earthquakes prevails, strategic efforts to minimize
their economic impact become imperative. By strengthening its economic structures and
mechanisms, a nation not only reinforces the day-to-day well-being of its population but
also ensures a more prepared and responsive approach when confronted with the chal-
lenges posed by seismic events. This holistic perspective underscores the integral role of
economic stability in the broader context of disaster preparedness, response, and recov-

ery.

Examining the data presented in Figure 3 underscores the wide and recurrent nature of
earthquakes, extending their impact across vast geographical regions from Far Asia to
the Balkans and beyond. This reality highlights the significance of understanding how
stock markets respond to seismic events, as such knowledge holds relevance not only
for the directly affected country but also for neighboring nations that may encounter

similar challenges in the future. Unveiling the dynamics of stock market reactions to
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earthquakes is not merely a localized concern; it serves as a crucial source of information

for key components within the broader financial system.

 GEM Foundaton 2023 (map V2021.1) - Lcwe CC BYSA

Figure 3. Global Seismic Risk Map (Silva et al., 2023)

The implications of seismic events transcend national borders, reaching far beyond the
immediate affected area. A case in point is the Turkish earthquake, which not only had
a profound impact on the economies of Tirkiye but spread globally, attracting attention
on an international scale. This global awareness and interconnectedness were further

substantiated by the actual market reactions that followed the seismic activity.

In the aftermath of the Turkish earthquakes, public expectations mirrored the anticipa-
tion that these catastrophic events would not only influence the economies of the di-
rectly affected nations but would also cast a shadow on the global economic landscape.
These expectations materialized swiftly, as evidenced by the significant drop in the main
index of Istanbul's stock exchange, registering a sharp decline of approximately 7%

within a day of the earthquakes (Hogg, 2023). This immediate market response
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underscores the vulnerability of financial systems to natural disasters and their ability to

transmit shockwaves far beyond the epicenter.

In conclusion, the reoccurrence of earthquakes on a global scale requires an examination
of how financial markets respond to such events. The insights gained from such analyses
not only benefit the directly affected nations but also contribute valuable information to
enhance the resilience and preparedness of financial systems worldwide in the face of

seismic challenges.
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3 Theoretical Framework

The event study methodology, which will be discussed in detail in chapter 5, is a theo-
retical framework that operates under the fundamental assumption that markets func-
tion efficiently. This assumption is explained by Fama (1970) as Efficient Market Hypoth-

esis (EMH), is a theoretical background serving as a foundation for this research.

According to Fama (1970), the price in an efficient market is assessed to all the new in-
formation, therefore it is not possible to make abnormal gains. According to this hypoth-
esis, market prices do not follow a pattern, therefore it is unpredictable and random.
However, this does not imply market irrationality. Markets are rational in a way that they
only react to new and unpredictable information rather than making valuations depend-

ing on the historical price (Bodie et al., 2014, p. 345).

Nevertheless, in the context of research examining how market prices move, there is a
long history predating Fama's hypothesis. Although the efficient market theory was pro-
posed by Fama in 1970, one of the first studies in this field emerged in the 19th century.
Regnault (1863), in his study on financial assets, examines the relationship between the
time the asset is held and the size of the gain or loss and concludes that the gain or loss

increases as the square root of the holding period.

Thirty-seven years later, Bachelier (1900) conducts a study on the price movements of
options and futures. His findings leads him to conclude that the best predictor of future
prices is the current price. Consequently, he argues that the expected gains of specula-
tors should be zero. Bachelier's work is regarded as a foundational paradigm in modern
finance, paving the way for many other research in this field as Fama (1965, p.41) con-
siders this research as “the first complete development of a theory of random walks in

security prices”.

In his study, Cowles (1933) evaluates the performance of 45 different professional agen-

cies in predicting the movements of the market between the years 1928 and 1932. He
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divides the sample into two groups, the first one consisting of 20 insurance companies
and 16 financial institutions while the second one is only made up of 25 financial publi-
cations. The results indicates that financial institutions and fire insurance companies per-
formed 1.43% and 1.20% worse than the common stock respectively and failed to
demonstrate any kind of investment skill related gain, suggesting that chance governed

their performance.

In his extension of the earlier study, Cowles (1944) utilizes data spanning over 15 years,
covering 11 financial service providers from 1928 to 1943. The research reveals that
none of the providers succeeded in predicting market movements. Moreover, Cowles
(1944) identifies the best-performing agency and extended the time period to 40 years.
In this extended analysis, the results indicates that the agency consistently outper-
formed the market index by 3.3% annually, representing a statistically significant
achievement. Cowles also emphasizes that employing inertia as an investment strategy

during the considered period would have resulted in substantial gains.

In their study, Kendall and Hill (1953) examines the stock price movements by analyzing
economic time series comprising 22 industrial indices. They discover no discernible pat-
terns in stock prices. The fluctuations appear to follow a random walk, with prices being
just as likely to increase as they were to decrease on any given day, irrespective of past
performance. The data fails to offer any reliable means of predicting the direction of

price movements.

Fama (1965) conducts a study on the price movements of thirty companies, revealing
that twenty-three of them exhibited positive serial correlation. However, these correla-
tions were notably small, suggesting a weak probability of abnormal returns. Fama (1965)
also emphasizes that prices adjust promptly to changes in intrinsic value. Consequently,
this observation not only aligns with but also provides strong evidence in support of the

random walk theory.
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Ultimately, Fama (1970) examines previous literature and proposes a hypothesis. Ac-
cording to this new hypothesis, in an efficient market, prices fully and quickly incorporate
all available information, leaving no room for investors to consistently exploit mispricing

and earn abnormal profits.

Efficient market response
to "good news"

Bl

Delayed response
to "good news"

Overreaction to
"good news"

Stock price in USS

A 4

Timeline

Figure 4. Differing market response to new information (Smirnov, 2020)

Figure 4 illustrates the diverse market reactions to positive news. Following the EMH,
the market should ideally exhibit neither long-term overreactions nor underreactions.
Such deviations from efficient price could create abnormal return opportunities for
other investors. According to the EMH, any over or underreactions should promptly be
seized upon by arbitrageurs, ensuring that the market swiftly adjusts to the true value of
the asset. The grey line in the figure serves as a representation of how an efficient market

should price the asset in light of the new information.

Following the announcement of new information, the market price undergoes an adjust-
ment, aligning itself with the perceived real value of the asset. The efficiency of the mar-

ket is evident in the swift and accurate incorporation of this new information into the
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asset's pricing. Importantly, the grey line signifies the theoretical balance point that an
efficient market would reach after processing the latest information. Once this adjust-
ment occurs, further market corrections become unnecessary until newer information

emerges.

3.1 Basic principles of Efficient Market Hypothesis

According to Shleifer (2000, pp. 2-5), there are three assumptions in the core of efficient
market hypothesis. The first of them is the rationality of the people in the market. EMH
assumes that people are reasonable with their decisions and on-point at valuing the new
information. Secondly, even when the investors are not rational, their unreliable decision
would cancel one out, therefore prices would be unaffected. Lastly, in the times of irra-
tional decisions, rational arbitrageurs would keep the markets effective which in turn

would remove the influence of the irrational decisions on the prices.

EMH asserts that investors are rational decision-makers who process information effi-
ciently and make investment choices based on available data (Shleifer, 2000, pp. 2-5).
Rationality in this context implies that investors weigh all available information, including
past prices and relevant news, in an unbiased and objective manner. Investors are as-
sumed to act in their best financial interest, aiming to maximize returns or minimize risks
(Bodies et al. 2014, p. 348). This assumption plays a crucial role in EMH, as it forms the
basis for the hypothesis that asset prices fully and accurately reflect all available infor-

mation at any given time.

However, efficiency of the market does not only depend on the rationality of the inves-
tors. Even at the times of unreasonable decision, EMH assumes that any irrational be-
havior exhibited by individual investors tends to cancel out in the aggregate, contributing
to market efficiency (Shleifer, 2000, pp. 2-5). The idea is rooted in the law of large num-
bers, asserting that as the number of market participants increases, the impact of indi-
vidual irrational decisions diminishes. In a large and diverse market, the collective ac-

tions of rational investors responding to new information tend to offset the less
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systematic and more erratic choices made by irrational investors. This dynamic creates a
self-correcting mechanism, where market prices, on average, converge towards their fair

values.

Moreover, EMH does not only rely on the randomness of irrationality but also considers
arbitrageurs as a correcting mechanism in the market. EMH posits that asset prices fully
and accurately reflect all available information, leaving little room for profitable oppor-
tunities (Shleifer, 2000, pp. 2-5). Arbitrageurs, individuals or entities who exploit price
discrepancies across different markets or securities, actively contribute to the adjust-

ment process that aligns prices with their intrinsic values.

In an efficient market, any temporary mispricing or inefficiency created by new infor-
mation is swiftly identified and exploited by arbitrageurs, who engage in buying or selling
activities to capitalize on the price differentials. Their actions, driven by the pursuit of
profit, help correct market prices and restore equilibrium. The presence of arbitrageurs
is essential for ensuring that markets remain efficient over time, as their activities con-

tribute to the rapid incorporation of new information into asset prices.

3.2 Forms of market efficiency

Fama (1970) classifies the efficiency of markets based on their responsiveness to new
information, and it consists of three progressively inclusive categories: the weak form,
semi-strong form, and strong form. This classification system serves as a fundamental
framework for understanding how swiftly and comprehensively financial markets adjust

to available information.

The weak form asserts that stock prices already encapsulate all information derived from
market trading data, including historical prices, trading volume, and short interest (Bodie
et al., 2014, p. 348). Its implications extend to challenging the effectiveness of trend
analysis, suggesting that past stock price data, being publicly available and easily acces-

sible, lose their predictive power (Bodie et al., 2014, p. 348). The logic follows that if
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historical data could reliably signal future performance, investors would have already
exploited these signals, rendering them obsolete as they become widely known (Bodie

et al., 2014, p. 348). The weak-form efficiency can also be shown in the following way:

Po=P_1 +E@) + a, (1)

where Pr is the return of a security at time ¢ and Przis the return of a security at time

t-1. E(rt)represents the expected return at time tand a:represents the random variable.

The semi-strong form of the EMH, as described by Fama (1970), proposes that stock
prices already incorporate all publicly available information, leaving investors unable to
consistently achieve superior returns by analyzing widely accessible data. In this form,
not only do past market trading data lose their predictive power, but also any infor-
mation accessible to the public, such as financial statements, economic indicators, and
relevant news, is swiftly and fully reflected in stock prices. Therefore, the semi-strong
form challenges the feasibility of earning abnormal profits through in-depth analysis of
public information, asserting that any attempt to exploit such data would be futile due
to its rapid incorporation into market prices (Bodies et al. 2014, p.348). Investors oper-
ating under the semi-strong form of the EMH would face the daunting task of identifying
mispriced securities before the broader market assimilates the relevant information,

thereby complicating the prospect of consistently outperforming the market.

As the weak and semi-strong forms of the EMH primarily address the incorporation of
publicly available information into stock prices, the strong form goes even further. Ac-
cording to the strong form, not only is it impossible for investors to profit from trading
on information available to the public, but also abnormal profits from trading on insider
information are unreachable. The strong form suggests that even with non-public, in-
sider information, any potential advantage is short-lived, as such information rapidly
spreads on the market and becomes incorporated into stock prices (Shleifer, 2000, pp.

5-10).



28

4 )

Strong form

4 h

Semi-strong form

Weak form

> A

Figure 5. Forms of market efficiency

Figure 5 provides a visual representation of the three forms of market efficiency, namely
strong form, weak form, and semi-strong form. However, it is crucial to recognize that
these distinctions are not mutually exclusive. In practical terms, a market may concur-

rently exhibit characteristics of strong, weak, and semi-strong forms of efficiency.

For instance, a market that demonstrates strong form efficiency implies that all infor-
mation, including both public and private, is fully reflected in current prices. Simultane-
ously, the market also showcase characteristics of weak form efficiency, where historical
price and volume data are already incorporated into the existing prices. Furthermore,
the market exhibits semi-strong form efficiency, indicating that public information is rap-

idly reflected in asset prices upon its announcement.

While much of the discourse surrounding the EMH has focused on the weak and semi-
strong forms, the strong form's assertion of the impossibility of profitable insider trading
has faced scrutiny. Instances of individuals facing legal consequences for illegal insider
trading may challenge the principles of the strong form, suggesting that some informa-

tional advantages persist even within a legal framework. This nuanced perspective
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prompts ongoing debate about the limitations and applicability of the strong form of the

EMH in understanding the intricate dynamics of financial markets.

3.3 Challenges

Since its emergence in the 1960s, the Efficient Market Hypothesis (EMH) swiftly gained
popularity within the financial world, supported by a high number of empirical findings

(Shleifer, 2000, p.1). However, this initial acclaim was rapidly met with serious criticism.

At the core of the EMH lies the foundational assumption that prices follow a random
walk. This proposition was notably challenged by Lo and MacKinlay (2008), who, through
a pivotal study, presents strong evidence of successive price movements in the same
direction, thereby suggesting the potential for predicting future prices. Despite this,
Malkiel (2003) asserts that the statistical dependencies identified are too weak to yield
abnormal gains for investors, particularly when considering the impact of transaction

costs on momentum strategies.

Another assumption of the EMH states that market participants are rational. However,
this assumption encounters serious challenges from psychological evidence (Shleifer,
2000). While the EMH acknowledges the existence of irrationalities among investors, it
contends that these irrationalities would collectively follow a random walk, thus neutral-
izing each other. Shleifer (2000) argues against this perspective by stating that these ir-
rational decisions actually goes in the same direction, highlighting not only the irrational
behavior of individual investors but also that of professionals such as fund managers who,

in seeking financial advice, aim to avoid falling behind.

Moreover, EMH relies on the premise that, in the face of irrational price changes, arbi-
trageurs exploit the discrepancies, driving prices back to their equilibrium. However, this
argument has its limitations. Firstly, for arbitrageurs to capitalize on market inefficiencies,

there must be close substitutes available, and these are not always present (Shleifer,
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2000). Additionally, the finite capacity of arbitrageurs poses a limit on their ability to

correct mispricings. Assets exceeding this capacity thus remain inefficiently priced.

In response to these critiques, Malkiel (2003) maintains that markets, when viewed in a
broader perspective, exhibit efficiency. While anomalies may arise, they are temporary
and unpredictable, lacking the repeatability and profitability necessary to undermine the
EMH. Malkiel (2003) emphasizes that, though markets may not achieve perfect efficiency,
any deviations from random walks are short-lived and transient. Thus, for the EMH to

hold, markets do not need to rigidly follow random walks.
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4 Literature review

Given the limited research on earthquakes and their impact on the stock market, this
section is divided into two parts. The first part covers event study research specifically
focused on earthquakes. In this context, how seismic events influence financial markets
is examined. The second part broadens the scope to encompass event study research in

general studying various disasters, no matter if they are natural or political in nature.

4.1 Earthquake-related studies

In recent years, researchers have increasingly paid attention to studying the relationship
between earthquakes and their impact on the stock market. Shelor et al. (1990) are pio-
neers in this field, conducting research on the effects of the 1989 San Francisco earth-

guakes on real estate stock prices, which is already discussed in the introduction part.

In a subsequent study on the same earthquake, Shelor et al. (1992) investigates the ef-
fects of the earthquake on insurance companies. They identified statistically significant
positive abnormal returns on the day of the event. These returns were interpreted as
the positive expectations of the investors following the sales of insurance. Furthermore,
cumulative abnormal returns were calculated up to 15 days after the event, but no sta-
tistically significant results were found during this period. Concerning these findings,
West (2003) argues that the study fails to incorporate the reduction in interest rates oc-
curring two days after the earthquake. Hence, the observed behavior may not solely be
caused by the earthquake but also by other macroeconomic influences, consequently

lowering the reliability of the results.

Building on these studies, Yamori and Kobayashi (2002) investigates the effects of the
1995 Japan earthquakes on the shares of 13 Japanese insurance companies using a mar-
ket model. In contrast to previous literature on earthquakes (see Shelor et al., 1990;
Shelor et al., 1992), their findings resulted in statistically significant negative cumulative

abnormal returns up to 4 days after the event. They underscore the effectiveness of
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Japanese stock market at assessing the new information since the possibility of abnor-
mal returns disappeared in a relatively short time period. However, regarding these dif-
fering results between US and Japan, the authors do not provide clear explanations. Also,

having a sample of only 13 companies contributes to lower reliability in the results.

While the majority of prior literature on earthquakes focuses on Japanese and American
stock markets, there are also other studies taking different directions. One of them is
Worthington and Valadkhani (2004) which examines natural disasters, including earth-
quakes, bushfires, and floods, which occurred in Australia between 1983 and 2002. The
researchers employ Autoregressive Moving Averages Model (ARMA) for their analysis.
The study finds that these disasters had varying influences on the market, depending on
the nature of the event. They assert that while these disasters created significant nega-
tive abnormal returns on the day of the event, the effects on the following days were

inconsistent.

Similarly, Worthington and Valadkhani (2005) conducts an analysis of the impact of var-
ious natural, industrial disasters and terrorist attacks on ten distinct sectoral indices
within the Australian stock market, utilizing the ARMA model. Their findings underscore
the vulnerability of specific sectors, particularly within consumer discretionary, financial
services, and materials. However, other sectors such as consumption stay generally un-

affected by the abnormal impacts of these disasters.

In another study, Worthington (2008) expands upon the earlier research by broadening
the sample from Worthington and Valadkhani (2004). Employing the Generalized Auto-
regressive Conditional Heteroskedasticity (GARCH) approach, this research analyzes the
effects of natural disasters, including storms, floods, bushfires, and earthquakes, on the
Australian stock market. Contrary to prior literature, the study concludes that inclusion
of variables for natural disasters does not account for the variation observed in daily

market returns.
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Brounen and Derwall (2010) examines the effects of major terrorist attacks spanning the
period from 1990 to 2005. The study extends its analysis beyond terrorist attacks to in-
clude ARs and CARs for significant earthquakes. However, inconsistent with most of the
prior literature, the study finds no significant abnormal returns, neither on the day of
the event nor throughout the following days within the event window. They also state

that the reactions of the stock markets are more severe domestically.

In their study, Kawashima and Takeda (2012) studies the effects of 2011 Fukushima nu-
clear accident, which happened as a result of East Japan earthquakes, on the stock prices
of companies that owns the power station and other electric power utilities by employ-
ing classic event study approach. The findings of the study suggests that 2-day and 30-
day CARs of all the companies shows statistically significant negative abnormal returns.
While the companies that owned the nuclear station suffered higher negative ARs, 137-

day CARs was not different than zero.

Scholtens and Voorhorst (2013) examines the effects of 353 earthquakes that happened
between the years of 1973 and 2011 on domestic stock markets and found that the dis-
asters had significant and negative effects in addition to the fact that the severity of the
earthquake or the development level of the market does not change the reaction of the
market against the earthquake. They also advocate the use of capital asset pricing model
(CAPM) for calculating abnormal returns rather than the market model, mentioning
CAPM'’s ability to make more sensitive estimations. However, this claim does not align
with the literature. In addition to MacKinlay (1997) claiming that CAPM is more restric-
tive than simpler models, studies such as Bash and Alsaifi (2019) and Ahmed et al. (2022)

show the capacity of the market model in making correct estimations.

Wang and Kutan (2013) studies the impact of natural disasters, such as earthquakes,
tsunamis and volcanic eruptions, on insurance sectors of Japan and USA following the
methodology used by Worthington (2008). According to the results of the study, while

there is no wealth effect on US and Japan composite stock markets, insurance sectors
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show different results as US insurance sector lose and those in Japan gain inconsistently
with the prior literature (see Shelor et al., 1992; Yamori & Kobayashi, 2002). However,
Wang and Kutan (2013) do not provide an explanation for these contradictory results

between the two countries.

In their study, Carpenter and Suret (2015) analyze the effects of 161 environmental and
non-environmental accidents between 1959 and 2010. Their study suggest that in gen-
eral the market reacts to an announcement of an accident negatively and persistently.
On the other hand, the calculated CARs does not show statistical significance one year

after the accidents.

Ferreira and Karali (2015) show that financial markets are resilient to abnormal effects
of the earthquakes. They find that earthquakes have no significant abnormal impact on
macroeconomic variables such as GDP or GDP growth in all 35 countries except for Japan.
These results are consistent with Fomby et al. (2013) and Wang and Kutan (2013). In
relation to these findings, Valizadeh et al. (2017) argue that the examination of stock
market indices may mask highly negative abnormal returns within specific sectors if

these are offset by positive returns in other sectors.

In their study, Valizadeh et al. (2017) examines the effects of the 2011 Japan earthquakes
on stock markets of Japan and its trading partners. The study employes a modified ver-
sion of the market model for the short-term analysis and buy-and-hold abnormal return
approach for the long-term analysis and concludes that the earthquake had significant
negative abnormal effects on all the stock markets studied. On the other hand, in the
sector specific analysis, it is found out that some sectors benefited from the earthquake
having positive and significant abnormal returns. Their results show consistency with
prior literature (Yamori & Kobayashi, 2002; Worthington & Valadkhani, 2005). However,
the study utilizes only one index per sector, resulting in one observation per day. While
this approach may lead to biased estimations, it still holds utility for examining the di-

verse reactions within sectors.



35

Summarizing the main findings of the authors in this chapter, while most of the studies
suggest negative abnormal consequences of an earthquake, some of the studies chal-
lenge this narrative indicating that these negative effects may be temporary, limited to
the day of the event. Furthermore, a distinct set of studies suggest that earthquakes may
not exhibit statistically significant abnormal effects on stock markets. These differing
findings underscore the complexity of the relationship between earthquakes and finan-

cial markets.

4.2 Other relevant studies

Earlier instances of event studies focused on examining market reactions to events such
as stock splits and mergers. An illustrative example is the work of Keown and Pinkerton
(1981), who investigates the effects of merger announcements on stock prices. In their
study, they utilize a 100-day estimation period and a standard market model to estimate

normal returns.
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Figure 6 depicts the findings of their study, revealing a notable increase in abnormal re-
turns approximately 15 days before the announcement date, suggesting the possibility
of insider information leakage. However, following the announcement, the market im-
mediately adjusted prices, aligning with the new information. The outcomes of this study
show support to the semi-strong version of market efficiency, affirming that information
is rapidly incorporated into stock prices after public disclosure, reinforcing the efficiency

of the market in responding to significant events.

In the context of geopolitical events, the 1990 Iraqi invasion of Kuwait has been studied
by Bradford and Robison (1997). The study employes the market model for estimating
the CARs of 81 transportation firms and concludes that these firms suffered -2,09% CAR

in the five-day event window. This result is consistent with prior literature.

Furthermore, Lamb (1998) focuses on the reaction of 34 publicly held property and cas-
ualty companies to Hurricane Andrew in 1992 and Hurricane Hugo in 1989 relative to
their condition of exposure. The study draws inspirations from prior literature since it is
seen that companies reacted to the 1989 California earthquake based on their geo-
graphic locations (see Shelor et al. 1990). With a 150-day estimation period and employ-
ing the standard event study methodology, the paper finds that the only statistically sig-
nificant results are shown by firms exposed during Hurricane Andrew. However, this sig-
nificance only lasts for two days after the event, implying a successful incorporation of
new information into the stock prices. The study thus highlights the dynamic nature of
market reactions to natural disasters and the efficiency with which information is ab-
sorbed and reflected in stock valuations. However, with respect to this methodology,
Wang and Kutan (2013) emphasize the significance of assessing the stability of stock be-
tas post-hurricanes, as volatility fluctuations during disasters could potentially alter stock

betas.
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Chen and Siems (2004) studies 14 different terrorist and military attacks that happened
between the years of 1915 and 2001 including the Iragi invasion of Kuwait as Bradford
and Robison (1997) does. The study finds statistically significant negative abnormal re-
turns in all the indices they included on the event day, while in event window CARs dif-
fered depending on the country. They also suggest that U.S. capital markets are less sen-
sitive to terrorist attacks than in the past and faster to recover from such attacks than

any other market.

Employing GARCH and classic event study model, Chesney et al. (2011) studies the ef-
fects of different terrorist attacks on stocks, bonds and commodity markets in 25 differ-
ent countries. Their findings indicates that the general abnormal effect of the attacks

were statistically significantly negative.

In their study, Bash and Alsaifi (2019) studies the effects of Jamal Khashoggi’s disappear-
ance on stock market of Saudi Arabia by employing classic event study approach. For
making a comparison between the estimators of normal returns, the study employs both
mean-adjusted return and market model. The research finds statistically significant neg-

ative CARs up to 20 days after the event and both models produced similar results.

In their study, Ahmed et al. (2022) examine the impact of the Russia-Ukraine crisis on
the European stock market using an event study methodology based on OLS estimations.
The study utilizes the STOXX Europe 600 Index as the market benchmark and includes
stocks belonging to thisindex in its sample. Employing an estimation window of 250 days
and an event window of 50 days, the study reveals significant negative abnormal returns
on the event day and surrounding days. A country-specific analysis indicates varying ef-
fects of the crisis across countries, with the Netherlands exhibiting the most negative
abnormal results and the UK displaying the most positive. Additionally, the study con-
ducts a sectoral analysis, demonstrating varied effects among different industries. Fur-
thermore, it observes that small and medium-cap firms were more severely impacted by

the crisis compared to large-cap firms.
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Lastly, Malik et al. (2023) investigate how corporate social responsibility (CSR) and non-
CSR companies from USA perform during 471 natural disasters that happened in USA
between the years of 1995 and 2015. The paper employs a standard market model for
estimating the normal returns and finds that CSR and non-CSR companies reacted to
disasters differently. Companies with higher environmental engagements, as part of
their CSR initiatives, demonstrate a more resilient market performance compared to
their counterparts without environmental CSR commitments. This finding underscores
the potential impact of CSR activities, specifically those focused on environmental con-
siderations, on companies' ability to navigate and recover from the challenges posed by

natural disasters.
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5 Methodology and data

This chapter provides an overview of the data and methodology employed in the re-
search. The presentation is organized into four subsections: the initial section describes
the data included in the study. The subsequent sections outline the applied research
methods and alternative methodologies. In addition to details of the data used in the
paper, a description of a table containing descriptive statistics of the selected indices is
presented to offer a thorough view of the dataset studied in this thesis. This structured
approach aims to provide clarity and transparency regarding the foundational compo-

nents of the research design.

5.1 Methodology

Event studies play an important role in capital market research, serving as a method to
assess market efficiency. In this context, the presence of systematically nonzero abnor-
mal security returns that persist after a specific type of event is seen inconsistent with
market efficiency. These studies become a valuable tool for scrutinizing the efficiency of
financial markets by examining the extent to which new information is rapidly and accu-
rately reflected in security prices (Kothari & Warner, 2007, p.5). If abnormal returns per-
sist beyond what is expected in an efficient market, it raises questions about the com-
pleteness and speed of information incorporation, providing insights into the efficiency

or inefficiency of the market under consideration.

Given that this study aims to explore market efficiency in Turkiye using event study meth-
odology, the calculation of abnormal returns holds considerable significance. To com-
pute abnormal returns, the initial step involves calculating the normal return, a process
for which various models are employed in the existing literature. The choice of the spe-
cific model for calculating normal returns becomes a critical aspect of the methodologi-

cal approach, influencing the accuracy and reliability of the abnormal return calculations.
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When it comes to selecting models for research, there are typically two main options to
consider: economic models and statistical models (MacKinlay, 1997). Economic models,
such as the Arbitrage Pricing Theory (APT) and Capital Asset Pricing Model (CAPM), rely
on economic theories to support their assumptions and calculations. On the other hand,
statistical models derive their expected returns from statistical assumptions about re-

turn behavior.

According to Campbell et al. (2011, p.156), CAPM were commonly employed in event
studies in the 1970s. However, deviations detected from the model and the strong limi-
tations imposed led to a decrease in the model's popularity. Furthermore, the flexibility
of loosening these limitations by employing the market model at a minimal expense,
which can still yield valuable estimations, contributed to the decline of CAPM (MacKinlay,

1997).

Another popular econometric model, Arbitrage Pricing Theory (APT), started to be in-
volved in researches after the cease of CAPM, since it does not impose false limitations
on the mean returns (Campbell et al. 2011, p.156). However, APT, while being a complex
methodology, does not create a big difference practically compared to statistical models.
Therefore, there appears to be no compelling reason to use econometric models over a

statistical model (MacKinlay, 1997).

Statistical models tend to be more commonly used as they provide a straightforward way
to estimate expected returns based on the behavior of past returns. Two popular statis-

tical models in this area are the Constant Mean Return Model and the Market Model.

The Constant Mean Return Model, as described by MacKinlay (1997, p.17), operates un-
der the assumption that the returns of a security follow a normal distribution, and that
the average return remains consistent throughout the observation period. This model
offers a straightforward approach and can prove valuable when analyzing securities ex-

pected to exhibit a steady return trend.
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On the contrary, the market model, considering the behavior of the market as a whole,
asserts that a security's return is influenced by both its systematic risk and the return of
the overall market portfolio (MacKinlay, 1997). This model proves beneficial in scenarios
where the market's behavior is anticipated to perform an important impact on the secu-
rity under investigation. The Market Model can be perceived as an expanded version of
the constant mean return model since it eliminates the part of the return relative to the
market's return, enhancing the ability to detect event effects (MacKinlay, 1997, p.18).
Due to these reasons and the potential advantages of the Market Model, it is employed

in this paper for estimating abnormal returns.

5.1.1 Timing of the event

Accurate determination of the event day is highly important for the success of an event
study (MacKinlay, 1997, p.15). In this study, the designated event day (t=0) corresponds
to the day when the earthquakes occurred. Given that the earthquakes took place on
the same day, one before the opening of the market and the other during the trading
day, 6th February 2023 is chosen as the event date. This selection of date ensures that
the event day aligns with the emergence of information to the market, providing a solid
foundation for the following analysis of market reactions and abnormal returns associ-

ated with the earthquakes.

The pre-earthquake estimation window is designed to cover a period that is free of rel-
evant impact factors on the target event, in this case, earthquakes. For this research, the
daily returns of the sectoral indices and each stock in the BIST100 market index are cal-
culated over this window. MacKinlay (1997) asserts that longer estimation periods re-
duces the variance since the additional variance caused by sampling error approaches
zero. For reducing the variance without including potential confounding events, the

length of this window is deliberately chosen to strike a balance.

Usually, event studies include a period of anticipation before the event to observe pos-

sible early market reactions, sometimes even taking into account insider information. In
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this study, however, given that the event in question is an earthquake and cannot be
predicted in advance with today's technology, a forecasting period is not utilized. There-
fore, the methodology chosen for this study does not use an anticipation period, in line
with previous literature (e.g., Shelor et al. 1990; Shelor et al. 1992; Scholtens and Voor-
horst, 2013; Valizadeh et al., 2017).

Following methodologies used in previous literature (e.g. Shelor et al., 1990; MacKinlay,
1997), an estimation window of 120 days (t=-120 to t=-120) prior to the event day is
chosen, as this choice allows for a deeper analysis, capturing a range of market behavior
while minimizing the risk of being influenced by unrelated events during the estimation

process.

The event window is the time period during which abnormal returns are calculated to
assess the effects of the earthquake. In this study, it covers the day of the event and 10
business days after the earthquake (from t=0 to t=10). This length has been used in pre-
vious literature with robust results (Yamori & Kobayashi, 2002; Brounen & Derwall, 2010).
Since this thesis aims to assess the immediate reaction of sectoral indices and the con-
stituents of the market index, using a short event window proves suitable. Also, Ferreira

and Karali (2015) indicates that shorter even windows can prevent contamination of

Break

-120 0 +10

Estimation window Event window

v

Event day

Figure 7. Time line of the study
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estimations by external factors that affect the returns of market index. Moreover, Brown
and Warner (1980) indicate that the reliability of tests tend to decrease in large event
window and advocate for the employment of short event windows. Figure 7 depicts the
timeframe of the research, spanning from 120 before and 10 days after the event, cov-

ering the estimation period, event day and event window.

5.1.2 Calculating normal returns

Computing abnormal returns correctly carries significance to conduct an event study ef-
fectively. Abnormal returns can be calculated by subtracting expected returns, i.e., nor-
mal returns, from actual returns. For estimating the normal returns, as mentioned earlier,

this research uses the market model proposed by Fama et al. (1969).

The market model correlates the return of a specific stock market index by conducting a
regression analysis of historical prices against the value of market portfolio index. In this
model, disturbance term calculated on out of sample basis is utilized as abnormal returns,
following the approach outlined by Brown and Warner (1985) and MacKinlay (1997). The
utilization of abnormal returns when analyzing market indices is particularly valuable,
providing insights into the financial markets' responses to specific events, as highlighted
by Chen and Siems (2004). Moreover, the market model has been previously employed
in prior literature with a wide range of studies (e.g., Keown & Pinkerton, 1981; Shelor et
al., 1990; Shelor et al., 1992; MacKinlay, 1997; Yamori & Kobayashi, 2002; Ahmed et al.,

2022). The market model is defined as follows:

Rit = @ + BiRms + &t (2)

where, Rt is the logarithmic daily returns of security or indexion day t, a;is the idiosyn-
cratic return, Siis the beta coefficient, R, is the return of the market portfolio at time

t, git is the disturbance term at time period t. The coefficients a; and f;are obtained
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through the Ordinary Least Squares (OLS) method. The analysis is computed under the
assumption that the variance of the disturbance term is constant. The normal returns

are then defined as following:

NR;; = & + fiRm, (3)

5.1.3 Calculating abnormal returns

Next step in the methodology for this study involves finding abnormal returns to inves-
tigate the impact on stock prices. Abnormal returns are in essence the disturbance term
calculated on a sample basis (MacKinlay, 1997, p.20). Abnormal returns are calculated
by subtracting the normal return from the actual return, where the expected return is
estimated using the market model. The abnormal returns (AR) are defined as the actual

returns minus the computed normal returns:

ARi,t = Ri,t - NRi,t (4)

where, ARt is the abnormal return of security or index 7at time ¢, Rt is the actual return

of security or index 7 at time t, VRt is the normal return of security or index i at time t.

Next, the abnormal return observations needs to be summed up for drawing overall con-
clusions (MacKinlay, 1997, p.21). That can be done in two dimensions, one being through
securities and the other being through time. In this study, both approaches are employed

for finding out the effects on the sectoral indices and the market in general.

For sectoral indices, the abnormal return observations need to be aggregated through

time. This concept called cumulative abnormal return is necessary to investigate multiple
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days in the event window. Following MacKinlay (1997), CAR for sectoral indices are as

follows:

t2
CARi(tl, tz) == Z ARi,t
t=t1 (5)

For the investigation regarding the market, observations from individual stocks need to
be first aggregated through securities. Therefore, the average abnormal return (AAR) is
calculated across stocks constituting the market index at time twithin the event window.
Since aggregating abnormal returns allows conclusions to be drawn about the overall
impact of earthquakes, providing a thorough understanding of the overall effects, this
approach is more informative than analyzing each event separately. This combined ap-
proach improves the capability to identify broader patterns and tendencies in market
behavior during seismic events. Following MacKinlay (1997) the AAR are defined as fol-

lows:

N
1
AARt = _Z ARi,t
N& (6)

Besides offering useful information about the immediate response of the market, aver-
age abnormal returns are also potentially relevant in evaluating the market's behavior in
the days that follow. This reassessment is where cumulative average abnormal returns
(CAAR) serve as a valuable benchmark, as an indicator of the resilience of the market
and its potential ability to recover from a natural catastrophe. By enabling an aggregated

metric of abnormal returns over a certain horizon, CAAR highlights the persistent effects
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of the market beyond the initial event window and its recovery path. Contributing to a
more complete picture of overall market dynamics and the capability to recover from

serious setbacks, such as natural disasters.

The cumulative average abnormal returns (CAARs) are obtained by aggregating the ab-
normal returns over the event window. CAARs are then tested for significance using t-
tests and the results are analyzed and interpreted to draw inferences about the impact
of the event on stock prices. Given that this methodology has been extensively employed
in prior studies, CAARs are considered to be a robust and reliable approach to analyze

the impact of events on stock prices in a cumulative manner.

Following MacKinlay (1997) CAAR is defined as follows:

t2

CAAR(t,,t,) = z AAR,
t (7)

5.1.4 Testing for statistical significance

The final step in this methodology, following the calculation of abnormal returns, com-
prises the consideration of the statistical significance of these abnormal returns. When
conducting event studies, researchers typically face two main concerns when selecting

the testing methodology.

One of the main concerns is the issue of non-normality. Utilizing daily returns in the study
poses the risk of non-normal distribution, thus suggesting the use of a testing method
that does not rely on normal distribution. However, MacKinlay (1997) suggests that as
the size of the estimation window increases, the sample approximates normal distribu-

tion, making a standard t-test sufficient. Additionally, Brown and Warner (1985)
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demonstrate that even when the sample deviates from normal distribution, t-tests can

still effectively determine statistical significance.

Another concern pertains to the assumption in event study methodology that abnormal
returns are uncorrelated cross-sectionally. Ahmet et al. (2022) highlight the significance
of this issue in their study, where the event date is same across all stocks in the sample.
Similarly, in this thesis, the event date is same across all stocks studied. Despite this con-
cern, Brown and Warner (1985) suggest that adjustment for cross-sectional dependence
is only necessary in specific cases. Additionally, their findings reveal that these tests are
only half as powerful as tests assuming independence. In alignment with this, upon ex-
amining the results of Ahmet et al. (2022), it is evident that standard tests effectively
determine statistical significance. Consequently, in this thesis, a standard t-test is em-

ployed.

For a two-tailed test, the statistical significance of the results is determined by deriving
t-values, which are then compared to critical values at the 10%, 5% and 1% significance
levels. Identifying statistical significance relies on if the calculated t-value surpasses the
critical values corresponding to the chosen significance levels. When the "t" value is
larger than these critical values, the findings are regarded as statistically significant, ver-
ifying that the observed abnormal returns are statistically significant or simply the result
of random fluctuations. With this particular statistical evaluation, a solid layer is applied

to the explanation of the findings of the event study.

The first two hypotheses to be tested are the ARs and CARs for sectoral indices. This test
shows if the results obtained in the event window deviates from zero statistically signif-

icantly. Therefore, these two hypotheses are as follows:

Hy=AR; =0
Hy = CAR;; = 0
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For testing these hypotheses, the approach outlined by MacKinlay (1997) is followed.
The result of the test demonstrates the robustness of the findings. Therefore, test statis-

tics for AR of the sectoral indices are as follows:

4 / Opri (8)

1
=5 ). AR
! (9)

where, o%agiis the variance of index or security i and L1 is the length of estimation period.

Test statistic of CAR for sectoral indices is as follows:

CAR;(ty,t3)
JO2CAR;(ty, t5) (10)

TScarytytz) =

0?CAR(ty, ) = (tz — t + 1) 0,
(11)

where; 62CAR; is the variance of index or security i between t1 and t2. After stating the
hypotheses for sectoral indices, AARs and CAARs of the market constituents in the event

window days is also checked. Therefore, the other two hypotheses are as follows:

HO = AARit =
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Hy, = CAAR;, = 0

The null hypothesis states that the average and cumulative abnormal returns are equal
to zero in the event window. To test these hypotheses, the approach proposed by
MacKinlay (1997) is followed in order to the test statistic for the AAR and the CAAR for

day "t”. It is as follows:

B \/O'ZAARt (12)

=i (13)

CAAR(t,,t,)
0-2 CAAR (tl, tz) (14)

TSCAAR(tl,tz) = \/

t2

G2CAAR(t,, t,) = Z o2AAR, (15)

t=t1

5.2 Data

The data employed in this paper consists of the daily closing prices of the constituents
of Borsa Istanbul 100 Index (BIST100). BIST100 consists of the 100 biggest companies in
the Turkish stock market by their market capitalization. Also, 27 other sectoral indices

provided by Borsa istanbul is included in the research for sectoral analysis.
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BIST stands as the exclusive exchange entity in Tirkiye, situated in Istanbul and listing
605 companies. It plays a pivotal role in the Turkish economy, serving as a platform for
companies to raise capital by issuing stocks, bonds, and various securities. Beyond facil-
itating capital for businesses, BIST also presents investment opportunities for both local
and international investors, making it a key player in fostering the growth and develop-

ment of Turkiye's financial markets.

Being the sole exchange entity in Tirkiye, BIST is of importance for running the nation's
financial markets. Additionally, BIST manages the Istanbul Stock Exchange National 100
(BIST100) index, the primary stock market index in Tiirkiye, further underscoring its sig-

nificance in the financial landscape.

In the scope of this research, the data collection focuses on the daily closing prices of
BIST100 constituents and 27 sectoral indices from 18™ August 2022 to 27" February,
2023. These indices serve as quantitative measures of the overall market performance
within a country, encapsulating the collective sentiments and expectations of investors
regarding future cash flows and discount rates. Also, for computing the abnormal returns,
a benchmark is needed and BIST100 is employed as the market benchmark. The ap-
proach of using a market benchmark index, such as BIST100, along with its constituent
stocks has been employed in previous literature (e.g., Ahmet et al., 2022). This method

aims to provide a more complete understanding of how seismic events influence the

0 +1 +2 +10
| Break |
< | | >
6" Feb. 7" Feb. 15" Feb. 27" Feb.

Figure 8. Time line of the event days
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broader financial landscape, offering insights into investor perceptions and reactions in

the aftermath of earthquakes.

To carry out this analysis, the daily stock prices of carefully selected indices have been
extracted from Thompson Reuters database using University of Vaasa’s access. After col-
lecting the data, 14 firms have been taken out of the sample since the daily stock price
or market value data were not available for the entire estimation period. Additionally,
two days after the event date, on 8th February 2023, the authorities decided to close
the market and void all trades made on that day. Consequently, the data for 8th February
and the subsequent days when the market was closed were removed from the sample,
as the prices did not differ from those observed on 7th February 2023. The day the mar-
kets reopened, 15th February, is designated as day +2 in this thesis as can be seen from
Figure 8. Now that the data is described, logarithmic daily percentage index returns are
calculated using the following formula for 27 sectoral indices and 86 firms comprising

the market index:

Ry = ln( D ) (16)

where Ri: is the return of the index 7 for a period ¢, Piis the price of the index 7at the
end of period tand Pz is the price of index 7 at the end of period . Table 1 presents

the descriptive statistics of logarithmic daily returns of selected indices.

Table 1. Descriptive statistics of logarithmic daily returns of selected indices

Mean Med. Max. Min. Std.D. Skew. Kurt. Obs
BIST100 0,41% 0,49% 9,42%  -9,01% 0,026 -0,430 2,708 131
BANKING 0,32% 0,01% 9,49% -10,39% 0,042 -0,079 0,357 131
BASIC MATERIALS 0,37% 0,30% 9,08% -8,01% 0,031 0,189 1,033 131
CHEMICALS 0,48% 0,83% 9,44% -10,01% 0,029 -0,312 1,170 131
CORPORATE GO- 0,38% 0,42% 9,29%  -9,00% 0,025 -0,368 2,694 131

VERNANCE
ELECTRICITY 0,42% 0,46% 8,32% -8,65% 0,027 -0,395 1,538 131
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Mean Med. Max. Min. Std.D. Skew. Kurt. Obs
FOOD & BEVE- 0,25% 0,56% 8,99% -8,42% 0,024 -0,561 2,674 131
RAGE
HOLDING & IN- 0,38% 0,56% 9,26% -9,07% 0,026 -0,389 2,305 131
VESTMENTS
INFO TECHNO- 0,23% 0,30% 8,19% -8,97% 0,024 -0,670 2,720 131
LOGY
INSURANCE 0,38% 0,21% 6,98% -9,14% 0,025 -0,488 1,912 131
INV. TRUSTS 0,24% 0,49% 8,63% -8,95% 0,024 -0,388 1,790 131
LEASING & FAC- 0,04% 0,14% 9,25% -10,34% 0,032 -0,290 0,537 131
TORING
METAL GOODS, 0,43% 0,63% 9,28%  -9,35% 0,024 -0,624 3,764 131
MACHINERY
MINING 0,70% 0,44% 9,52% -10,17% 0,038 -0,002 0,304 131
FINANCIALS 0,35% 0,28% 9,03% -8,81% 0,028 -0,343 1,566 131
INDUSTRIALS 0,44% 0,68% 9,23% -8,23% 0,024 -0,441 2,633 131
SERVICES 0,44% 0,55% 8,98% -9,28% 0,024 -0,563 3,616 131
TECHNOLOGY 0,43% 0,44% 8,88% -9,87% 0,029 -0,612 2,085 131
REAL ESTATE 0,30% 0,47% 8,08% -8,55% 0,026 -0,635 1,676 131
SPORTS 0,02% 0,30% 6,57% -10,38% 0,029 -0,615 1,517 131
SUSTAINABILITY 0,39% 0,46% 9,39% -8,95% 0,026 -0,283 2,498 131
TELE COMMS 0,44% 0,38% 9,52% -10,53% 0,038 -0,155 0,315 131
TEXTILE & LEAT- 0,40% 0,54% 8,24%  -8,40% 0,025 -0,625 2,361 131
HER
TOURISM 0,21% 0,49% 6,89% -8,64% 0,024 -0,572 1,480 131
TRANSPORATION 0,56% 0,27% 9,45% -9,72% 0,031 0,089 0,967 131
WHOLESALE & 0,30% 0,43% 9,38%  -8,49% 0,024 -0,119 2,534 131
RETAIL
WOOD, PAPER & 0,35% 0,63% 9,01% -9,62% 0,026 -0,722 2,132 131
PRINT
NON METAL PRO- 0,68% 0,67% 8,87% -7,94% 0,028 0,092 1,391 131

DUCTS
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6 Empirical results

The empirical results obtained through the methodology outlined in the preceding chap-
ter are presented and discussed in this chapter. Firstly, the findings from the market in-
dex constituents are presented and discussed to examine the overall market reaction to
the earthquake. Subsequently, the results for sectoral indices are presented and dis-
cussed to explore how different sectors responded to the earthquake. This structured
approach allows for an in-depth analysis of the impact of the earthquake on both the

broader market and specific sectors within it.

6.1 Reactions of market index constituents

Table 2 and Table 3 present the average abnormal returns and cumulative average ab-
normal returns observations from the event day to 10 days later. Additionally, t-test val-
ues are displayed in the right column to indicate statistical significance. Also, the actual
returns of market index are shown in Appendix C for comparison since abnormal returns
correspond to the difference between actual returns and normal returns estimated using

Equation 3. Moreover, Figure 9 is added to convey the actual daily returns of the market

BIST100 - Market Index

15,00%
10,00%
5,00%
0,00%
-5,00%

-10,00%
0 +1 +2 +3 +4 +5 +6 +7 +8 +9 +10

Figure 9. Actual daily returns of the market index in the event days
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index visually. These separate analyses offer insights into how the market reacted to the

earthquake on each day of the event window and cumulatively over different periods.

The findings from Table 2 suggest that the constituents of the market responded to the
earthquake slightly less negatively than the estimated normal return on the event day,
indicating a slight anticipation of less unfavorable conditions than expected. However,
this result does not exhibit statistical significance. Similarly, on the second day following
the earthquakes, there is a 0.24% negative average abnormal return, but again this result
lacks statistical significance. These results are consistent with previous literature as Brou-
nen and Derwall (2010) in the earthquake part of their study and Lamb (1998) for Hurri-

cane Hugo finds similar results on the event day and the following days.

Furthermore, after the second day of the earthquakes, a 5-day market break was ob-
served. Following this break, prices adjustments to new information revealed a statisti-
cally significant 0.75% positive abnormal return inconsistently with prior literature. Also,
day +2 is when high actual returns for the market index were observed as can be seen
from Figure 9. Therefore, it can be said that the constituents of the market index reacted
more positively than expected on this day of the event window. Other days within the
event window showing statistically significant abnormal returns include day +3, +5, +6,
+9, and +10, with the highest abnormal return observed 6 days after the event at 1.46%,

and the lowest being -2.04% 3 days after the earthquakes.

Indeed, the observed results do not exhibit consistency, with negative abnormal returns
following positive abnormal returns, pointing at potential undervaluations and overval-
uations occurring after each other. This pattern underscores the dynamic and complex
nature of market responses to seismic events, where market sentiment and valuation
assessments can fluctuate rapidly in response to evolving conditions. Moreover, it is es-
sential to acknowledge that the event window corresponds to a period marked by search

and rescue efforts, during which new information may emerge and influence market
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sentiment. The emergence of such information could contribute to the observed fluctu-

ations in abnormal returns during this timeframe.

Table 2. Average abnormal returns for the constituents of the market index

The table demonstrates average abnormal returns (AAR) calculated for each day of the event

window. Statistical significance levels are shown at 10% by *, 5% by ** and 1% by ***.

t AAR t-value
0 0,52% 1,45

+1 -0,24% -0,68
+2 0,75% 2,10
+3 -2,04% -5,717"
+4 -0,09% -0,26
+5 1,12% 3,13
+6 1,46% 4,10
+7 -0,28% -0,77
+8 0,32% 0,90
+9 0,75% 2,117

+10 -0,73% -2,04™

Additionally, the differing reactions among stocks comprising the market index further
contribute to the fluctuating market response following the earthquake. Previous litera-
ture has demonstrated that while investors may perceive disaster times as unfavorable
for some stocks, they may also view them as favorable for others in terms of abnormal
returns (e.g., Shelor et al., 1992; Valizadeh et al., 2017). These differing reactions among
individual stocks can amplify the overall volatility and unpredictability of the market in
the aftermath of the event. Consequently, the fluctuating market response observed in
the aftermath of the earthquake can be attributed to a combination of factors, including
varying perceptions of valuation, the emergence of new information during the event

window, and the differing reactions among stocks within the market index.
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These results, when perceived completely, do not show consistency with most of the
prior literature. Nevertheless, there are some studies showing partial consistency. For
instance, Yamori and Kobayashi (2002) finds inconsistent abnormal returns after the
earthquake for the low exposure portfolio in their analysis. However, it is important to
note that their study specifically focuses on insurance firms, which may not be directly
comparable to broader market reactions. Insurance firms may exhibit unique character-
istics and responses to natural disasters due to their exposure to risk and liability man-

agement strategies, which could differ from the broader market dynamics.

For assessing the overall effect within the event window, cumulative average abnormal
returns (CAAR) are computed. Upon examining the results from Table 3, a different pic-
ture emerges. Initially, the 2-day CAAR displays a positive abnormal return of 0.28%,
however lacking statistical significance. This suggests a slightly less downward move-
ment in the market following the earthquake than expected using Equation 3, however

it does not reach levels of statistical significance.

Conversely, the 3-day CAAR reveals a positive abnormal return of 1.03%, not so signifi-
cantly at the 10% level meaning that the abnormal part of the reaction on the event day
and following 2 days were positive when combined. This observation underscores the
volatility and uncertainty surrounding market dynamics in the immediate aftermath of
seismic events. Subsequently, when AAR of the 4th day following the earthquakes, which
is the lowest AAR observed at -2.04% is aggregated into the cumulative average, the
resulting CAAR stands at -1.10%, yet it fails to achieve statistical significance. This trend
persists throughout the event window, with fluctuations in abnormal returns reflecting

the market's reaction to evolving conditions.

Notably, the 10-day CAAR depicts a positive abnormal return of 2.27%, which is statisti-
cally significant at the 5% level. This result indicates that combined abnormal return for
market constituents on the event day and following nine days deviated positively from

estimated normal return. Finally, there are only two CAAR in the event windows showing
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statistical significance. One being the 3-day and the other being the 10-day CAAR. All the
other observations fail to demonstrate statistical significance. The lowest cumulative av-
erage abnormal return observed in the event window is negative 1.10% from 5-day CAAR.
On the other hand, the highest cumulative average abnormal return is observed from

10-day CAAR.

Table 3. Cumulative average abnormal returns for the constituents of the market index

The table demonstrates cumulative average abnormal returns (CAAR) calculated for each day of

the event window. Statistical significance levels are shown at 10% by *, 5% by ** and 1% by ***.

i, CAAR t-value
(0,1) 0,28% 0,55
(0,2) 1,03% 1,66*
(0,3) -1,01% -1,42
(0,4) -1,10% 1,38
(0,9) 0,01% 0,01
(0,6) 1,48% 1,56
(0,7) 1,20% 1,19
(0,8) 1,52% 1,42
(0,9) 2,27% 2,02%*

(0,10) 1,55% 1,31

A possible explanation for the observed behavior of the market lies in the calculation of
the cumulative average abnormal returns. These metrics are essentially the sum of ab-
normal returns over a specified period. Upon closer examination of Table 2, it becomes
evident that negative AARs are followed by positive AARs, and vice versa, during the

event window.

These alternating patterns of positive and negative AARs effectively cancel each other
out when aggregated into the CAAR, thereby mitigating the overall impact on the cumu-

lative average abnormal return. Consequently, despite fluctuations in individual daily
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returns, the net effect on the cumulative average abnormal return may appear less pro-

nounced due to the offsetting nature of positive and negative abnormal returns.

These results are consistent with prior literature (e.g., Shelor et al., 1990; Worthington,
2008; Brounen & Derwall, 2010). For instance, Brounen and Derwall (2010) finds no sta-
tistically significant CAR in the event window for earthquakes. Also, they underscore that
even if earthquakes are similar to terrorist attacks in sense that they both occur unan-
nounced, cause high number of casualties and receive considerable media attention, the

abnormal effects of earthquakes on the stock markets are marginal.

In conclusion, this chapter of the study finds that the AAR after the market break does
show statistical significance, therefore hypothesis one is to be rejected. However, the
CAAR of the stocks investigated does not demonstrate statistically significant positive or

negative abnormal returns. Therefore, hypothesis two is not to be rejected.

6.2 Reactions of sectoral indices

Even though the constituents of the market index show differing results, it is still neces-
sary to investigate the sector specific effects of the earthquake to further analyze the
reaction to this disaster. Therefore, Appendix A and Appendix B showing the abnormal
returns and cumulative abnormal return calculated for different indices of Turkish stock
market are presented. Also, a table showing the actual daily returns of these indices are

presented in Appendix C.

Initially, the banking sector shows an insignificant negative abnormal reaction to the
earthquake on the event day. It can be seen that the only statistically significant result is
shown on the day after the earthquake at 10% level. Also, CAR results support these
findings as there are no significant abnormal reactions in the event window. Therefore,
the banking sector seems to be resilient against the abnormal effects of the earthquake
meaning that it does not deviate from normal return estimations statistically significantly.

These results do not show consistency with Valizadeh et al. (2017) and Worthington and
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Valadkhani (2005) as they find statistically significant negative abnormal results up to 16-
day CAR and that financial services show sensitivity to the natural disasters, respectively.
However, these results could be due to differences in banking regulation and prepared-

ness.

The basic materials sector show a positive and statistically significant abnormal response
to the earthquake on the event day. This trend continues until the last day in the event
window. Also, CAR of the basic materials show that these results persist when aggre-
gated as 11-day CAR show statistically significant 11,67% positive abnormal return. Re-
garding the actual returns, it can be seen from Figure 10 that this index showed actual
positive daily returns in most of the days in the event window including the event day.
Therefore, these results, inconsistently with Valizadeh et al. (2017), show that the mar-

ket found the conditions favorable for the basic resources sector.

Another sector that seems to be actively following the normal return estimations after
the earthquake is chemicals as it shows only one statistically significant abnormal return
on 3 days after the event at 4,17%. However, when looking at the CAR, it can be seen
that the cumulative abnormal response following the earthquake is significantly negative.
Nevertheless, that is only valid for a 2-day CAR since the market adjusts to the infor-
mation after that and shows no other statistically significant CAR. This result also does
not show consistency with Valizadeh et al. (2017) since they show that Japanese chemi-
cals sector reacts to the earthquake significantly and negative in terms of abnormal re-

turns.

Furthermore, corporate index, which is composed of companies with high levels of cor-
porate governance compliance, reacts indifferently than estimated to the earthquake as
it demonstrates mostly statistically insignificant abnormal returns in the event window.
The only exception is 3 days after the earthquake with 0,89% positive abnormal return
significant at 10% level. This trend also follows when the abnormal returns are aggre-

gated.
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The electricity sector on the other hand shows a negative but insignificant abnormal re-
action to the earthquake on the event day. Similarly to other sectors, the first significant
response is on the 4" day of the earthquake as it shows -5,12% abnormal return. Even
though this response also shows persistency in CAR, the sector index stops demonstrat-

ing statistically significant abnormal returns in the second half of the event window.

The food and beverages sector shows an insignificant but positive abnormal response to
the earthquake on the event day, however this trend reverses in 3 days showing statisti-
cally significant -6,46% abnormal return. The same trend is also present in the results of
CAR, however similarly to the electricity sector, these abnormal returns becomes insig-

nificant in the second half of the event window.

The holdings and investments index seems also to be resilient to the abnormal effects of
the earthquake as it shows its only statistically significant reaction 3 days after the earth-
quake. Also, CAR of the holdings and investment index shows no statistically significant

abnormal return on none of the CAR computed for the event window.

The information technology sector responds to the earthquake with a -0,71% insignifi-
cant abnormal return indicating a negative but insignificant deviation from estimated
normal return. However, on the following day, the index shows a statistically significant
-3,10% abnormal return. The same characteristic emerges on 3 days after the event as it
shows -6,42% abnormal return. Furthermore, CAR results of this index shows that the
information technology sector is negatively affected by the earthquake in terms of ab-
normal returns, however these findings does not last in the second half of the event

window. Unlike others, these results show consistency with Valizadeh et al. (2017).

The insurance sector is affected negatively by the earthquake on the event day as it
shows -3,15% abnormal return significantly at 10% level, meaning that the actual re-

sponse was more negative than normal return expectations. Even though these negative
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abnormal reactions continue every day in the event window, they do not cause statistical
significance until the last day in the event window where -3,36% AR is seen significantly
at 10%. However, when the results are aggregated, a different picture emerges as the
insurance sector shows negative and significant CAR on all the days in the event window.
For instance, 11-day CAR shows -13,61% abnormal return significantly at 5% level. These
results show consistency with Yamori and Kobayashi (2002) and Valizadeh et al. (2017)
as both papers find that the insurance sector is negatively affected by the earthquakes.
However, these findings do not align with Shelor et al. (1992) as they find that the insur-
ance stock prices rose after 1989 San Francisco earthquake. Regarding these varying re-
sults, Yamori and Kobayashi (2002) underscore the importance of the differences be-

tween the perception of investors, markets and regulations.

Another efficiently priced index seems to be investments and trusts as it shows only two
statistically significant and negative abnormal responses to the earthquake on the days
following the earthquake. However, when the results are aggregated, negativity of this
response deepens as the 2-day CAR shows -6,20% significant at 1% level. These results

only last until 5-day CARs and then loses statistical significance.

Leasing and factoring sectors reacts to the earthquake negatively on the event day in
terms of both actual returns and abnormal returns. However, this result does not show
statistical significance for abnormal results. Furthermore, similar to the other sectors,
the first statistically significant abnormal return comes after 3 days with -6,43%. No other
day in the event window shows significant results. Looking at cumulative results, 2-day,
4-day and 5-day CARs shows significant results. The direction of the trend is negative at
-5,84 significant at 10% level initially, however when the abnormal returns after the mar-
ket break are added, 4-day and 5-day CARs show -10,38 and -11,24% respectively at 5%
level, indicating that this sector is more negatively affected by the earthquake than esti-

mated.
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When it comes to the metal goods sector, the results show that the abnormal effect of
the earthquake is short-living and limited. This sector shows abnormal responses to the
disaster the day after the earthquake and the market break. These results show -2,47%
AR significant at 5% level, however after the market break the trend takes a different
turn and demonstrates a positive 1,86% abnormal return at 10% level. When the results
are aggregated, there seems to be no significant finding. While CAR decreases to -2,78
insignificantly at 5-day results, 11-day CAR shows 0,18% abnormal return insignificantly.
Therefore, it can be said that the metal goods index is affected by the earthquake minorly

and insignificantly in terms of abnormal returns.

Similarly to the metal goods sector, mining also seems to be resilient against the abnor-
mal effects of the earthquake. The index responded to the earthquake on the event day
negatively with -1,24% abnormal return, however this result does not demonstrate sta-
tistical significance. In line with most of the sectors analyzed, the sharpest decline in
abnormal returns happens 3 days after the earthquake with -5,00% significant at 10%
level. Furthermore, the sector does not show any other significant result until the last
day of the event window when -6,41% abnormal return significantly at 5% level is ob-
served. When the results are aggregated through time, the same trend follows as there
are no significant CAR in the event window. However, 11-day CAR shows -12,28% cumu-
lative abnormal return insignificantly. It is infrequent to see this high abnormal return to
be insignificant, however this can be explained by the volatility of the mining index.
Higher volatilities causes higher standard deviations, therefore the indices that fluctuate
more often and more sharply need to show bolder effects to be taken statistically signif-
icant. Furthermore, 11-day CAR is divided by 11-day standard deviation, therefore it is

possible to see high but insignificant results.

The financials index shows a slightly more negative response than estimated normal re-
turn to the earthquake on the event day with -0,25% abnormal return that is statistically
insignificant. The one and only significant daily abnormal return is observed 3 days later

with -1,54% at 10% level. In the following days, a positive trend follows, however, none
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of these returns demonstrate statistical significance. When considered cumulatively,
there are no statistically significant CAR computed for any of the days in the event win-
dow as for the lowest point is seen as -2,57 in 5-day CAR insignificantly. Furthermore,
11-day CAR shows a positive abnormal result with 0,54% which is also insignificant.
These results do not show consistency with Valizadeh et al. (2017) and Worthington and
Valadkhani (2005) as they find that financials show sensitivity to the earthquake. This
can be explained by the macroprudential differences and financial health of the coun-
tries. Due to differences in regulations and ownership structures, these institutions may

be affected by disastrous events in different manners.

The industrials sector reacts to the earthquake indifferently than estimated normal re-
turn with a minor negative abnormal return on the event day. While this trend follows
on the second day of the event, it takes a different turn after the market break and be-
comes positive. Similarly to other sectors, industrials also show its first statistically sig-
nificant abnormal response 3 days after the event with a positive 1,75% abnormal return
significant at 5% level. This positive abnormal response continues with 1,85% abnormal
return at 1% level, however reverses after -2,21% abnormal return significantly at 1%
level. After this last negative abnormal response, no other statistically significant trend
can be seen. When considered aggregated, the first statistically significant abnormal re-
sponse is seen at 5-day CAR with 3,25% cumulative abnormal return. The last significant
abnormal response is observed with 10-day CAR at 4,45% at 5% level. These results show
that the response of the industrials index positively deviates from estimated normal re-

turns and do not show consistency with Valizadeh et al. (2017).

The services sector responds to the earthquakes with -0,18% abnormal return but insig-
nificantly on the event day. However, on the following day, -1,79% AR is observed signif-
icant at 5% level. Even though the sector does not show statistical significance on the
market reopening day, -3,42% AR significantly at 1% level is seen on the following day.
When considered cumulatively, the results show that the sector demonstrated signifi-

cant abnormal returns for nearly all the days in the event window. While 7-day CAR,
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which is the lowest CAR observed in the event window, shows -7,40% abnormal return
significant at 1% level, 11-day CAR show -5,59% result at 5% level. These results show
consistency with Valizadeh et al. (2017) since they also observe a 16-day negative and

significant CAR in the utilities sector.

When it comes to the technology sector, it can be seen that the index reacted to the
event in a fluctuating nature in terms of abnormal returns, however the first statistically
significant AR is observed 3 days later than the earthquake with -4,85% abnormal return
at 1% significance level. Other days in the event windows do not show statistical signifi-
cance for ARs. When aggregated, the abnormal reaction follows a downward trend,
showing statistical significance at 5-day CAR with -6,46% return. The negativity peaks at
6-day CAR with -8,65% significantly at 5% level and continues until the last day of the
event window insignificantly. These results align with prior literature (e.g., Valizadeh et
al., 2017) as it is common to observe that the technology sector is affected more nega-

tively than estimated by earthquakes.

The real estate sector on the other hand, responds to the earthquakes more negatively
than estimated normal return but insignificantly on the event day. Similarly to other sec-
tors, real estate also shows its first significant result 3 days after the event day with -3,68%
abnormal return at 1% level. However, these results fluctuate in the second half of the
event window showing statistically significant positive abnormal returns from time to
time. When aggregated, there seems to be only two statistically significant results from
4-day and 5-day CARs with -5,03% and -5,57% respectively, not so significantly at 10%
level. These results indicate that the index reacted to the event more negatively than
expected initially, however this abnormal response does not last for long. These findings
partially align with Shelor et al. (1990) and Valizadeh et al. (2017). When assessing the
impacts of earthquakes, risk factors regarding the location of the real estate firms carries
significance, for instance Shelor et al. (1990) show that while firms in the earthquake
area is affected more by the 1989 California earthquake, those unexposed are minorly

affected in terms of abnormal returns.
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The sports sector shows a more negative reaction than expected to the earthquake on
the event day with -1,25% AR but insignificantly. This reaction follows the same trend
one day and 3 days later showing statistically significant -7,32% and -5,21% abnormal
returns, respectively. These negative results also persist when the results are cumulated
as 2-day, 4-day, 5-day and 6-day CARs shows statistical significance. The most negative
results are found 4-day CAR with -12,64% significant at 5% level. These results can be
explained by unclarity about the future of the football league as it was postponed to an

unknown date after the earthquake.

Another index that seems to be efficiently priced after the earthquake is sustainability
as it shows minor abnormal response to the earthquake both on the day of the event
and also on the other days in the event window. The same trend also follows when the
abnormal returns are accumulated over time. The index responds to the earthquake with
a positive abnormal reaction initially with 0,81% CAR, however this response reverses as
11-day CAR shows -0,77% return. Furthermore, none of these results show statistical
significance. These results show consistency with Malik et al. (2023) as they also show
that companies with higher CSR compliance demonstrate higher resiliency compared to
non-CSR companies during natural disasters. Malik et al. (2023) underscore the im-

portance of how being environmentally responsible could contribute to financial stability.

The telecommunication sector responds to the earthquake insignificantly but positively
on the day of the event in terms of abnormal returns. Similar to other sectors, the first
significant abnormal response is shown on 3 days after the event, as it demonstrates -
4,96% AR at 5% level. The same trend follows for two more days statistically significantly.
When aggregated, the negativity in the abnormal response becomes more observable.
Starting from 5-day CAR, the sector shows increasingly negative and statistically signifi-
cant abnormal responses until the last day of the event window as 11-day CAR shows -
20,88% significant at 5% level. This behavior of the market can be explained by the loss

of trust to GSM operators in the country during the earthquake. One of the biggest
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newspapers in Turkiye, Habertlirk (2023) describes the situation as a big failure as 2.451

cell towers deactivated, and communication was disrupted when it was most needed.

The textile sector demonstrates negative but insignificant abnormal reactions to the
earthquakes in the initial days of the event. However, the results start to gain statistical
significance after the market break as -3,14% and 3,75% abnormal returns seen at 5%
level. When aggregated, the only significant abnormal response is seen at 5-day CAR
with -6,03%. However, this result show low levels of significance at 10% level. Therefore,
it can be said that the textile sector is minorly affected by the earthquake in terms of
abnormal returns. This could be explained by the geographical location of textile com-
panies in Turkiye. Most of these companies are located around Bursa which is a city in
the west and far from the affected area, therefore geographical exposure is low. Lamb
(1998) indicates that the geographical risk determined by the location of the firms could

decrease their exposure to disasters and lighten the impacts of the new information.

The tourism sector shows generally negative abnormal returns; however, the only statis-
tically significant one comes 3 days after the event with -5,16% significant at 1% level.
When the results are aggregated, the trend becomes less prominent as only 3-day and
4-day CAR show statistical significance at 10 % level. This result does not show con-
sistency with Valizadeh et al. (2017); however, this also can be explained by the geo-
graphical location of the tourism center of the country which is located far from the

earthquake area.

The transportation sector reacts more negatively than estimated normal return with -
1,07% abnormal return to the earthquakes on the event day. This negative trend follows
on most of the days in the event window while none of them demonstrate statistical
significance. When the results are aggregated, the findings still persist. While 7-day CAR
reaches as low as -9,31% at 10% level, this stands out as the only statistically significant

findings in the event window. Therefore, it can be said that the transportation sector
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reacts to the earthquake indifferently than estimated both on the day of the event and

the following days in terms of abnormal returns.

Similarly to the transportation sector, wholesale and retail seems to be resilient against
the abnormal effects of the earthquakes as it demonstrates only one statistically signifi-
cant abnormal return in the event window. This result is seen on the market reopening
day with 2,50% AR significant at 10% level. This trend can also be observed when the
results are aggregated as there are no statistically cumulative abnormal return found for
this sector. Therefore, it can be said that investors did not find the conditions more un-
favorable than estimated for the wholesale and retail sectors. These results may be ex-
plained by the expansive size of the sector in Tlrkiye as Ahmed et al. (2022) show that

large firms are less negatively affected by geopolitical crises.

The wood and paper sector on the other hand, react more negatively than expected but
insignificantly with -1,93% abnormal return on the event day. This is followed by a sta-
tistically significant -3,42% abnormal return at 5% level. Furthermore, the lowest return
is observed 3 days after the event with -5,43% significantly at 1% level. A similar trend
follows when the results are cumulated as 2-day, 4-day, 5-day and 6-day CARs are show-
ing statistical significance. The lowest CAR is seen in the 5-day CAR with -8,44% signifi-
cant at 5% level. Therefore, it can be said that the wood and paper sector is more nega-
tively and significantly affected than estimated by the earthquake on the event day and

following days.

Finally, the non-metal products sector responds to the earthquake highly positively on
the event day and in the following days both in terms of abnormal returns and actual
returns. The index demonstrates 8,30% abnormal return on the event day significant at
1% level and this trend follows for nearly all the days in the event window. When the
results are aggregated, these findings persist as all the CARs computed for the days of

event window show high statistical significance. For instance, 11-day CAR demonstrates
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39,75% abnormal return significant at 1% level. Therefore, it can be said that the market

considers the conditions highly favorable for the non-metal products sector.
Actual daily returns of selected sectoral indices versus market index
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Figure 10. Actual daily returns of selected sectoral indices versus market index

In conclusion, while most of the market responds to the earthquake more negatively
than expected by the normal return estimations, there are still some sectors that are
affected positively such as basic materials and non-material products. This behavior can
also be seen by analyzing the actual returns presented in Figure 10. Therefore hypothesis
3 and 4 is not to be rejected. Furthermore, especially non-material products sector re-
sponds to the earthquake highly positively. This behavior can be attributed to the inves-
tors’ interpretation of the conditions as it can be seen from the media that especially
cement, iron and steel shares rose dramatically after the earthquake (DailySabah, 2023).
The fact that the shares of firms producing the materials used for building new houses
further supports the idea that investors expected a rise in the construction of new

houses and bought the opportunity.



69

7 Conclusion

The threat of earthquakes worldwide has heightened concerns about their impact on
our daily lives. With the growth of urban centers and population density, the potential
damage from such disasters have become increasingly severe. Consequently, starting
from the 1989 California earthquake, research studying the effects of earthquakes on
economies and stock markets have gained attention. Therefore, this thesis aims to inves-
tigate the effects of the 2023 earthquakes in Tirkiye on the Turkish stock market both at

a general level and within specific sectors.

Existing literature presents differing perspectives on the impact of earthquakes. While
some argue for negative abnormal effects, others suggest that earthquakes have no sig-
nificant abnormal impact on capital markets. Additionally, there are studies proposing

potential positive abnormal impacts on various sectors (e.g., Shelor et al., 1992).

The methodology in this thesis involves estimating normal returns through an expected
return model and then calculating the difference between actual returns and normal
returns. The market model is employed as the expected return model, with an estima-
tion window of 120 days and an event window of 10 trading days chosen for analysis.
Significance testing is conducted using a standard t-test. While there are concerns re-
garding the use of a standard test with non-normally distributed or cross-sectionally de-
pendent samples, previous literature supports the adequacy of a standard t-test even

when these issues are present.

Building on this research landscape, this thesis analyzes the abnormal impact of the
earthquake on stocks comprising the market index on the event day and throughout the
event period. On a daily basis, the earthquake's effect fluctuated, exhibiting both nega-
tive and positive abnormal trends. However, when examined collectively, this effect di-
minished, revealing a relatively minor abnormal impact. Several factors account for this

difference, including the emergence of new information in the days following the
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earthquake, instances of overvaluation and undervaluation, and the disproportionate

influence of positively affected stocks on average.

On the other hand, the analysis of sectoral indices paints a different picture. While many
sectors experienced negative abnormal effects from the earthquake, some, notably
those in basic materials and non-metal products, saw significant positive abnormal im-
pacts. These sectors exhibited statistically significant and highly positive reactions to the

earthquake for nearly all the days in the event window.

While several sectors initially more negatively impacted than estimated by the earth-
qguake, such as chemicals, electricity, food and beverage, information technologies, in-
vestments and trusts, leasing and factoring, services, technology, sports, textiles, and
wood & paper, they also appeared to mitigate this impact in the second half of the event
window. However, sectors like insurance were unable to offset the negative effects and
showed consistent negative and statistically significant abnormal returns throughout the

event window.

A different finding was the lagged abnormal reaction on the day of the earthquake,
which transformed into a statistically significant negative abnormal impact on nearly all
stocks on the day after the market reopened. This delayed investor reaction suggests a

response to new information that emerged during the market closure.

Interpreting the efficiency of the market based on these results proves challenging due
to the variability in outcomes. According to the assumptions of efficient markets, sec-
toral indices and stocks should not exhibit statistically significant abnormal return op-
portunities. While this holds true when considering cumulative effects, daily reactions
paint a different picture. Consequently, it can be argued that the constituents of the

market index do not offer a clear indication of market efficiency.
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Furthermore, upon analyzing sectoral indices, it becomes evident that certain sectors,
such as electricity and services, align with market efficiency as they only present abnor-
mal return opportunities for a brief period within the event window. However, other
sectors, such as basic materials and non-metal products, demonstrate that abnormal

gains were achievable both cumulatively and individually throughout the event window.

If this behavior of sectoral indices is interpreted as investor irrationality, it could serve as
evidence supporting the arguments put by Shleifer (2000). As stated earlier, Shleifer
(2000) suggests that despite EMH assuming that investor irrationality would cancel each
other in the aggregate, investors might be irrational in the same direction, thereby cre-
ating these opportunities. This interpretation could also challenge the effectiveness of
arbitrageurs as corrective mechanisms, given that prices failed to adjust to new infor-

mation within the 11-day event window, potentially indicating market inefficiency.

In conclusion, while daily fluctuations in stock prices following the earthquakes displayed
a mixed pattern of positive and negative trends, the cumulative abnormal impact over
the event window appeared to be relatively small. This nuanced response underscores
the complexity of market reactions to external shocks and highlights the importance of
considering both short-term fluctuations and long-term trends in assessing market resil-
ience. Furthermore, the sectoral analysis showed varying impacts across different sec-
tors, with some sectors experiencing significant positive effects while others struggled
to mitigate the negative impact. These findings emphasize the need for sector-specific
analyses to capture the heterogeneous nature of market responses to seismic events.
Overall, this study contributes to a deeper understanding of the interplay between the
earthquakes and financial markets, providing valuable insights for investors, policymak-

ers, and researchers alike.

The implications of this study extend beyond literature to policymakers and authorities
tasked with disaster preparedness and risk mitigation. The findings offer valuable in-

sights that can inform new policy responses to natural disasters, particularly earthquakes,
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which pose a significant threat to Turkiye. While predicting the exact timing of earth-
quakes remains impossible, earthquake risk data provides important indicators of poten-
tial seismic activity and approximate magnitudes. Employing these insights, policymak-
ers can identify the sectors most vulnerable to earthquakes, enabling targeted measures

to reduce risk exposure.

One potential strategy involves motivating production facilities in high-risk sectors to re-
locate to less vulnerable areas within the country. This relocation could mitigate the eco-
nomic impact of earthquakes on key industries and contribute to overall resilience. Ad-
ditionally, regulatory measures within the stock market can be extended based on the
research findings. Understanding the market's reaction during and after seismic events
can inform policy decisions aimed at stabilizing financial markets and safeguarding in-

vestor interests.

Moreover, there is a need for initiatives to enhance financial literacy and educate inves-
tors, particularly newcomers to the market. By growing a better understanding of market
dynamics and risk management strategies, authorities can encourage investors to make
informed decisions and navigate volatile market conditions more effectively. Also, the
insights derived from this thesis hold relevance for investors seeking to manage risk ex-
posure within their portfolios. Reaching a deeper understanding of how the market re-
acts to seismic events, investors can make more informed decisions during times of dis-
asters. By employing these findings, investors can better anticipate market movements
and adjust their investment strategies, thus reducing the potential of both under and

overvaluations.

Furthermore, increased investor awareness and understanding of market dynamics dur-
ing periods of crisis can contribute to market efficiency by minimizing the impact of
panic-driven selling or irrational decision-making. When investors are equipped with suf-

ficient knowledge about the potential reactions of the market to disasters, they are
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better positioned to make rational investment decisions that align with their long-term

financial goals.

Ultimately, by incorporating the findings of this thesis into their investment and policy
strategies, investors and authorities can enhance their ability to navigate turbulent mar-
ket conditions and mitigate the impact of unforeseen events. This underscores the im-
portance of ongoing research and analysis in providing valuable insights that empower
investors and authorities to make informed decisions and manage risk effectively in dy-

namic market environments.

Expanding the scope of research on the effects of disasters, particularly earthquakes, on
financial markets is needed for making reliable decisions and drawing robust conclusions.
While this study provides valuable insights, further investigation is required to enhance

the understanding of this complex relationship.

One avenue for future research could involve modifying the dataset and methodology
to explore alternative scenarios and test the robustness of the findings. This could in-
clude employing a longer estimation period or extending the event window to conduct
a more comprehensive long-term analysis. Additionally, classifying stock data based on
factors such as geographical location or market capitalization could shed light on how

different variables influence the impact of earthquakes on financial markets.

In the context of Turkiye, further analysis could focus on different earthquakes and their
varying impacts on investor behavior and market dynamics. Moreover, expanding the
research to include other natural disasters and analyzing their effects on neighboring
countries could provide insights into the international impacts of such events. Compar-
ing the responses of developing markets to similar disasters could also offer valuable

insights into the role of market development in shaping these impacts.
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Also, while analyzing the sectoral impacts, since there is only one observation per day
due to direct employment of the sectoral indices, there could be a potential of unrelia-
bility in the results even though this approach is employed in the previous literature
which was described as a short-coming of this study. Therefore, the sample can be ex-
panded and the stocks constituting the indices can be employed for better analysis of

the sectoral impacts.

Methodologically, future studies could explore the use of alternative models such as
CAPM, APT, market-adjusted return, or mean-return models to compare results and as-
sess the robustness of findings. Additionally, incorporating non-parametric tests and
cross-sectional dependence adjusted tests alongside parametric tests could enhance the

reliability and validity of the results.

Lastly, conducting further regression analysis using additional variables such as casualty
and injury figures, earthquake magnitude, population density in affected areas, and total
damage assessments could provide deeper insights into the factors influencing abnormal
returns in the aftermath of earthquakes. By incorporating these variables into the anal-
ysis, researchers can better understand the underlying mechanisms driving abnormal

reactions to seismic events.

In conclusion, advancing research on the effects of earthquakes and other disasters on
financial markets is crucial for informing decision-making and enhancing risk manage-
ment strategies. By addressing these avenues for further investigation, future studies
can contribute to a deeper understanding of the effects of natural disasters and specifi-
cally earthquakes on financial markets, ultimately facilitating more informed decision-

making in times of crisis.
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Appendices

Appendix A. Abnormal returns for sectoral indices

The table demonstrates abnormal returns (AR) calculated for each day of the event window for

sectoral indices. Statistical significance levels are shown at 10% by *, 5% by ** and 1% by ***,
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Appendix B. Cumulative abnormal returns for sectoral indices

The table demonstrates cumulative abnormal returns (CAR) calculated for each day of the event

window for sectoral indices. Statistical significance levels are shown at 10% by *, 5% by ** and

1% by ***,
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Appendix C. Actual daily returns of the market index and sectoral indices

The table demonstrates actual daily returns calculated for each day of the event window for

market index and sectoral indices.
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