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Abstract

The relationship between finance and economy is a long-standing debate in
the development literature. While some researchers argue that finance simply
follows economic development, others argue that finance is a critical
determinant of economic growth. Research findings on this issue vary across
countries, periods, data sets, and research methodologies. On the other hand,
the relationship between economic growth and financial inclusion is a
relatively new area of study in the academic literature. The primary goal of
financial inclusion is to ensure that everyone can access and use financial
products at an affordable cost. In this context, access to and use of financial
products is seen in the context of financial citizenship. This paper examines
the impact of digital banking and financial inclusion on economic growth and
household consumption in Turkey. For this purpose, financial inclusion and
digital banking indices have been constructed. Furthermore, the relationship
of these indices with the GDP index and household consumption index is
examined using the three-stage least square (3SLS) method with two separate
equations. The results show that digital banking and financial inclusion have a
positive impact on economic growth and household consumption in Turkey.

Oz

Finans ve ekonomi iliskisi kalkinma literatiirinde uzun zamandan beri
tartigma konusu olmustur. Kimi arastirmacilar finansin basitge ekonomik
geligsmeyi takip ettigini ifade ederken, kimileri finansin ekonomik biiylimenin
en Onemli belirleyicilerinden birisi oldugunu ifade etmigslerdir. Yapilan
arastirmalarin  sonuglari, iilkeden iilkeye, arastirma donemine, kullanilan
verilerin igerigine ve arastirma yonteme gore farkhilik gostermektedir. Ote
yandan, ekonomik biiyiime ve finansal kapsayicilik iligkisi literatiirde ¢ok
uzak gecmise sahip olmayan bir inceleme alanidir. Finansal kapsayicilik
konusunun onceligi, yetigkin her bireyin finansal kuruluglara ve finansal
iiriinlere erigsebilmesi ve bunlart uygun bir maliyetle kullanabilmesidir. Bu
gergevede, finansal iirlinlere erigim finansal vatandaslik kavrami ¢ergevesinde
ele alinmaktadir. Bu calisma, dijital bankacilik ve finansal kapsayiciligin
ekonomik biiylime ve hane halki tiiketimi iizerindeki etkisini Tirkiye 6rnegi
acisindan incelenmistir. Bu amagla oncelikle dijital bankacilik ve finansal
kapsayicilik endeksleri olusturulmus ve bu endeksler ile GSYIH Endeksi ve
Yerlesik Hane Halki Tiiketim Endeksi arasindaki iligki {i¢ asamal1 en kiigiik
kareler (3SLS) yontemi ve iki farkli denklem seti ile analiz edilmistir.
Sonuglar, dijital bankaciligin ve finansal kapsayiciligin, ekonomik biiyiime ve
hane halki tiiketimi {izerinde pozitif etkisi oldugunu ortaya koymaktadir.
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I. Ekmen & Y. Karatepe, “Examining the Nexus of Financial Inclusion, Household Consumption, and
Economic Growth: A 3SLS Approach”

1. Introduction

The relationship between finance and the economy is a long-standing debate in the
development literature. Some researchers argue that finance is the handmaiden of the economy
and merely follows economic development, while others argue that finance is a crucial
determinant of economic growth. Studies examining the link between finance and the economy
vary by country, period, data content, and methodology. Consequently, there is no consensus on
the relationship between finance and economic growth within this framework. On the other
hand, the relationship between economic growth and financial inclusion is a relatively new area
of study in the economic development literature. The fundamental concept of financial inclusion
is to ensure that every adult has convenient access to financial products at a reasonable cost.

This research paper examines the relationship between digital banking, financial
inclusion, economic growth, and household consumption in Turkey. To this aim, the study
develops digital banking and financial inclusion indices. Then, it analyzes their relations with
GDP and household consumption indices using the method proposed in the literature. Principal
component analysis (PCA) is used to determine the optimal vector combination of different
indicators of the indices. The index series is constructed from quarterly data from December
2006 to December 2020. The study uses two sets of equations and three-stage least squares
(3SLS) to analyze the impact of the indices on economic growth and household consumption.

A digital banking index has been developed for Turkey to evaluate the extent of digital
banking. As 87% of the financial sector comprises banking assets, this index is based on the
internet and mobile banking data of the banking system. Additionally, the digital banking index
is used to create the financial inclusion index. Through analyzing the relationship between these
indices and the Gross Domestic Product (GDP) and Household Consumption Index using the
3SLS method, it has been found that both indices positively impact economic growth and
household consumption in Turkey. Additionally, the analysis shows that increasing the total
assets of the banking sector in Turkey will increase capital expenditure.

The paper's contribution to the literature is integrating the digital aspect of financial
inclusion into the financial inclusion index. Additionally, this study aims to measure the impacts
of financial inclusion and digital financial inclusion on economic growth and household
consumption. The study will implement the 3SLS methodology to measure this impact.

2. Relationship between Financial Development and Economic Growth

The financial sector is a set of institutions, instruments, and markets that enable
transactions on credit. The development of the financial sector is fundamentally linked to
overcoming "costs" in the financial system. Reducing information, transaction, and contract
enforcement costs has led to the emergence of financial contracts, markets, and intermediaries.
Financial systems contribute to reducing poverty and inequality by (i) increasing access to
finance for vulnerable groups of society, (ii) reducing vulnerability to financial shocks, (iii)
enabling the management of risk, (iv) expanding investment opportunities, and (v) increasing
productivity (World Bank, 2016).

A literature review on economic development shows disagreement about the interaction
between the financial sector and economic growth. In this context, there are two views of the
relationship between finance and the economy. According to the first view, finance is

2
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essentially the handmaiden to industry, and financial development follows economic growth
(King and Levine, 1993). According to Robinson (1952), who is considered the foremost
economist of this view, economic initiatives drive finance, and finance follows. In this
framework, finance does not cause growth but merely responds to the demands of the real sector
(Levine, 2005). According to Robinson, economic growth increases the demand for financial
contracts, and finance responds. This view is the growth-led finance hypothesis (Choong and
Chan 2011). This skeptical view that finance does not affect the economy is derived from the
mechanics of the neoclassical growth model. Most economists who held this view believed that
financial systems had only minor effects on physical capital and investment rates. As a result of
Solow's (1956, 1957) analyses, finance had only minor effects on economic growth following
changes in investment (King and Levine, 1993).

On the other hand, the opposite view argues that the financial system is a crucial
determinant of economic growth. This view is defined as the finance-led growth hypothesis.
Walter Bagehot (1873) was the first to state this view. (Huang, 2010: 1). According to Bagehot,
lendable funds are allocated to investors, then these funds support the adoption of new
technologies, increasing the production process of the economy, and gradually this process
spreads to the whole economy (Sethy, 2016).

Schumpeter (1912), Gurley and Shaw (1955), Hicks (1969), and Goldsmith (1969) argue
that advanced financial systems and markets accelerate economic development, while
underdeveloped financial systems impede economic growth. Hicks (1969) also states that the
industrial revolution had to wait for the financial revolution due to the large capital requirements
and long-term commitments to projects (Mutlugiin, 2014).

However, studies of the finance-growth relationship using different statistical methods for
different countries and over different periods have produced different results, and no consensus
conclusions have been reached on the direction, magnitude, and mutual influence of the finance-
growth relationship.

On the other hand, it is acknowledged that finance can contribute to reducing poverty and
inequality for poor and vulnerable groups, by reducing their vulnerability to financial shocks,
managing risks, and increasing their productivity and investment (World Bank, 2016).

2.1. Access to Finance, Financial Inclusion, and Financial Development

The concept of financial inclusion was first introduced in 1993 by geographers concerned
with the closure of bank branches, resulting in limited physical access to banking services
(European Commission 2008: 9). Leyshon and Thrift (1995) and Thrift and Leyshon (1999)
discussed access to finance in the context of its opposite, financial exclusion. The authors
defined access to finance as the processes that prevent poor and disadvantaged social groups
from accessing the financial system. It was argued that financial exclusion exacerbates
geographical disparities in income and economic development and indicates inequitable
development. This situation should be addressed within “financial citizenship” and resolved
regarding poor individuals and disadvantaged groups (Leyshon and Thrift 1995; Thrift and
Leyshon, 1999).

On the other hand, financial inclusion is defined as making financial services available to
disadvantaged, vulnerable, and low-income groups -including households, small and medium-
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sized enterprises, and traders - fairly and transparently and at an affordable cost. Financial
inclusion is a necessary structure for equal opportunities for all segments of society in a country,
for endogenous growth, economic and social development, and job opportunities (Devi, 2015).

Financial inclusion and access to finance are different issues. Financial inclusion is
focused on use, but a lack of use does not always mean a lack of access. Many people need
access to financial services because these services have prohibitive costs or have barriers to their
use, such as regulations requiring onerous paperwork, travel distance, legal hurdles, or other
market failures. Others may choose to refrain from using financial services despite having
access at affordable prices. Nevertheless, there is growing recognition that most of the barriers
that limit access to services can be overcome by better policies (Demirgii¢c-Kunt et al., 2015).

Well-functioning financial systems serve a vital purpose, offering people with various
needs savings, payment, credit, and risk management products. Inclusive financial systems can
benefit poor and disadvantaged groups by granting them access to appropriate financial
services. For example, access to formal savings and credit mechanisms can help people invest in
productive activities like education or entrepreneurship. Without such access, individuals rely
on their limited informal savings, and small businesses depend on their limited earnings to seize
opportunities for growth, leading to persistent income inequality and slower economic growth
(Demirgii¢-Kunt and Klapper, 2013).

Policy-setting organizations have defined financial access and inclusion in different ways,
and these definitions outline the significant elements of these concepts. The World Bank
defines financial access as "having an account with a formal financial institution." Having and
using an account with a formal financial institution facilitates access to financial services by
reducing account operating costs and providing proximity to financial intermediaries (Allen et
al., 2016). Another World Bank study defined financial inclusion as the absence of price and
non-price barriers in using financial services (Demirgii¢-Kunt et al., 2015).

The International Monetary Fund (IMF) defines access to finance as excluding
individuals and businesses from access to financial services beyond the efficiency criteria.
There are voluntary and involuntary forms of financial exclusion, and the main objective should
be to include all segments of society, excluding those who cannot access financial services due
to income criteria and those who are considered risky (Amidzic et al., 2014).

The OECD defines financial inclusion as the access of society to a wide range of
regulated financial products at an affordable cost, in a timely and adequate manner, as well as
the extension of the use of these products and services by all segments of society by making the
existing structure available to all segments of society (Atkinson and Messy, 2013: 11). The
European Union (EU) defines access to finance through financial exclusion. In the EU's
definition, financial exclusion refers to the difficulties experienced by individuals in accessing
and using suitable financial products and services that meet their own needs and enable them to
participate in social activities within the community (Kempson et al., 2007).

Kempson and Whyley (1999: 1-21) identify five forms of financial exclusion.

1- Access Exclusion: It defines the population excluded from the financial system due to
distance or risk management processes in the financial system.

2- Condition Exclusion: Refers to the exclusion that arises because the conditions are
unsuitable for certain individuals.
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3- Price Exclusion: It occurs because the prices of financial products are unaffordable for
some people.

4- Market Exclusion: This occurs due to the marketing and selling of financial products
only to a targeted audience.

5- Self-exclusion: Occurs when a person excludes himself/herself from the financial
market within the framework of psychological barriers due to fear of rejection or other
factors.

The World Bank presents four forms of financial exclusion in Figure 1 (World Bank,
2013: 16).

Lack of Need
to Financial
Services
Voluntary Cultural
Exclusion Reasons and

Indirect
Access

Non-Use of
Financial

Services \

- >
Insufficient
Income and
/ High Risk
Discrimination
Lack of
Information/Documentation
Weak Enforcement
Practices
Product Specifications Do
Not Match

Price Barriers Due to
Market Disruptions.

In-Voluntary
Exclusion

Figure 1. Types of Financial Exclusion
Source: Adopted from World Bank, 2013: 16.

Voluntary exclusion refers to individuals or firms who choose not to use financial
services for various reasons, such as lack of a suitable project, cultural or religious reasons, or
simply not needing the service. This type of exclusion arises due to a lack of demand. In
contrast, specific segments of the population are involuntarily excluded from the financial
system because they have insufficient income or are deemed too risky for the credit market.
This type of exclusion cannot be attributed to market failures. As a result, there is limited scope
for addressing this kind of exclusion. However, financial literacy or supporting financial
institutions that offer tailored products for cultural and religious demands can be used to
improve financial inclusion. Another category of non-voluntary exclusion refers to individuals
and organizations that are excluded due to regulatory barriers and market failures. This category
requires policy action when there are individuals for whom the marginal returns of financial
services exceed marginal costs. However, these individuals are excluded due to market failures,
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such as high account fees, distance of access, and lack of suitable products (Amidzic at al.,
2014).

Inclusive financial systems are desirable for various reasons. First of all, it allows for an
efficient allocation of resources. Secondly, access to appropriate financial services enables
individuals and firms to conduct daily financial transactions. Thirdly, an inclusive financial
system reduces informal credit channels. In this framework, an inclusive financial system
increases investment by efficiently allocating productive resources, accelerates economic
growth, and contributes to capital formation (Sarma, 2012). On the other hand, access to
financial markets enables individuals to continue their education, enhance their professional
skills, and obtain the capital they need for their ventures beyond what their families can provide.
It provides expanded opportunities that might not otherwise have been available (Demirgiig-
Kunt and Levine, 2008).

The view of policymakers that an inclusive financial system is an essential component of
economic and social development is supported by a growing body of evidence in the literature.
There is a growing recognition that financial inclusion is a critical factor in reducing poverty
and in the internalization of economic growth that is inclusive of all sectors. Research shows
that when individuals participate in the financial system, they can more easily start new
businesses, improve existing ones, invest in education, manage risks, and absorb financial
shocks (Demirgiig-Kunt et al., 2015).

On the other hand, according to Honohan (2008), while there is some econometric
evidence that greater household access to finance reduces inequality, there is little evidence that
financial access and inclusion are directly related to poverty reduction. The studies show that
financial access and inclusion are essential, but their statistical significance disappears when
income and distribution variables are included. In other words, financial development reduces
poverty through the depth dimension beyond the access and inclusion dimension. Interestingly,
the interaction between the more traditional measure of financial development, depth (bank
credit), and financial access is high, making financial access important. However, when the
depth dimension is below average income per capita, the marginal effect of access is positive.

2.2. Indicators of Financial Inclusion

According to Amidzic et al. (2014), an inclusive financial system has three primary
dimensions. These are physical access, using a bank account to save, and using the bank
account frequently. The physical access dimension refers to the ease of physical access to the
service point. The World Bank's 2021 Global Findex report shows that distance is a barrier for
31 percent of unbanked adults (Demirgiic-Kunt et al., 2021). The lack of physical availability of
financial service points mainly affects people living in rural areas. On the other hand, in some
countries, people living in the cities may also be in this situation. More financial inclusion is
associated with a better environment that enables people to access financial services, such as
lower banking costs and more proximity to branches. The dimensions of use and quality of
financial services are related to meeting consumers' needs. Financial inclusion is the optimal
combination of these three dimensions (Amidzic et al., 2014).

Camara and Tuesta (2014) define financial inclusion in three dimensions: usage, access,
and barriers to access. According to the authors, a high level of use of financial services or a
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high number of financial access points indicates an inclusive financial system. However, factors
such as GDP per capita, financial literacy, legal infrastructure, cultural habits, and public
attitudes toward financial services can affect the use of formal financial institutions. In this
context, physical infrastructure like ATMs and bank branches partially indicates the
accessibility of the financial system. On the other hand, it may be incorrect to assume that a
higher rate indicates a more inclusive financial system, given the need for more information on
the concentration and location of these infrastructures. In this sense, focusing only on access
and usage leads to a limited financial inclusion measurement. Researchers argue that an
inclusive financial system should minimize involuntary exclusion while maximizing usage and
access. Therefore, the three dimensions of financial inclusion -usage, access, and barriers to
access- should be assessed together to measure financial inclusion.

Kainth (2013) considered the financial inclusion index to have three dimensions and
defined these dimensions as the penetration of banking services in the market, availability, and
usage. AFI (2013b: 38), identified the dimensions of financial inclusion as access, usage, and
quality, defining access as formal and regulated financial services and proposing physical
proximity and affordability as criteria for this dimension. The usage dimension states that
regular and frequent use of financial services and the duration of use should be essential. The
quality dimension is defined as developing products that meet customers’ needs and income
levels.

Sarma (2012) divides financial inclusion indicators into macro and micro indicators.
While macro indicators are bank accounts per 1,000 people, bank branches per 100,000 people,
domestic credit/GDP ratio, domestic deposit GDP ratio, and micro indicators are the percentage
of people with an account in a formal financial institution, the percentage of people using an
account in a formal financial institution for savings, the percentage of people using an account
in a formal institution for borrowing, and the percentage of people borrowing from a non-formal
institution.

As indicators of access and use in the banking sector, Beck et al. (2007) propose the
following criteria in their study:

-Branch distribution by region (geographical): Number of branches per 1,000 km?,

-Branch distribution per capita (demographic): Number of branches per 100,000
inhabitants,

-Distribution of ATMs by region (geographical): Number of ATMs per 1,000 km?,
-ATM distribution per capita (demographic): ATMs per 100,000 inhabitants,
-Number of loans per capita (prevalence): Number of loans per 1,000 inhabitants,

-Loan-to-income ratio (affordability): Ratio of the average loan amount to per capita
income,

-Number of deposits per capita (prevalence): Number of deposits per 1,000 population,

The financial inclusion indicators identified by the Alliance for Financial Inclusion (AFI,
2013a) are presented in Table 1.
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Table 1. AFI Financial Inclusion Indicators

Dimension Definition

Main Indicator Proxy Indicator

Description

Ability to Use Financial

Services: Minimum
Barrier to Open an
Account

Number of Access
Points per 10,000
Adults in the Country

Access Unit with At

Regulated Access
Points where cash-
in and cash-out
transactions can be
performed.

Access Least One Processing Available if the
' imi Point (%) Distance to the
Physical Proximity, ) A POINt |
Affordability Total Population ccess Point Is
Living in Access Unit Consistently
with At Least One Detected
Access Point
The proportion of .
Adults with at least \umber of Deposit
. . one Deposit Account Accounts per
Actual Use of Financial 10,000Adult .
Usage Products/Services (%) . Country Defined
The proportion of Adult Age

(Frequency of Use)

Number of Credit
Accounts per
10,000 Adult

Adults with at least
one Credit Account
(%)

Source: AFI (2013a).

The G-20 Global Partnership for Financial Inclusion (GPFI) has identified a different set
of financial inclusion indicators, as presented in Table 2.

Table 2. G-20 Financial Inclusion Indicators

Dimension Category Indicator Global Data
Source
% of Adults with an Account at a Formal Global Findex
Usage Officially Banked Adults  Financial Institution
Deposit Accounts Per 1,000 Adults IMF Fas
5 -
Adults with credit at % O.f A.dUItS with Loans at Regulated Global Findex
Usage regulated institutions Institutions
Outstanding loans per 1,000 adults IMF Fas
SMEs with an account at a formal financial \Ié\r/Ere reneur
Formally banked institution (%) P
Usage enterprises Survey
P Number of SME deposit accounts at a
. Lo IMF Fas
formal financial institution
. . SMEs with an outstanding loan or line of ws
Enterprises with . Entrepreneur
. . credit (%)
Usage outstan_dlng loans or line _ Survey
of credit at regulated Percentage of adults with at least one loan
institutions outstanding from a bank or other formal IMF Fas
financial institution
Access Physical Points of Service Number of branches per 100,000 adults IMF Fas

Source: CGAP (2012).

In line with the literature, financial inclusion has been analyzed along three dimensions:

1) Penetration, 2) Access, 3) Usage. The indicators of these dimensions are defined as follows

as suggested by (Ekmen, 2023a);
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Indicators of 1) Penetration consists of i) number of active users of mobile and ii) internet
banking in the banking system; 2) Access dimension consists of i) number of bank branches, ii)
number of ATM’s, iii) number of bank employees; 3) Usage dimension consists of i) total loan
amount (Million TL), ii) deposits per capita (Million TL), iii) digital Banking Index (Author’s
calculation).

3. Construction of the Indices

In order to evaluate the extent of financial inclusion in an economy, it is essential to have
a scale that combines all aspects of financial inclusion into one number. This scale should
measure financial inclusion consistently across different economies and countries. Additionally,
this scale should be appropriate for tracking policy changes over time (Camara and Tuesta,
2014).

In this context, indicators related to different dimensions of financial inclusion should be
combined in a multidimensional index framework to create an index with a value between 0 and
1. An index value of 0 indicates complete financial exclusion in the economy, while an index
value of 1 indicates complete inclusion in the economy (Sethy, 2016). The financial inclusion
index will be calculated based on data obtained from the banking sector, which accounts for
87% of the Turkish financial sector's assets.

3.1. Data

The data used to construct the indices is classified into two categories. The first set of
data comprises banking data that is used to construct the financial inclusion index. These data
points include the number of active bank customers, total loans, total deposits, total number of
branches, ATMs, bank employees, and total assets.

The second set of data includes indicators of the use of digital banking, which consists of
transactions carried out via banks' mobile and Internet banking platforms. These transactions
include non-financial transactions, money transfers, bill payments, credit card payments, other
financial transactions, and the number of active customers.

The digital banking data is derived from the Internet and mobile banking statistics reports
available on The Banks Association of Turkey (TBA) website. The other banking data is
obtained from the interactive monthly bulletin of the Banking Regulation and Supervision
Agency (BRSA). Lastly, macro aggregates data macro aggregates data is sourced from the
Turkish Statistical Institute (TURKSTAT) website. Note that the figures are quarterly and cover
periods from December 2006 to December 2020.

3.2. Methodology

At this research stage, each indicator’s quarterly values, representing different index
dimensions, should be combined to create an index. Each indicator has been considered a
separate index dimension in constructing the index. Therefore, there will be no aggregation of
indicators within the same dimension.
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To construct the index, it is first necessary to determine the optimal vector between the
time series of different dimensions. PCA was applied to these indicators to find the optimal
vector combination. The coefficients obtained from the PCA analysis were multiplied by the
indicator values in the time series to generate the optimal vector combination.

After this calculation, the quarterly values of the optimal vector were converted into
index series ranging from 0 to 1 in order with the following formulation.
i = A() — Min(i)
YT Max() — Min(i)
where d(i) is the value of the index for each period; A(i) is the current value of the variable;

Max (i) is the maximum value of the variable for all the periods analyzed; and Min (i) is the
minimum value of the variable for all the periods analyzed.

)

3.3. Construction of the Financial Inclusion Index

The following indicators are used to construct the Financial Inclusion Index, representing
the dimensions of penetration, access, and usage;

- Number of the active customers!

- Outstanding Deposit Amount (TL million)

- Outstanding Loan (TL million)

- Number of the Bank Employees

- Number of the Bank Branches

- Number of ATMs

- Digital Banking Index (DBI) (Author's calculations)

The optimal vector coefficients found by the PCA analysis in the framework described
above are shown in Table 3.

Table 3. Result of PCA Analysis for the Financial Inclusion Index

Variables Coefficient of PCA
Outstanding Loan (OL) (51) 0.412942
Number of ATM’s (ATM) (52) 0.403639
Total Deposits (TD)(/3%) 0.404315
Number of Active Customers (AC) (f:) 0.395549
Digital Banking Index (DBI) (/) 0.366804
Number of Bank Branches (BB) () 0.332323
Number of Bank Employees (BE) (57) 0.318811

Source: BRSA Monthly Bulletin, Digital Internet and Mobile Banking Reports, TBA

As can be seen from the results of the PCA analysis, although the ratios are pretty close,
outstanding loans, number of ATMs, and total deposits contribute most to the financial
inclusion index. On the other hand, the contribution of the number of bank branches and the

1 Number of customers actively using Internet and mobile banking platforms in the banking system

10
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number of bank employees to the financial inclusion index remains low. As a result, the
optimum vector values have been calculated as follows;

FIIT = BIOLT + 2 ATMT + B TDT + pAACT + S5 DBI+ B6SBT + S7BE  (2)
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. Financial Inclusion Index

The graph of the constructed Financial Inclusion Index is shown in Graph 1. As shown
in Graph 1, financial inclusion has increased rapidly over the period under review.
However, while financial inclusion was relatively low in 2006, it has increased in
Turkey since the 2010s. The increase after 2015 is remarkable.

3.4. Construction of the Digital Banking Index

The Digital Banking Index has been calculated using the abovementioned index
calculation method. Data for the Digital Banking Index is based on digital, mobile, and internet
banking statistics from the Banking Association of Turkey (BAT).

In constructing the Digital Banking Index, the indicators used in the calculation to
represent each dimension are listed below:

- Number of active customers? (representative of the penetration dimension)
- Total number of payments® (representative of the usage dimension)

- Number of Money transfers* (representative of the usage dimension)

2 Number of customers actively using Internet and mobile banking platforms in the banking system

3 Includes; bill payments, tax payments, SSK and Bag-Kur (Social Security) payments, loan payments,
MTV (Vehicle Tax), traffic fines and other payments.

4 Includes Electronic Fund Transfers, wire, and currency remittance (Includes payments such as foreign
currency transfers via SWIFT and similar payment systems, MoneyGram, Western Union, etc.).

11
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- Number of other financial transactions® (representative of the access dimension)
- Number of credit card transactions® (representative of the usage dimension)
- Number of non-financial transactions “(representative of the access dimension)

PCA analysis was performed on the time series data, and the resulting coefficients for the
optimal vector combination are presented in Table 4.

Table 4. PCA Coefficient for Digital Banking Index

Variables Coefficient of PCA
Money transfers (/1) 0.4138
Credit Card Transactions (/) 0.4133
Payments (/) 0.4122
Non-financial transactions (fs) 0.4103
Active Customers (/fs) 0.4021
Other financial transactions (fs) 0.3972

Source: BAT Mobile and Internet Banking Transactions Reports

Although the obtained coefficients are close, the most significant contribution to the
optimal vector size, hence to digital financial inclusion, among these indicators are the Number
of Money Transfers, Number of Credit Card Transactions, and Number of Payments.

In this context, the optimum vector values are calculated as follows;

DBIT = BLMTT + 2 CCTT + B3PYMT + B4 NFTT + 85 AC + f6 OFTT ~ (3)

where; MT is Money Transfers; CCT is Credit Card Transactions; PYM is Payments; NFT is
Non-Financial Transactions; ACT is Active Customers; and OFT is Other financial transactions.

After calculating the optimal vector, the periodic values were converted into an index
series ranging from 0 to 1, based on the following formula to obtain the Digital Banking Index.
_ A — Min(i)

YT Max() — Min(i)

where d(i) is the value of the index for each period; A(i) is the current value of the variable;

Max (i) is the maximum value of the variable for all the periods; and Min (i) is the minimum
value of the variable for all the periods.

(4)

The resulting Digital Banking Index graph is shown in Graph 2. It clearly shows a
significant uptick in the index since 2010, indicating a remarkable increase in digital banking
transactions. The Digital Banking Index is an essential tool for tracking the progress of all
mobile and internet banking transactions within a single, comprehensive index.

5 Includes data on transfers from investment account to time/demand deposit account or from
time/demand deposit account to investment account, time deposit partial withdrawal/deposit, virtual POS
transactions, virtual card transactions, bulk transfer transactions, credit utilization transactions against
securities, VIOP (Turkish Derivatives Exchange) collateral deposit/withdrawal, etc.

® Includes the sum of the cash advance, cash advance in instalments, debt paid on own card, debt paid on
someone else's card.

" Includes data on loan applications, credit card applications, and the number of regular payment
instructions (instructions given for future/regular EFT, money orders, dues, private school fees, apartment
building fees, rent and cooperative payments, public offering instalment payments, etc.).

12
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. Digital Banking Index

4. Relationship between the Indices and the Macro Economic Variables

After constructing the indices, the 3SLS method and E-Views 10 econometric software

are used to analyze the impact of digital banking on economic growth and household
consumption.

4.1. Macro Data

The macro-aggregate data are indexed figures published by TURKSTAT, covering the 57
quarterly periods between December 2006 and December 2020. The figures for the total number

of ATMs and total banking assets are obtained from BRSA monthly reports and are indexed
series based on the period starting in March 2007.

4.2. The Model

The 3SLS, based on the seemingly unrelated regression (SUR) model, provides a solution
as a system of equations. This method is called "unrelated" because the dependent variables in
the equations appear to be unrelated. However, the error terms are correlated. By removing the
relationship between the error terms in the model's equations, the computation of the SUR
equation system becomes a separate ordinary least squares (OLS) system. This way, the SUR
method allows for the joint estimation of the relationship between different banking variables
and growth and macroeconomic aggregates (Kog, 2018; Kog et.al., 2021).

A simultaneous equations model can be illustrated as
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where y; = Bix; + &;

Here, the mean of ¢ is zero, and the variance-covariance matrix of the equation represents
the correlation between the error terms of the different structural equations (Kog vd., 2021).
However, as with other multi-equation models, the variables in the 3SLS model should be
stationary. Otherwise, "spurious regression” may occur. On the other hand, multi-equation
methods such as 3SLS or 2SLS can be applied to non-stationary but long-run co-integrated time
series (Hsiao: 1997a, b; Hillebrand and Koray, 2008; Kog et al., 2021).

On the other hand, in the case of bidirectional causality between variables, there may be a
correlation between the error terms and the explanatory variables, in which case the endogeneity
problem may arise. In this context, the correct estimation method is 3SLS (Goérmiis and
Hotunluoglu, 2011).

The 3SLS equation system is considered the most efficient method of controlling the
endogeneity of regressors and cross-equation error correlation. It is stated that 3SLS is an
efficient estimator if the equations in the equation sets are properly defined. This equation
system is more effective in capturing the interrelationships between equations and the causal
and feedback effects between the main variables in the system. (Soukiazis et al., 2013;
Soukiazis et al., 2018).

There are three stages in the estimation procedure of the equation with the SUR method;

1. Each equation is estimated separately using the OLS method.

2. The variances of the estimators and the covariance of the model are calculated by
using residuals obtained by the OLS estimates.

3. Using the estimates obtained in the second stage, all equations are estimated jointly in
a generalized OLS framework (Hill, 2011).

The paper first examines whether the time series is stationary in this context. Then, it
looks for a co-integration relationship between the different series using the Johansen co-
integration test. Finally, it estimates the relationship between the digital banking index and
macroeconomic aggregates using the 3SLS model.

4.3. Stationarity Analysis

In studies that involve time series data, it is essential to check whether the series are
stationary. If non-stationary series are used, the regression analysis results can be unreliable and
lead to incorrect conclusions. On the other hand, a stationary series does not have a unit root,
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and its mean, variance, and covariance do not change over time (Enders, 2004: 171; Gujarati,
2004, p.713; Conkar and Vergili, 2017).

In a dynamic model, the value of each variable in the current period depends on its value
in the previous period or periods. Therefore, all kinds of information from the previous period
and the shocks exposed to it can affect the variable. By examining how the variable’s value in
the previous period affects the current period, one can discover the long-run characteristics of a
series. Therefore, to understand the data generation process of the series, it is sufficient to
regress the value of the series in each period on its previous value (Torun, 2015; Bekgioglu et
al., 2018).

“If our definition of this series is Yt, then we obtain the equation of
Y = BY_1 + U, U, = N (0,0%) (5)

If the value of B equals 1, then the variable Yt is influenced by its value one period
earlier, i.e., by the shocks it experienced. But if B is less than 1, the effect of previous period
shocks will gradually diminish and disappear entirely after a short time. This hypothesis can be
summarized as follows;

Hy: =1 The series has a unit root (the series is not stationary).
H,: B<1 The series has no unit root (the series is stationary).

The hypothesis mentioned above has been developed using the Dickey-Fuller test, which
is widely used due to its ease of use. However, if the residuals obtained by estimating the
equations exhibit autocorrelation, the results of the unit root test may not be reliable. To address
this issue, Dickey and Fuller introduced the Augmented Dickey-Fuller (ADF) test, which
involves a model as shown below:

k
AY, =pu+0,+ (B — 1)Yt_12/1i AY,_; + Ut (6)
1

Hypothesis for the ADF test is as follows;
H,: B=1 the series has a unit root (the series is not stationary).
H,: B<1 the series has no unit root (the series is stationary). (Yurdakul, 2000).

Results show non-stationary indicators at level values but become stationary at first-order
differences.

ADF tests assume the error terms have constant variance, and their means are time-
varying. From this perspective, ensuring that the error terms are not correlated and have
constant variance is necessary. Phillips and Perron (1988) extended the ADF test and proposed a
non-parametric unit root test method. This method considers serial correlation and variance
changes in the error terms.

In the PP methodology,

Ry = xg+x1 %Ry + et

T (7)
RL': x0+x1*Rt_1+x2=(t—§)+et

T is the number of observations, and et denotes the error term. (Yavuzaslan et al., 2017).
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Table 5. ADF and PP Test Results

Variables Symbol ADF PP

GDP Y 0.0000 0.0000
Economic Confidence Index (ECI) (C) 0.0000 0.0000
Resident Household Consumption Index C 0.0010 0.0000
Financial Inclusion Index A 0.0004 0.0003
Digital Banking Index (DBI) B 0.0000 0.0000
Number of ATMs D 0.0145 0.0159
Unemployment Index (UI) ] 0.0012 0.0002
Capital Expenditure (CE) 1] 0.0000 0.0001
Total Assets (TA) I1 0.0000 0.0000

Note: *Results for differences of the first order.

Table 5 shows the ADF and PP test results for the time series used in the paper. In order
to use the 3SLS method, it is necessary for the data being analyzed to be stationary in the same
order as mentioned above. The null hypothesis is rejected after calculating the first-order
differences in the data. So, if the Augmented Dickey-Fuller (ADF) and Phillips-Perron (PP)
tests indicate that the series is stationary, then the 3SLS method can be applied to these series.
After conducting the stationarity analysis, the Johansen co-integration test was performed on the
series.

4.4, Co-Integration Test

Soren Johansen and Katarina Juselius created the Johansen co-integration test in 1988 and
1990 to test the idea of co-integration. This method tests for the structure of multiple co-
integrations in cases where more than one variable is analyzed. This method gets estimates of
the co-integration parameters and counts the number of co-integration vectors using Johansen's
maximum likelihood estimation approach. The Johansen approach is preferred when the
equations have more than two variables (Kog et al., 2021).

The co-integration test is a method used to determine if the residuals of a regression
model are stationary or have unit roots. If the residuals are stationary, there is a long-run
relationship between the variables and no spurious regression. On the other hand, to apply this
method, all variables in the model should be non-stationary before the application and stationary
in the first differences (Igellioglu and Ozturk, 2018).

The stationarity of the series has been tested in our previous analyses and the results are
presented in Table 6.

The hypotheses that have been tested using the Johansen method are as follows:
HO: p<0.05 There is co-integration in the series.

Ha: p >0.05 There is no co-integration in the series.

Table 6. Johansen Co-integration Test Results

Eigenvalue Trace Statistic Critical Value (Prob.)
Trace 0.844521 3.913.903 2.084.374 0.0000
Max.Eigen Value 0.807095 2.927.445 1.695.991 0.0000
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As can be seen from the results in Table 6, the probability value is less than the critical
value of 0.05. This indicates that there is a long-run co-integration relationship between the
series. Given that the time series are co-integrated, we can apply the 3SLS model.

4.5. Model Implementation

This study uses two sets of 3SLS equations to examine the relationship between the
financial inclusion and digital banking indices with GDP and household consumption indices.
The first set of equations is defined as follows;

yt =60+ 61 xat + 52 * 6t (8)
Ct=v0+ vli*Bt+v2=*et 9)
= b0+ d1*9t+ P2 +mt (10)

where y is Gross Domestic Product (GDP); o is Index of Financial Inclusion (FI); C is
Household Consumption; B is Digital Banking Index (DBI); 6 is Economic Confidence Index
(ECI); ¢ is Total Number of ATMs (ATM); 9 is Unemployment Index (Ul); @ is Capital
Expenditure (CE); and m is Banking Sector Total Asset (TA).

The equation (8) examines the connection between GDP, financial inclusion, and the
economic confidence index. The equation (9) analyzes the relationship between household
consumption (a subcomponent of GDP), digital banking, and the total number of ATMs.
Finally, the equation (10) links capital expenditure (another subcomponent of GDP), the total
assets of the banking sector, and unemployment.

4.5.1 Results of the First Model

Table 7 displays the findings from the analysis of the 3SLS model. The model mainly
investigates the relationship between financial inclusion and GDP, household consumption with
digital banking, and the number of ATMs. The final equation assesses the effect of total banking
assets on capital expenditure.

Table 7. Results for the First Equation Set

Dependent Variables Independent Variables Coefficient  t Statistic Probability
Constant Coefficient (9) 59.75954 3.281360 0.0013
GDP (Y) Financial Inclusion Index (o) 0.001864 15.77005 0.0000
Economic Confidence Index (8) 0.535105 3.044859 0.0027
Household Constant Coefficient (v) 61.52737 18.89568 0.0000
Consumption (C) Digital Banking Index (f3) 0.001979 9.12116 0.0000
Total ATM (o) 0.351401 19.89568 0.0000
Constant Coefficient () 145.4443 14.89199 0.0000
Capital Expenditure (@)  Unemployment Index (9) -0.387640  -4.469557 0.0000
Total Assets () 0.041105 3.764480 0.0002

The results can be interpreted as follows;

(i) A statistically significant positive relationship exists between the GDP and financial
inclusion indexes. When the financial inclusion index increases one unit, there is an associated
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increase in the GDP by 0.18%. This result shows that increased financial inclusion increases
economic growth in Turkey.

(if) As expected, a statistically significant and positive relationship exists between the
economic confidence index and GDP. One unit increase in economic confidence raises the GDP
by 53.5%.

(iii) A statistically significant and positive relationship exists between digital banking and
household consumption, with a one-unit increase in digital banking resulting in a 0.19%
increase in household consumption.

(iv) A statistically significant positive relationship exists between the total ATMs and the
resident household consumption index. One unit increase in the total number of ATMSs results in
a 35.1% increase in resident household consumption. This result indicates that improving access
to finance increases household consumption as well.

(v) As expected, there is a negative relationship between the capital expenditure and
unemployment indexes. An increase of one unit in the unemployment rate index reduces capital
expenditure by 38.7%.

(vi) A statistically significant positive relationship exists between the capital expenditure
index and total banking assets. An increase of one unit in total assets of the banking system
increases capital expenditure by 4.1%.

4.5.2. Results of the Second Model

The second equation set examines the relationship between the digital banking index and
GDP and between the financial inclusion index and household consumption. The third equation
set is identical to the first set. The formulation for the second set of equations is as follows:

yt =80+ 61 Bt + 626t (11)
Ct=v0+ vlxat+v2 =+t (12)
= p0+ pl =9t + p2 xmt (13)

Table 8 presents the results of the second set of equations estimated using the 3SLS
model. The model primarily examines the relationship between digital banking, GDP, financial
inclusion, and the number of ATMs and household consumption. The final equation estimates
the influence of total banking assets on capital expenditures.

Table 8. Results for the Second Equation Set

Dependent Variables Independent Variables Coefficient t Statistic Probability
Constant Coefficient (8) 74.36284 2.939863 0.0038
GDP (Y) Digital Banking Index () 0.005515 10.23952 0.0000
Economic Confidence Index (0) 0.473055 1.926875 0,0558
Constant Coefficient (v) 64.47886 18.09437 0.0000
Household Consumption (C)  Financial Inclusion Index (a) 0.000664 8.427266 0.0000
Total ATM () 0.321763 15.21265 0.0000
Constant Coefficient () 145.7953 14.85766 0.0000
Capital Expenditure (9) Unemployment Index (9) -0.386253 -4.433836 0.0000
Total Assets () 0.039807 3.639317 0.0004
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The results can be interpreted as follows:

(i) A statistically significant and positive relationship exists between the GDP and digital
banking. An increase of one unit in the digital banking index leads to a 0.5% increase in the
GDP index. This result indicates that with an increase in the use of digital banking channels,
economic growth will also increase. As digital banking channels are the access points to
finance, strengthening access to finance will also raise economic growth.

(ii) As expected, a statistically significant and positive relationship exists between the
economic confidence index and GDP. An increase of one unit in economic confidence increases
the GDP by 47.3%.

(iii) There is a statistically significant and positive relationship between the financial
inclusion and household consumption indexes. An increase of one unit in financial inclusion
results in a 0.06% increase in household consumption.

(iv) A statistically significant positive relationship exists between the total ATMs and the
household consumption index. An increase of one unit in the total number of ATMs raised the
resident household consumption by 32.1%. This significant result highlights the importance of
financial access points where households can carry out financial transactions.

(v) A statistically significant and positive relationship exists between total assets in the
banking sector, which can be considered a proxy indicator of the financial inclusion and capital
expenditure index. Increasing one unit in the banking sector's total assets raises capital
expenditures by 3.9% in Turkey.

(vi) As expected, there is a negative relationship between unemployment and capital
expenditure. An increase of one unit in the Unemployment Index reduces the Capital
Expenditure Index by 38.6%.

5. Conclusion and Recommendations

Although the relationship between finance and economic growth has long been discussed
in the economics literature, the link between financial inclusion and economic growth is a
relatively new area of research.

The main objective of financial inclusion is to ensure that every adult has access to and
can afford financial products and services. In this context, the access of all adults to financial
products and services is addressed within the framework of “financial citizenship”. Access to
and cost-effective use of financial services increases the quality of life of individuals, enables
them to carry out daily financial transactions, and enables them to manage risks and make
savings.

Within the context of this article, the relationship between financial inclusion and
economic growth is analyzed in the case of Turkey. In order to reveal this connection, firstly,
digital banking and financial inclusion indices are constructed, and their relationship with the
GDP index and resident household consumption index is analyzed.

To construct the indices, various indicators were identified from the literature. The
optimal vector size was determined using PCA analysis and combined accordingly. The
resulting optimal vector time series was then converted into a quarterly index series.
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After creating the digital banking index, it has been added to the financial inclusion
index. With the integration of the Digital Banking Index as a vector dimension in constructing
the Financial Inclusion Index, financial inclusion has become inclusive of the digital financial
inclusion dimension. This differentiation distinguishes the constructed financial inclusion index
from previous financial inclusion indices in the literature. After constructing the indices, the
relationship between the indices and the macroeconomic variables is analyzed using the 3SLS
model and two sets of equations.

The analysis conducted on the Financial Inclusion Index indicates that in Turkey,
financial inclusion positively impacts economic growth and household consumption. Moreover,
the analysis carried out on the Digital Banking Index reveals that the rise in digital banking
transactions is associated with an increase in GDP and household consumption.

Meanwhile, the results of both models show that increasing the number of ATMs also
raises the household consumption index. These results imply that the development of access to
finance increases household consumption and, thus, household welfare. In the meantime,
analyzing the relationship between total banking sector assets, which can be seen as a proxy for
financial inclusion, it is found that an increase in total banking sector assets increases capital
expenditure.

This study has significantly contributed to the literature by creating a digital banking
index and integrating the digital financial inclusion dimension into the financial inclusion index
via the digital banking index. The other contribution to the literature is measuring the impact of
both financial inclusion and digital financial inclusion on economic growth and household
consumption using the 3SLS model. Moreover, the study also reveals that the increase in
financial sector assets leads to a direct increase in capital expenditure

The findings on financial inclusion are consistent with the results obtained for financial
inclusion are in line with Sahay et al. (2015), who states that financial inclusion increases
economic growth up to a point, Loukoianova et al. (2018), who find that a 1% increase in the
financial inclusion index leads to a cumulative increase of 0.2% per capita for low-income
developing countries, Sharma (2016), who find positive and significant association between the
various dimensions of financial inclusion, Ali et al. (2019), who found that financial inclusion
has a positive effect on economic growth both in the short run and the long run, Thatsarani et al.
(2021), who found that financial inclusion has a positive effect on economic growth in the short
run, Bozkurt and Karakus (2020), who found a causal relationship from GDP per capita to the
Financial Inclusion Index score, both in the long run and in the short run, Kaya (2017), who
found co-integration relationship between financial access and economic growth in Turkey, and
Avci (2022), who found that financial inclusion increases economic growth in the short and
long run.

The findings on digital financial inclusion are also in line with Thathsarani (2021), which
states that digital banking contributes to the achievement of sustainable development goals in
South Asian countries, Li et al. (2022), which states that digital financial inclusion has a
positive effect on farmers' income growth in China, Adeoye, and Alenogehna (2019), which
states that internet usage has a positive effect on financial access and economic growth, Khera et
al. (2021), which states that digital financial inclusion is positively correlated with GDP per
capita growth for 52 developing countries, Andrianaivo and Kpodar (2011), which reveals that
the use of mobile phones and other ICTs contributes to growth in African countries, and Shen et
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al. (2018), which states that there is a significant and positive relationship between the use of
digital financial products and financial inclusion.

In this context, our policy recommendations for enhancing financial inclusion and
supporting economic growth and household consumption are as follows;

(i) Increasing the scope and penetration of banking applications through online platforms
such as Internet banking, call center banking, mobile banking applications, and fin-techs,

(ii) Increasing the number of physical points of access to finance, such as ATMs,

(iii) Establishing agent banking infrastructures that allow basic banking transactions such
as money transfers and deposits to be carried out in shopping centers such as pharmacies,
grocery stores, and markets, as has been observed in many countries,

(iv)Improving access to a range of financial products and services for especially small
and family businesses.

"With the advancements in information and communication technology, mobile phones
are now considered as virtual bank branches" (Ekmen, 2023b). Therefore, it is crucial to support
fin-tech initiatives and expand digital banking platforms to enhance financial inclusion,
particularly for households residing in rural areas where distance is a hindrance in utilizing
financial services.
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Abstract

This study aims to answer the following research question: Are the Capital
Asset Pricing Model (CAPM) and International Capital Asset Pricing Model
(ICAPM) valid in the Istanbul Stock Exchange (ISE)? No broad agreement has
been reached in the literature on this question, yet. Using an unbalanced panel
of daily stock returns of companies in the BIST-30 index and as of BIST-100
index from March 2010 to February 2019, this paper seeks to provide new
evidence on this discussion and explores whether the risk-expected return
relationship is linear. In the empirical framework, panel regression analysis
methodology is employed. Our findings indicate that both linear CAPM and
linear ICAPM models are valid in ISE. Moreover, it is observed that the
ICAPM outperforms the CAPM in explaining the stock returns for both
indices. This outperformance is especially more pronounced for BIST-30 than
BIST-100. Depending on these findings, investors can easily prioritize BIST-
100 over BIST-30 when constructing portfolios to reduce risk in the Turkish
market, given the fact that exchange rate-relevant diversification is greater in
BIST-100.

Oz

Bu galismanin amaci, Borsa Istanbul’da Sermaye Varliklar1 Fiyatlama Modeli
(SVFM) ve Uluslararast Sermaye Varliklar1 Fiyatlama Modeli (USVFM)
gegerli midir, sorusunu cevaplamaktir. Alan yazinda bu soru iizerine heniiz
tam bir fikir birligine ulasgilamamigtir. Bu ¢aligmada BIST-30 ve BIST-100
endekslerindeki isletmelerin Mart 2010 ile Subat 2019 aras1 giinliik pay senedi
getirilerinden olusan dengesiz panel veri seti kullanilarak bu tartismaya yeni
kanitlar sunmak hedeflenmekte ve risk-beklenen getiri iliskisinin dogrusal
olup olmadig1 arastirilmaktadir. Ampirik uygulama olarak panel regresyon
analizi metodolojisi kullanilmistir. Bulgularinuz Borsa Istanbul’da (BIST)
hem SVFM hem de USVFM’nin gegerli oldugunu gostermektedir. Ayni
zamanda bulgularimiz, her iki endeks i¢in pay senedi getirilerini agiklamada
USVFM’nin SVFM’ye gore daha iyi performans gosterdigini ortaya
koymaktadir. Agiklama giiciindeki bu yiiksek performans BIST-30 endeksinde
BIST-100 endeksine kiyasla daha 6n plana g¢ikmaktadir. Bu bulgulara
dayanarak yatirimcilar, BIST-100'de d6viz kuru iliskili ¢esitlendirmenin daha
fazla olmasi nedeniyle Tirkiye piyasasinda riski azaltacak portfoyler
olustururken yatinmcilarin  BIST-30 yerine BIST-100'G  kolaylikla
onceliklendirebilirler.

* MA,; student of MSc in Economics, University of Pisa, Sant’Anna School of Advanced Studies, Italy,
m.muddasir@studenti.unipi.it
™ Assist. Prof. Dr., Anadolu University, Faculty of Economics and Administrative Sciences, Tiirkiye,

gulsahy@anadolu.edu.tr

Received Date (Makale Gelis Tarihi): 31.10.2023

This article is licensed under Creative Commons Attribution 4.0 International License.

Accepted Date (Makale Kabul Tarihi): 29.02.2024

(ONON

26


https://doi.org/10.30784/epfad.1383837
https://orcid.org/0000-0003-1116-4329
https://orcid.org/0000-0001-7843-0965
https://creativecommons.org/licenses/by/4.0/

M. Muddasir & G. Kulali “The Validity of CAPM and ICAPM in the Istanbul Stock Exchange”

1. Introduction

Investment theory has been concerned with understanding how risk and expected return
are related to each other in various circumstances. This relationship between risk and return
underlies the theoretical basis for many investment models, including the Capital Asset Pricing
Model (CAPM). CAPM test confronts numerous issues related to statistical assumptions such as
return distributions’ normality or use of variance as a primary risk metric (Markowitz, 1959). The
security market line's determinants define a positive association between betas and expected
returns. The foundation of CAPM suggests that all risks should not have an impact on asset values,
and that risk can only be mitigated by keeping it in a portfolio of assets with other investments.
On the other hand, the International Capital Asset Pricing Model (ICAPM) is derived from CAPM
to deal with global investment. ICAPM is used to include currency risk when examining assets in
a global context and dealing with multiple currencies, often with the inclusion of an exchange rate
premium to the model. In the ICAPM, direct and indirect exposure to foreign currencies, as well
as the time value of money and market risk premium are rewarded. Thus, ICAPM enables
considering an asset's sensitivity to fluctuations in foreign exchange markets.

This study aims to answer the following research question: Are CAPM and International
ICAPM valid in the Istanbul Stock Exchange (ISE)? No broad agreement has been reached in the
literature on this question, yet. Answering this question for the Turkish capital market is quite
important since it is a developing and relatively risky market, in which investor protection is a
major concern for both investors and policymakers. The BIST-100 (XU100) and BIST-30 (XU30)
are key stock indices on the Turkish stock market. Comprising 100 stocks from the stars market,
BIST 100 represents the performance of the market in general. As a benchmark for investment
choices, BIST-30 consists of the 30 most liquid and highly valued equities. When it comes to
tracking and directing investments in the Turkish stock market, both indices are quite important.

This study contributes to the literature by shedding light on the usefulness of both models
in the context of the Turkish capital market. Various empirical research gives opposing evidence
and viewpoints on the validity of the CAPM in different markets of ISE. Some research supports
the validity of CAPM, while others argue against it. Additionally, the number of studies about the
validity of ICAPM in ISE is limited. This study attempts to contribute to filling this gap by
investigating the application of CAPM in the Turkish stock market and also comparing it to
ICAPM. In sum, the primary focuses of this study are to find: i) whether the two models are valid
in ISE, ii) which model is better suited, by comparing the explanatory power of the two.

Overall, this empirical study tests the legitimacy of CAPM and ICAPM in ISE, using daily
stock returns for BIST-30 and BIST-100 companies, which are on the stock exchange without
interruption for the ten years from March 2010 to February 2019. In BIST-30 and BIST-100, we
observed the relationship to verify the hypothesis that there is a linear relationship between
expected return and risk. In empirical analysis, we make panel regression estimations for the
following four models. The first model is a baseline model for testing the validity of CAPM. To
modify CAPM into ICAPM, the second model introduces USD/TRY, the third model introduces
EURO/TRY, and the fourth model introduces EURO/USD as exchange rate variables to the
baseline model.

The findings of this study show that both linear CAPM and linear ICAPM models are valid
in both BIST-100 and BIST-30. Moreover, ICAPM outperforms CAPM in explaining the stock
returns for both indices. This outperforming is especially more pronounced for BIST-30 than
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BIST-100. Depending on this finding, we propose that investors can easily prioritize BIST-100
over BIST-30 when constructing portfolios to reduce risk, given the fact that exchange rate-
relevant diversification is greater in BIST-100.

Based on our findings, our recommendation for investor protection policies is to consider
the significant role of exchange rates in the construction of asset prices. Specifically, policy
instruments to improve the context for hedging opportunities would be of crucial importance.
This way, investors’ confidence in Turkish capital markets would also increase. This increase in
investor confidence will contribute to a healthier development of the relationship between risk
and expected return and will ensure a healthier balance of financial asset prices in the market. The
widespread effect of this will be to contribute to the development of capital markets.

This study has the subsequent organization: In Section 2, a concise review of relevant
previous work is provided along with a brief discussion of their findings, and the research design.
In Section 3, data and the methodology of the paper are described and empirical analysis
estimation results are provided. Lastly, in section 4, the paper is concluded and areas for future
studies are highlighted.

2. Empirical Literature Review

The connection between risk premium and return in financial markets has been the subject
of much empirical research worldwide. Table 1 summarizes findings from prior studies on the
validity of various CAPMs in different financial markets.

Our literature review indicates that there are many different types of CAPM, which have
been widely investigated in various financial markets. In some markets, it shows significance,
and in some markets, it doesn’t. Recently, Giiler et al. (2018) evaluate the Turkish stock market's
dependence on foreign markets using the CAPM, highlighting the importance of this model in
understanding risk exposures and investment trends. Moreover, the traditional ICAPM is used by
Sahin et al. (2016) to investigate the determinants of equity home bias in Turkey. Furthermore,
most recently, Taha and Tuna (2023) used the expanded ICAPM to examine investments in the
Turkish market, with consideration of regional variables. Despite the fact that these studies use
CAPM and ICAPM among a few others, there is a gap in the literature about considering the
comparison between the two.

Still, in general, CAPM shows significance mostly in developed markets. In the Turkish
financial market, there is not enough empirical evidence for reaching a conclusion on the validity
of different types of CAPM. This study is going to provide empirical evidence on 1) whether
CAPM is valid in the Turkish financial market; and 2) whether ICAPM is valid (by adding the
foreign exchange risk factor into the CAPM) in the Turkish financial market. Moreover, this study
compares two models to identify their respective explanatory powers.
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Table 1. A Summary of Key Findings on the Validity of CAPM Models in Various Financial Markets

/(A\;Jet:f ;Jsublished) :\I;I]gsﬁeind for %ﬁ;?;s?s()f Tested Model Brief Results / Conclusions
CAPM, Carhart Four
Arda et al. (2023) Istanbul Stock Panel Data Factor Model (C4F), Both the C4F and the FF3F models are appropriate for use in portfolio-
' Exchange Analysis FF3F and FF5F based investigations. In research based on firms CAPM is reliable.
Models
Kaya (2021) IIES;?:EZ?]IQ]?(OI;:(ST- ii%:i?;og CAPM, FF3 & FF5 CAPM, FF3F, and FF5F Models show significance. FF5 Model performs

100)

Spanning Test

the best among all.

Warsaw Stock

Cross-sectional

The downside CAPM was validated by the unconditional regressions,

Markowski (2020) Exchanae Regression Downside CAPM which also provide support for an existent risk premium. Risk-return
g Analysis relationships are dependent on the market.
Douala Stock Rearession The CAPM is not valid in DSX for individual variables or portfolios of
Offiong et al. (2020) gress CAPM three asset estimations of beta. However, the beta of the two asset
Market (DSX) Analysis . L . - :
portfolios shows significance and has a linear relationship.
Rearession As in several developed economies including the U.S., CAPM is effective
. Istanbul Stock gress CAPM, FF3F and in explaining variances in stock market returns. It is also applicable to
Giiler et al. (2018) Analysis and - - . S
Exchange GRS-F test FF5F Models emerging markets with dynamics that are distinct from those of developed
nations.
Aliyev and Soltanli Istanbul Stock Regression . . .
Exchange . CAPM CAPM is appropriate for the portfolio of the 12 banks.
(2018) - Analysis
Banking Sector
Ratra (2017) Indian Stock Regression CAPM CAPM is not applicable in NSE because the gap between expected
Market (NSE) Analysis outcomes and actual outcomes is excessively high at levels of typical risk.
. Istanbul Stock Regres§|on CAPM, FF3 & FF5 FF5 Model performs best, followed by the FF3 Model and the CAPM,
Erding (2017) Analysis & -
Exchange Models which are unable to account for excess return.
GRS-F Test
Maeda (2016) Japanese Stock Empirical CAPM, C4F, FF3F CAPM is a valid model for the JPX. For the Japanese stock market, the
Market (JPX) Review and FF5F Models author contends, the FF3F model is suitable.
Istanbul Stock
Eﬁﬁgﬁ:ﬁgnpmer Rearession Both Cement and Power generation & distribution industries are
Demircioglu (2015) Distribution Anglysis CAPM insignificant in this research which means there is no validity of CAPM in

sector & Cement
Sector

the mentioned sectors.
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The FF5F model explains more anomalies in asset pricing as compared to

Nhu et al. (2015) Vietnam Stock Multivariate CAPM, FF3F and the FF3F model and CAPM. Additionally, state ownership and stock return
' Exchange Regression FF5F Models are correlated with the value factor, with state ownership providing higher
average returns than private firms.
Ferreira and Monte Portuguese Stock Regression CAPM The multifactor model of the CAPM fits the data more closely than the
(2015) Exchange Analysis single-factor model, which is invalid.
Acheampond and Ghanaian Stock Rearession CAPM shows no statistically significant correlation between beta and stock
Pong gress CAPM returns, proving that the Ghanaian stock market returns were not predicted
Agalega (2013) Exchange Analysis
by the CAPM.
Verma (2011) mc?ecxl World ii%:ii?;on Conditional CAPM Both positive and negative conditional CAPM models are insignificant.
Croatian Stock Regression
Perkovic (2011) Market Analysis & CAPM CAPM is not a worthy model to use for making investment decisions.
(CROBEX Index) ANOVA
Indonesian stock Rearession The majority of CAPM research uses it for developed markets, for
Setyowati (2011) gress CAPM describing the Indonesian stock market return, the CAPM is an inadequate
exchange (IDX) Analysis ) .
model because IDX is an emerging market.
. . There is no validity of Unconditional CAPM in ASE but there is validity
. Athens Stock Regression Unconditional and . . . . ; ;
Theriou et al. (2010) Exchange (ASE) Analysis Conditional CAPM :/r;cae ?/lzjalrgzh market. Conditional CAPM shows a positive relationship and
CAPM & LCAPM LCAPM is more suitable than CAPM in explaining portfolio returns. Also,
Minovic and Serbian Stock Regression (Liquidity CAPM) there are several variables, including a lack of transparency and the
Zivkovi¢ (2010) Market Analysis g y relatively small size of the market, that add to the low liquidity of the
Models .
Serbian stock market.
Indian Stock . . . - . . -
Choudhary and Market BSE 500 Time Series CAPM CAPM is not sufficient to explain Beta in terms of finding expected returns
Choudary (2010) Index Analysis for the portfolio. Conclude that CAPM is invalid.
Trifan (2009) Romanian Stock Regression CAPM CAPM is |n5|gn|f|caqt, but one of the reasons can be tha_t the data taken in
Market Analysis this research from a time when there was a financial crisis
Amman Stock Rearession Unconditional and In bullish markets, the researcher discovered a high risk-return correlation,
Al Refai - 2009 gress . but in declining markets, he observed no such relationship for several of
Exchange Analysis conditional CAPM -
the portfolios.
. Both models show significance. Furthermore, for small countries, local
Knudsen (2009) MSCI Index iigzssszon :&(ﬁ‘;’l\: and CAPM CAPM and global CAPM do have not much difference, but for developed

economies, there is a big difference, and ICAPM is the preferred model.
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Time series and Cross-

CAPM and the FF3 Model are proven to be appropriate and

Gokgoz (2007) :Es)t(i?]gﬁl StOCk sectional Regressions, IC\:/I'?)\stle\fls& FF3 sustainable. In terms of pricing errors, the FF3 Model performs
g GRS-F test better than the CAPM.

Giirsoy and Rejepova  Istanbul Stock . _ The CAPM ]‘ailed to demonstrat_e validity in ISE sin_ce the

Regression Analysis CAPM researchers did not find any meaningful result to determine the
(2007) Exchange .

effect of market returns on the portfolio.

Michailidis et al. Greek Stock Rearession Analvsis CAPM Beta and excess stock return have no linear relationship. In other
(2006) Market g Y words, CAPM is not valid.
Karacabey and Istanbul Stock Rearession Analvsis Conditional CAPM Conditional CAPM is significant because conditional risk-return
Karatepe (2004) Exchange g Y is linked with developing the stock exchange.
Fraser et al. (2004) UK Stock Market GARCH-M model and the Conditional CAPM Conditional CAPM is performing better in a declining market as

QTARCH

compared to an upward-trend market.

UK, US and Japan
and Germany

The traditional CAPM, the ICAPM, and the dynamic CAPM are

Ng (2004) Regression Analysis ICAPM and CAPM all nestled within the model. For practical purposes, CAPM is
Stock and FX .
the best-performing model.
Markets
é\mgrlecaag,an d Rearession Analvsis & ICAPM can be used to examine how equities and government
Fearnley (2002) P g y ICAPM bonds are related. ICPAM explains more in stock markets as
Japanese Stock & GARCH
compared to bond markets.
Bond Markets
MS.CI Equity . Return and risk are indisputably positively correlated. The
Indices of 18 . . Unconditional and o . . .
Fletcher (2000) Regression Analysis " conditional relationship between risk and return supports the
Developed conditional CAPM . L
Markets model, proving the validity of both CAPMs.

Schramn and Wang

Portfolio of 18
companies from

Regression Analysis

ICAPM and CAPM

Traditional CAPM is better if the companies are not engaged in
foreign trade. But if the companies have international trade, then

(1999) S&P 500 and . .
MSCI ICAPM is more appropriate.

Dumas and Solnik UK, US, and . . ICAPM is more efficient than the traditional CAPM at
Japan Markets Regression Analysis ICAPM and CAPM L

(1993) . explaining the global rate of return.
Equity Indices
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Overall, divergent perspectives on the CAPM in various financial markets have been
emerging. One group of studies (Gokgoz, 2007; Maeda, 2016; Giiler et al., 2018; Kaya, 2021;
Arda et al., 2023, and among others) conclude that CAPM is valid. On the other hand, a different
group of studies (Setyowati, 2011; Verma, 2011; Acheampong and Agalega, 2013; Ratra, 2017;
Offiong et al., 2020, and among others) conclude that CAPM is not valid. A third collection of
studies (Dumas and Solnik, 1993; Schramn and Wang, 1999; Ng, 2004; Knudsen, 2009, among
others) claims that the ICAPM performs better than the CAPM. These differences highlight a
research gap that calls for an examination of the applicability of CAPM in the Turkish stock
market. This study aims to address this gap and compare the significance of CAPM and ICAPM,
adding to an effort in the context of the Turkish stock market.

3. Empirical Analysis

Empirical research-wise, we have two major objectives in this study. First, we assess the
significance of CAPM by identifying excess return (ER-Rf) and a risk premium (Rm-Rf)
relationship. If the correlation between excess return and risk premium is negative or positive,
this implies that the CAPM is significant in the stock index, which shows a bullish or bearish
trend in the market. Second, we look at the notion of whether there exists an exchange rate and
CAPM relationship. To verify this, we need to test the significance of CAPM on the index and
then add one more variable, the exchange rate.

3.1. Data

Data is obtained from 76 listed firms in BIST-100 and 28 listed firms in BIST-30 (two of
the main indices in ISE) for the 20102019 period. Thomson Reuters Database is the main source
of data, where we collected the data on stock markets, implied returns, and market returns, as well
as exchange rates. In addition, Turkish T-bills data is from the TCMB Data Portal. The daily
frequency data used in this research and the time span is from March 2010 to February 2019, i.e.,
10 years of data. After neglecting the missing data, we have unbalanced panel data with 76 firms'
10 years of daily data (76 x 2276 = 172.292 observations) for BIST-100 and 28 firms' 10 years of
daily data (28 x 2276 = 63.476 observations) for BIST-30 in our analysis.

3.2. Methodology

Panel data analysis is used in this research. First, for testing the validity of CAPM, there
are three variables: market prices (BIST index), risk-free return (rf), and BIST index registered
companies’ prices. Furthermore, by adding one more variable—the exchange rate—to the CAPM,
we test the validity of the ICAPM.

For risk-free return, after considering various options, the implied risk-free interest rate
(from Thomson Reuters Database) as used by Bianconi et. al (2015) pricing is decided to be used.*

1 Other options for risk-free rates are as follows: As a proxy for risk-free interest rate, Kaya (2021) prefer
to use overnight interest rate; Kara (2016) uses 365 days T-bill rate; Eraslan (2013) uses quarterly and bi-
annually T-bill rate; Erding (2017) uses 3-month Turkish Lira Interbank Offer Rate (TRLIBOR); and
Gokgoz (2007) uses Monthly Turkish Government Internal Loan Index (GIL).
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The difference between future and spot interest rates for the future is known as the implied interest
rate.

Compensation needed for an investor to accept more risk than T-bills or other government
bonds is determined by the other half of the CAPM formula. For this, one has to compare the
asset's historical returns to market returns and the market premium (rm + rf) using a risk measure
(beta).

In the typical CAPM, the following equation is applied to compute an asset's expected
return given its risk:

(E(RD) = Rf)it = Bo + B1(E(RmM) — Rf)ir + €;¢ (1)

where; E (Ri) : Expected return, Rf : Risk-free rate, 3, : Coefficient of the security, g, : Beta of
the security, Ri - Rf : Excess market return, Rm - Rf : Risk premium, &;; : Residuals.

The beta coefficient, according to CAPM, is used to measure systematic risk. This
description, however, may not tell the complete story. The activities of companies are subject to
the macroeconomic and institutional climate of the country in which they operate. Moreover, most
businesses have also expanded their activities beyond their home countries. This reality of open
economies creates more complex economic conditions for both domestic and international
companies.

CAPM is designed to consider a variety of risk factors. It is assumed that while taking non-
systematic risks should not be rewarded, taking systematic risks requires a higher return. Sharpe
(1964), Lintner (1965), and Black (1973) estimated CAPM and concluded that the results verified
its application, that it is a very elegant model, and that it is useful. It can assist investors in
enhancing their investment strategy by providing at least a point of comparison when evaluating
financial assets in terms of risk and return. Even certain researchers, such as Roll (1977),
contended that one cannot test CAPM since it is very difficult to create a “true market portfolio”.

We first evaluate the validity of the CAPM model, then add another risk element,
“exchange rate” and assess the model's significance. Finally, we'll compare which model has more
power to convey the market return.

Kassouri and Altintas (2020) found that real effective exchange rates such as USD/TRY
and EUR/TRY, interest rates, and money supply are among the market drivers since they have a
significant predictive capacity for stock market volatility at different frequencies. He et al. (2021)
also claimed that the exchange rate impacts the Turkish stock market negatively.

We use the BIST-100 and BIST-30 indices’ returns as a proxy for the market portfolio. We
tested both BIST-100 and BIST-30 with three pairs of exchange rates, which are USD/TL,
EURO/TL, and EUR/USD, as below:

(E(RD) — Rf)it = Bo + B1(E(Rm) — Rf)it + B2 (USD/TRY);¢ + &t (2)
(E(RD) — Rf)it = Bo + B1(E(Rm) — Rf )it + B2(EURO/TRY);r + & 3)
(E(RD) = Rf)it = Bo + B1(E(Rm) — Rf )it + Bo(EURO/USD); + & (4)

where; (E(Ri) — Rf): Excess return, (E(Rm)— Rf): Market risk premium, USD/TRY:
Exchange rate USD to TRY, EURO/TRY: Exchange rate EURO to TRY, EURO/USD: Exchange

rate EURO to USD, &;,= Residuals.
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3.3. Empirical Results

Table 2 presents the descriptive statistics. The results regarding BIST-100 and BIST-30 for
10 years of data according to descriptive statistics, the significant difference in ranges between
BIST-100 and BIST-30 implies that the two indices' excess returns have different levels of
variability and dispersion. BIST-100, as a broader market index, has a wider range, meaning
higher variability in excess returns than the more targeted BIST-30. The exchange rate variables
USD/TL and EUR/TL show high fluctuations, while EUR/USD shows more stability. Investors
and analysts can look at the range to determine the degree of return dispersion roughly, which can
help them understand and manage the risks associated with various market indices.

According to previous research, Byrne (2013) and Hair et al. (2010) discussed that data is
normally distributed if kurtosis is between 7 and +7 and skewness is between 2 and +2. Our data
is within the range of skewness and kurtosis as described above by Byrne (2013) and Hair et al.
(2010), so we can say that all data are normally distributed.

Table 3 and Table 4 present pooled ordinary least squares (Pooled OLS) estimation results
for the BIST-30 index and the BIST-100 index, respectively. The baseline Model (Model 1) has
a single explanatory variable, the market risk premium, and a single dependent variable, the
excess return. Models 2 - 4 introduce single control variables to baseline Model 1, which are i)
the exchange rate between USD (U.S. Dollars) and TRY (Turkish Lira) for Model 2, ii) the
exchange rate between the EURO and the TRY for Model 3, and iii) the EURO-USD exchange
rate for Model 3, respectively.

Table 2. Descriptive Statistics

Descriptive B('é&lszo BIST-100 E("Ef;eff BIST-30 USD/ EUR/ EUR/
Analysis Return) (Rm-Rf) Return) (Rm-Rf) TRY TRY USD
Mean 20.039 -0.038 -0.039 0.039 2654 3204 1238
Standard Deviation 0.030 0.026 0.031 0.026 1.127 1.186 0.112
Sample Variance 0.001 0.001 0.001 0001 1271 1406 0.012
Kurtosis 6.394 2.752 3.341 3292 1076 1.886 -1.271
Skewness -0.507 -0.555 -0.367 -0.940 1240 1496 0.021
Range 1.016 0.283 0.453 0315 5491 5939 0.449
Minimum -0.787 -0.182 -0.243 0248 1.388 1.894 1.039
Maximum 0.228 0.101 0.211 0068 6.880 7.833 1.487
No. of 172292 172292 63 476 63476 2267 2267 2267

Observations

Table 3 presents Pooled OLS estimation results for BIST-30. In Baseline Model 1,
coefficient of market risk premium is statistically significant at the 1% confidence level, and it is
negative, suggesting that there is a negative association between the risk premium and the excess
return for the period of analysis. In Models 2-3, coefficients of market risk premium are also
statistically significant at the 1% confidence level, with a negative sign. In Model 4, coefficient
is also negative, however not statistically significant. Note that coefficient values increase when
we incorporate exchange rate to the model.
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Table 3. Pooled OLS Estimation Results for BIST-30

Model 1 Model 2 Model 3 Model 4

0.046%*%  -0.737%**  -0.7609%**  -0.1835
E(Rm)-Rf (0.000) (0.000) (0.000) (0.234)
USD/TRY -0.026™**

(0.000)
L0.025%%*
EURO/TRY 0,000
0.099%**

EURO/USD (6.000)
Constant L0.039%%%  -0.003%*  0.015%**  -0.168**

(0.000) (0.000) (0.000) (0.033)
Adjusted R-squared 0.152 0.521 0.536 0.108
No. of Observations 63 476 63 476 63 476 63 476

Notes: *, ** and *** represent significance at 10%, 5%, and 1% levels, respectively. Probabilities
are given in parentheses. Baseline Model 1 has a single explanatory variable, the market risk premium,
and a single dependent variable, the excess return. Models 2 - 4 introduce single control variables to
baseline Model 1, which are i) the exchange rate between USD and TRY for Model 2, ii) the exchange
rate between the EURO and the TRY for Model 3, and iii) the EURO-USD exchange rate for Model
3, respectively.

Negative sign of market risk premiums can be associated with the effects of exchange rates,
as well as other country-specific macroeconomic circumstances during the analysis period. The
effect of these factors is also evident in the goodness of fit level of adjusted R-squared statistics.
In the baseline CAPM model for BIST-30, this statistic is 15 percent, while it is approximately
53 percent after including exchange rate variables in Models 2-3, which demonstrates that
exchange rates play a substantial role in the BIST-30. The effects of USD/TRY and EUR/TRY
on BIST-30 index return is expected because the top 30 index companies are mostly in the
manufacturing, financial institutions, petroleum refinery, and technology sectors, which are
highly affected by exchange rates. According to the statistics provided by TUIK (Turkish
Statistical Institute) and OEC (Observatory of Economic Complexity), the highest-level import
of Turkey is from scrap iron, which is an essential element of manufacturing. Banks are also
highly affected by exchange rate fluctuations because their reserves depend on the exchange rates.
Refined gasoline is one of the biggest imports in the energy sector. Overall, since Turkey exports
raw materials at low prices and buys them back in the form of finished products at higher prices,
almost all sector trade balances are negative, and sector BIST-30 index responds to the exchange
rate accordingly as expected in all of the three models.

In sum, our findings from Table 3 suggest three results. First, since CAPM variables are
significant in Baseline Model 1, therefore it is a valid asset pricing model in BIST-30. Similar
results were found in the previous empirical literature (see, Karacabey and Karatepe, 2004;
Gokgoz, 2007; Erding, 2017; Aliyev and Soltanli, 2018; Kaya, 2021, among others). Second,
when we incorporate exchange rates in Models 2 and 3, we find that ICAPM variables are
significant, therefore it is also a valid model in BIST-30. Third, when we compare the two models,
we observe a gradual increase in the goodness of fit levels, implying that ICAPM explains far
more than CAPM for BIST-30. This result is consistent with the results of studies that focus on
capital markets in developed economies (see, Dumas and Solnik, 1993; Schramn and Wang, 1999;
Ng, 2004; Knudsen 2009, among others).
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Table 4 presents Pooled OLS estimation results for BIST-100. In all models of BIST-100,
the risk premium coefficient is statistically significant at the 1% level of confidence level. In the
baseline Model 1 and Model 4, the coefficients for the market risk premium are positive, whereas
they are negative in Models 2 and 3. When we compare the baseline CAPM for BIST-30 and
BIST-100, we observe that unlike for BIST-30, the coefficient for the market risk premium in the
baseline CAPM (Model 1) is positive for BIST-100. In addition, the explanatory power of the
baseline CAPM is also higher in BIST-100, when compared with as of BIST-30. These
differences in two aspects can be attributed to BIST-100 being more inclusive, and also better
diversified, as compared to BIST-30.

Table 4. Pooled OLS Estimation Results for BIST-100

Model 1 Model 2 Model 3 Model 4
ERm)-RT 0.820%%%  -0.713%*  -0.710"* __ 0.806***

(0.000) (0.000) (0.000) (0.000)

10.026%**
USD/TRY ©000)
-0.025%%
EURO/TRY ©000)
0.099%*+

EURO/USD (0.000)

0.039%%* 0,003  0.015%*  -0.168%*
Constant (0.000) (0.000) (0.000) (0.033)
Adjusted R-squared 0.530 0.545 0.545 0.533
No. of Observations 172 292 172 292 172 292 172 292

Notes: *, **, and *** represent significance at 10%, 5%, and 1% levels, respectively. Probabilities are
given in parentheses. Baseline Model 1 has a single explanatory variable, the market risk premium, and
asingle dependent variable, the excess return. Models 2 - 4 introduce single control variables to baseline
Model 1, which are i) the exchange rate between USD and TRY for Model 2, ii) the exchange rate
between the EURO and the TRY for Model 3, and iii) the EURO-USD exchange rate for Model 3,
respectively.

Our findings from Table 4 for BIST-100 suggest similar results from Table 3 for BIST-30,
despite the differences in coefficients’ signs. First, we conclude that both CAPM and ICAPM are
valid in BIST-100. Second, when we compare the two models, we observe a slight increase in the
goodness of fit levels, implying that ICAPM explains more than CAPM for BIST-100, although
the difference is not as much as BIST-30. It is likely that a big part of this sensitivity to exchange
rates comes from BIST-30 companies since BIST-100 includes BIST-30. Moreover, some of the
sectors in BIST-100 such as food & beverages, travel & logistics, and textiles are crucial sectors
in terms of performing well in times of high volatility in exchange rates.? With the support of
these sectors, the BIST-100 index does not show as much sensitivity as BIST-30, which is
observed in Models 2, 3, and 4.

2 Companies in BIST-100 index are mostly in the industries of manufacturing, financial institutions,
petroleum refinery, travel & logistics, food & beverages, textiles & fabrics, and technology. According to
the statistics provided by Observatory of Economic Complexity (OEC) and the World Integrated Trade
Solution (WITS), In Turkey the largest export sector is textiles and apparel ($27 million), which is almost
three times higher than imports ($9 million). Food and products are worth $8 million, almost double imports
(%4 million). The livestock sector is almost three times as large ($2.4 million) as imports ($0.8 million).
Except for these sectors, all sectors have almost zero trade balance or a strongly negative trade balance.

36



M. Muddasir & G. Kulali “The Validity of CAPM and ICAPM in the Istanbul Stock Exchange”

All in all, the findings shed light on the application of CAPM and ICAPM in the Turkish
stock market, as well as their respective explanatory powers. First, we find that the CAPM and
the ICAPM is both valid in BIST-30 and BIST-100 indices of ISE. Second, we find that the
explanatory power of ICAPM is far more than the CAPM in BIST-30, suggesting that BIST-30
companies are highly sensitive to exchange rates. However, for BIST-100, we don’t find as much
difference, other than slightly higher value of adjusted R-squared after adding exchange rates to
the baseline model. The goodness of fit level in the CAPM model for BIST-30 is 15 percent. The
ICAPM model, on the other hand, describes the model with a goodness of fit level of around 53
percent after including exchange rate variables, demonstrating that exchange rates play a
substantial role in the BIST-30. On the other hand, according to the CAPM model for BIST-100,
the market risk premium can account for about 53 percent of the variation in stock return. While
the ICAPM is used to demonstrate the model that an exchange rate with excess return is
explaining a little bit more than a standard CAPM (with an R-square value of around 54.5
percent). These findings implies that explanatory power of CAPM and ICAPM are similar in
BIST-100, suggesting that these companies have a lower sensitivity to exchange rates. A possible
explanation of the significant role of exchange rate comes from trade facts.

4. Concluding Remarks

Current debates and verifications regarding the validity of CAPM and ICAPM in emerging
market stock exchanges remain inconclusive. To contribute to this strand of empirical literature,
this study aims to answer the following research question: Are CAPM and ICAPM valid in the
Istanbul Stock Exchange (ISE)? Moreover, this paper also compares the explanatory powers of
the two models. To make such an analysis, we use an unbalanced panel of 28 companies’ daily
stock returns in the BIST-30 index and 76 companies in the BIST-100 index, from March 2010
to February 2019.

This study contributes to the literature by shedding light on the usefulness of both models
in the context of the Turkish capital market for the analysis period. Various empirical research
gives opposing evidence and viewpoints on the validity of the CAPM in different markets of ISE.
Some research supports the validity of CAPM, while others argue against it. Additionally, the
number of studies about the validity of ICAPM in ISE is limited. This study attempts to contribute
to filling this gap by investigating the application of CAPM in the Turkish stock market and
comparing it to ICAPM. In sum, the two primary focuses of this study are to find: i) whether the
two models are valid in ISE, ii) which model is better suited, by comparing the relevance of the
two.

The findings of this study show that both linear CAPM and linear ICAPM models are valid
in both BIST-100 and BIST-30. Moreover, ICAPM outperforms CAPM in explaining the stock
returns for both indices. This outperforming is especially more pronounced for BIST-30 than
BIST-100. In conclusion, both models are applicable for the exercises of forecasting stock returns.

3 Turkish industry exports raw materials at low prices and purchases them back as finished goods at higher
prices. As a result, the trade balance is negative for the BIST-30 (Turkey (TUR) Exports, Imports, and
Trade Partners | OECworld, 2020). Because it relies heavily on imports for exports, exchange rates have a
significant impact on it. Whereas BIST-100 is less sensitive to the exchange rate fluctuations as compared
to BIST-30. The food and the textile industries being the biggest exports of Turkey (Turkey Trade Balance,
Exports, Imports by Country, and Region 2020 | WITS Data, 2023), helps to balance imports and exports.
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However, it would be better to use the ICAPM model rather than the CAPM model for both
indices since the ICAPM model more adequately explains the overall model for BIST-30 and
BIST-100, when compared to CAPM. Especially for BIST-30, ICAPM's greater explanatory
power suggests that the exchange rate is an important component in the Turkish market.
Furthermore, it is undisputed that exchange rates have an essential influence on the capital
markets of other emerging markets, too.

Based on these findings and facts, we suggest that investors may mitigate the risk by
prioritizing BIST-100 over BIST-30 when constructing their portfolios to reduce the risk of
fluctuating exchange rates in Turkey since exchange rate-related diversification is greater in
BIST-100. The BIST-30 index is heavily dependent on imports, which explains why the exchange
rate has such a larger impact, while the BIST -100 index is less dependent on imports because the
food & beverages, travel & logistics, and textile industries help balance imports and exports.

The ICAPM's importance in the Turkish market emphasizes the importance of considering
local and global economic issues, notably exchange rates when examining investment
opportunities and risk exposures. This has ramifications for investors, policymakers, and financial
analysts, stressing the Turkish market's interconnection with global economic dynamics and the
significance of incorporating these elements into investment decision-making processes. Based
on our findings, our recommendation for investor protection policies to consider the significant
role of exchange rates in the construction of asset prices. Specifically, policy instruments to
improve the context for hedging opportunities would be of crucial importance. This way,
investors’ confidence in Turkish capital markets would also increase. This increase in investor
confidence will contribute to a healthier development of the relationship between risk and
expected return and will ensure a healthier balance of financial asset prices in the market. The
widespread effect of this will be to contribute to the development of capital markets.

The models utilized in this study have limitations that are dependent on how effective the
capital market is (see, Megginson, 1997; Foerster and Sapp, 2005; Brealey et al., 2014, among
others), which can be described as follows. CAPM assumes that financial markets are efficient,
meaning that all applicable information is contained in the prices of securities. In this context,
earning abnormal returns consistently using publicly available information is not possible. If
markets were inefficient, and if some investors had access to privileged information, then the
returns from securities would not be solely dependent on their systematic risk as CAPM assumes.
Moreover, while coping with risk management measures in the stock market, the possibility of an
asymmetric benefit-loss relationship with future returns must be considered. Substantial certainty-
equivalent gains are produced through return asymmetries, which boost the weight of emerging
countries to roughly 30%. Investing in emerging markets appears to be about having a bigger
anticipation of the upside than the downside (Ghysels et al., 2016). The findings of the study have
implications for investors and policymakers, providing insights into the reliability of widely used
asset pricing models, particularly in emerging countries such as Turkey. Recognizing constraints
can help practitioners refine investment strategies and enlighten policymakers about the
importance of complex risk management approaches in the dynamic landscape of developing
market economies.

Future research for a better understanding of the CAPM and the ICAPM may be achieved
by incorporating global and domestic macroeconomic factors in the analysis, which may provide
a more accurate assessment, or by exploring the role of across different asset classes to understand
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models’ applicability to each class. Furthermore, investigating the relevance of these models
across different asset classes, including the addition of variables such as Environmental, Social,
and Governance (ESG) criteria, could provide a more thorough knowledge of their application in
multiple market segments. Finally, the study may also be expanded by considering local
characteristics such as country risk and oil price risk exposures, emphasizing their importance in
understanding the shifting dynamics of the Turkish capital market and also potentially other
emerging markets.
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Abstract

This study examines the effect of day-of-the-week, month-of-the-year, and
turn-of-the-month anomalies on NFT coins (Stacks, Tezos, and Decentraland)
and Bitcoin. To this end, the generalized autoregressive conditional
heteroscedasticity (GARCH) model was employed over the period 2019—
2023. Based on the day-of-the-week anomaly results, Bitcoin has lower returns
on Thursdays and Fridays, and Stacks has lower returns on Wednesdays. The
remaining coins do not exhibit that anomaly. According to the month-of-the-
year effect results, all evaluated coins generate abnormal returns in January.
Moreover, positive returns are also reported in February for Tezos,
Decentraland, and Bitcoin. Additionally, Bitcoin has positive returns in March
as well. Furthermore, besides January, Stacks has significantly positive returns
in April and May. Finally, the results of the turn-of-the-month anomaly
suggest that only Stacks has statistically significant and positive returns on the
last day of the month and the next three days. The remaining cryptocurrencies
do not have such an anomaly. Overall, the findings of this study suggest the
existence of calendar anomalies in the cryptocurrency market that contradict
the assumptions of market efficiency. By using these outcomes, investors may
develop trading strategies for their portfolio selection; hence, by taking
advantage of the market, they could earn unusual profits.

Oz

Bu caligma, haftanin giinii, yilin ay1 ve aym doniisii anomalilerinin NFT
coinleri (Stacks, Tezos ve Decentraland) ve Bitcoin tizerindeki etkisini
incelemektedir. Bu amagla, 2019-2023 donemi icin genellestirilmis
otoregresif kosullu degisen varyans (GARCH) modeli kullanilmigtir. Haftanin
giinli anomalisi sonuglarina gore, Bitcoin persembe ve cuma giinleri, Stacks
ise ¢arsamba gilinleri daha diigiik getiri saglamaktadir. Diger kripto paralarda
bu anomali goriilmemektedir. Yilin ay1 etkisi sonuglarina gére, degerlendirilen
tim kripto paralar ocak ayinda anormal getiri saglamaktadir. Ayrica, Tezos,
Decentraland ve Bitcoin igin subat ayinda da pozitif getiriler rapor edilmistir.
Ek olarak, Bitcoin mart ayinda da pozitif getiriye sahiptir. Ayrica, ocak ayinin
yani sira, Stacks Nisan ve Mayis aylarinda 6nemli 6l¢iide pozitif getiriye
sahiptir. Son olarak, ay doniimii anomalisinin sonuglari, yalnizca Stacks'in
ayin son giiniinde ve sonraki ii¢ giinde istatistiksel olarak anlamli ve pozitif
getirilere sahip oldugunu gostermektedir. Geri kalan kripto para birimlerinde
boyle bir anomali bulunmamaktadir. Genel olarak, bu ¢alismanin bulgulari
kripto para piyasasinda piyasa etkinligi varsayimlarini ihlal eden takvim
anomalilerinin varli§ina isaret etmektedir. Yatirimecilar bu sonuglari
kullanarak portfdy se¢imleri icin alim satim stratejileri gelistirebilir;
dolayistyla piyasadan faydalanarak olagandisi karlar elde edebilirler.
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1. Introduction

Since the beginning of the 2000s, the rapid growth of cryptocurrencies has attracted the
interest of numerous investors, scholars, media, and policymakers. Satoshi Nakamoto, an
unidentified person, or entity founded Bitcoin (BTC) in 2009. After the development of BTC,
around 4000 alternative cryptocurrencies evolved (Pintelas et al., 2020). Initially regarded only
as a way to exchange money, cryptocurrencies are now considered enticing investment
opportunities (Jay et al., 2020). Therefore, investors and academics have spent a great deal of time
and attention figuring out whether cryptocurrency pricing and movements are predictable (Ergun
and Karabiyik, 2021). Specifically, to better understand market efficiency, many academics
studied whether calendar anomalies exist on cryptocurrency marketplaces.

Calendar anomalies contradict the findings of Fama’s (1970) Efficient Market Hypothesis
(EMH) which states that all available information is reflected in the asset prices, hence it is not
possible to earn abnormal profits by following the trend. Many studies, however, demonstrate that
anomalies exist in most financial markets, and as a result, stock values tend to be systematically
different at specific times, and investors may earn abnormal profits during these periods. The day-
of-the-week (DoW), month-of-the-year (MoY), and the turn-of-the-month (ToM) are among the
most popular calendar anomalies, which are also the focus of this study. According to the DoW
anomaly, the returns varied substantially on certain days. For example, early studies indicated that
returns are lower on Mondays than on other days (Cross, 1973), but more recent investigations
found that this impact has vanished from the markets and that Mondays now have higher returns
than other days (Qadan and Aharon, 2022). MoY anomaly reflects the abnormal returns in any
month of the year compared to other months. For example, returns in January are typically higher
than in other months, as Wachtel (1942) noted. The ToM anomaly, on the other hand, implies that
there is an upward trend in average stock returns on the final trading day of the month and the
following three trading days (Lakonishok and Smidt, 1988).

Although calendar anomalies have been thoroughly investigated in the literature for a
variety of cryptocurrencies, the findings appear to be contradictory in terms of their presence,
despite the fact that many results suggest that the market is not efficient. Furthermore, prior
studies have primarily focused on BTC and other popular altcoins, but to the best of the author's
knowledge, calendar anomalies have not before been examined for non-fungible tokens (NFTSs).
NFTs are cryptographic assets with unique properties that cannot be substituted by another token,
and each NFT has only one owner (Ante, 2022). In addition to the digital assets they sell, NFTs
also have linked cryptocurrencies that are traded in the cryptocurrency market. They are
exchanged in crypto marketplaces (such as Binance) like regular cryptocurrencies, and they
influence determining the market value of their associated NFT projects (Gunay and Muhammed,
2022). Understanding the market efficiency of NFT coins is particularly important because they
are a unique, relatively new, and growing market in comparison to traditional cryptocurrencies,
so individual investors probably constitute the majority of the market who may lack the ability to
prevent these calendar anomalies.

The purpose of this study is to investigate the impact of three selected anomalies on NFT
coins, including DoW, MoY, and ToM effects. Stacks (STX), Tezos (XTZ), and Decentraland
(MANA) are chosen to represent the NFT coin market based on market capitalization and
available price history. BTC is included in the analysis to compare findings to the traditional
cryptocurrency market. To this end, the generalized autoregressive conditional heteroscedasticity
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(GARCH) model is applied as an econometric method, and the daily data spans the period 2019-
2023. The contribution of this study is threefold. First, while prior studies examined several
anomalies in traditional cryptocurrencies, none of them considered NFT coins, hence the current
study will fill this gap. Second, because anomalies might disappear or reappear over time, the data
may provide insight into whether the anomalies are still persistent for BTC returns in the recent
timeframe. Third, the findings may provide useful information concerning cryptocurrency
hedging strategies and portfolio selections.

In the following parts, first, the literature will be summarized; second, the data and
methodology will be explained; third, the empirical results will be discussed; and finally, the
paper will be concluded with discussion, suggestions for future research, and policy implications.

2. Literature Review

Although seasonal/calendar anomalies are widely researched for stock markets (i.e., Cross,
1973; Barone, 1990; Ariss et al., 2011; Cilingirturk et al., 2020; Ozic, 2023), the studies that
focused on the cryptocurrency market are relatively brand new and still need more examination.
Table 1 summarizes the studies chronologically that investigated the effect of several anomalies
on the cryptocurrency market. While the DoW effect is the most studied anomaly in the analysis,
BTC, which has the biggest market capitalization, is the most examined cryptocurrency. The
earliest study that analyzed the DoW effect on BTC returns was conducted by Kurihara and
Fukushima (2017) for the time frame 2010-2016. They divided the period into two subperiods
and found that while the anomaly occurs on weekends in the first subperiod, it tends to disappear
in the second. Aharon and Qadan (2019) and Ma and Tanizaki (2019) examined the DoW effect
on BTC return and volatility for the period 2010-2017 and 2013-2018, respectively. Aharon and
Qadan (2019) found that on Mondays BTC returns and volatility tend to be higher. Additionally,
Ma and Tanizaki (2019) concluded that BTC volatility is higher not only on Mondays but also on
Thursdays. Mbanga (2019), on the other hand, studied whether the BTC price clustering resulted
from the DoW effect, and found that prices cluster mostly on Fridays.

Some studies included other altcoins besides BTC in their analyses to measure the DoW
effect. Dorfleitner and Lung (2018) investigated eight cryptocurrencies and found significantly
negative returns on Sundays. On the other hand, Caporale and Plastun (2019) stated that among
the four cryptocurrencies they analyzed, only BTC showed the DoW anomaly on Mondays. Yaya
and Ogbonna (2019) examined thirteen cryptocurrencies and concluded that none of their returns
are affected by the DoW anomaly, but the volatility of BTC is different on Mondays and Fridays.
Tosunoglu et al. (2023) employed an artificial neural networks (ANN) algorithm to explore the
DoW impacts on BTC, Ethereum, and Cardano and observed that only BTC exhibited it. Lastly,
Verma et al. (2023) investigated the effect of DoW on six cryptocurrencies and did not find any
statistically significant results. Although the results between the studies differ according to the
econometric model used and the period considered, it is generally found that BTC shows a DoW
effect, especially on Mondays.
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Author(s) Anomalies Cryptocurrencies Methodology Period
Kurihara and Fukushima (2017) DoW BTC OLS & RLS 2010-2016
Eyuboglu (2018) DoW, MoY BTC, Litecoin GARCH 2013-2017
Dorfleitner and Lung (2018) Dow BTC, Litecoin, Dash, Ether, Ripple, £ apeyy 2015-2018
Monero, Stellar Lumens, Nem
Aharon and Qadan (2019) DoW BTC OLS & GARCH 2010-2017
Baur et al. (2019) DoW, Time-of-the-day, MoY  BTC Heatmaps 2011-2017
Caporale and Plastun (2019) DoW BTC, Litecoin, Ripple, Dash :/\t/Z?ItlsAgl(_)Sv A, Kruskal- 2013-2017
Cimen (2019) Day-of-the-month, ToM BTC, Litecoin, CCI30 GARCH 2015-2019
Fraz et al. (2019) DoW, MoY BTC OLS 2013-2017
Mondav and weekend BTC, Bitcoin Cash, Cardano, DASH,
Kaiser (2019) y ’ Ethereum, IOTA, Litecoin, NEO, OLS & GARCH 2013-2018
January, Halloween X
Ripple, Stellar
Ma and Tanizaki (2019) Dow BTC (S)tfghas“c Volatility & 2013-2018
Mbanga (2019) DoW BTC M-Values 2011-2018
BTC, Dash, Digibyte, Doge, Ethereum, Eractional Inteqration
Yaya and Ogbonna (2019) DowW Litecoin, Maidsafecoin, Monero, Nem, : g 2015-2019
. . Regression
Ripple, Stellar, Verge, Vertcoin
Susana et al. (2020) Day-of-the-month, ToM, End- BTC, Ethereum, Tether, XRP, Bitcoin GARCH 2017-2020
of-the-year Cash
. GARCH with
Dumrongwong (2021) Monday, January, Halloween B.TC’ I_Ethereum, Ripple, Tether, quasi-maximum likelihood 2010-2020
Litecoin
_ _ (QML)
('é'gzai‘;der and Papavassiliou DoW, MoY, Halloween BTC GIR-GARCH 2013-2019
ToM. Monday. Januar BTC, Ripple, Litecoin, Monero, Dash,
Khuntia and Pattanayak (2021) j 4 Y Dogecoin, Bitshares, Verge, GARCH & Kruskal-Wallis 2014-2019
Weekend Bytecoin
Kumar (2022) ToM BTC, Ethereum, Litecoin OLS & GARCH 2015-2021
Lopez-Martin (2022a) Ramadan BTC, Ethereum, Ripple, Stellar, EGARCH & GJR-GARCH 2012/8-2021

Litecoin, Binance Coin
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Lopez-Martin (2022b)

DoW, MoY

BTC, Ethereum, Ripple, Monero, EQS,
Bitcoin Cash, BinanceCoin, Litecoin,
Stellar, Dash, Zcash

OLS, ANOVA & Friedman
Tests

2012/7-2020

Weekend, Weekly, MoY,

Cardano, Binance Coin, BTC, Pancake
Swap Coin, Dogecoin, Polkadot,

Ossola (2022) Ethereum, Litecoin, Terra Classic, oLS 2013/7-2022
Halloween . .
Polygon, Shiba Inu, Solana, Uniswap,
Monero, Ripple
DoW, Fourth and fifth
Monday of the month, Friday
the 13™, Halloween, October, .
Qadan et al. (2022) ToM, Week-of-the-year, BTC, Ethereum, Litecoin, Ripple, =, o 2011/6-2020
s . Dash, Monero, Nem, Ethereum Classic
Within the month, intra-
quarter, SAD, Lunar cycle,
Holiday
OLsS,

January, Halloween, Second

CCI30, BTC, Ethereum, XRP, Litecoin,

CAPM, Fama-French’s

Almosfi (2023) quarter, Monday Stellar three factors & Carhart’s 2015-2020
Four factors

Ergun (2023) SAD Cardano, Tron, Stellar OLS 2018-2023

. " BTC_Cash, Binance Coin, BTC,

Imre Biyrkli and Ozaydin DoW, MoY, ToM, New Year,  c\dano, Ethereum, ChainLink, GARCH 2018-2021

(2023)

End-of-the-year

Litecoin, Theta, XRP

Kahraman (2023)

DoW, MoY, Time-of-the-day

BTC, Ethereum

GARCH, EGARCH,

2015/7-2022

TGARCH
Naz et al. (2023) DoW, January BTC, Dash, Ethereum, Litecoin, Ripple MGARCH 2015-2020
Tosunoglu et al. (2023) Dow BTC, Ethereum, Cardano ANN 2018-2022
Vasileiou (2023) ToM BTC, Ethereum EGARCH 2017-2021
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The second most examined calendar anomaly is the MoY effect, and studies commonly
investigated this anomaly together with the DoW effect. Eyuboglu (2018) analyzed the effects of
DoW and MoY on BTC and Litecoin returns. The results indicate that BTC returns are higher on
Mondays, Tuesdays, and Fridays; and Litecoin returns are lower on Saturdays. Among the
months, in February, October, and November BTC returns tend to be positive; and in August
Litecoin returns tend to be negative. Fraz et al. (2019) examined only BTC and similar to the prior
studies they found that on Mondays and in November the returns are significantly different.
Moreover, Lopez-Martin (2022b) investigated eleven cryptocurrencies and concluded that DowW
and MoY effects are present especially on Thursdays and in November, respectively. In addition
to the DoW and MoY effects on BTC returns, Baur et al. (2019) incorporated the time-of-day
effect in their research and concluded that these anomalies are not long-lasting. Similarly,
Kahraman (2023) examined the DoW, MoY, and time-of-the-day effects on BTC and Ethereum
and found the existence of calendar anomalies in the cryptocurrency market.

Furthermore, several studies focused on specific days (Mondays, weekends), months
(January), and holidays (Halloween, Ramadan) in their research. Kaiser (2019) examined
Monday, weekend, January, and Halloween effects on returns, trading volume, volatility, and
spreads of ten cryptocurrencies. Trading volume, volatility, and spreads are found to be lower in
January, on weekends, and throughout the summer. Similarly, Dumrongwong (2021) analyzed
the effects of Monday, January, and Halloween on five cryptocurrencies. Abnormal returns are
observed in January for Ethereum, and on Mondays for Litecoin. Kinateder and Papavassiliou
(2021) considered the Halloween effect together with the DoW and MoY effects for BTC returns
and volatility. The results indicate that the volatility is lower on weekends and in September, and
there is also a reverse January effect. Ossola (2022), on the other hand, investigated weekend,
weekly, monthly, and Halloween effects for fifteen cryptocurrencies. While significant Monday,
Thursday, and Friday impacts are found, the Monday effect appears to be more prevalent in the
last week of the month, while the Friday effect appears to be more prevalent in the second week
of the month. Furthermore, there are February, April, and May impacts, which are congruent with
the holiday and Halloween effects (Ossola, 2022). Almosfi (2023) analyzed the January,
Halloween, Monday, and additionally, second-quarter effects for five cryptocurrencies and
cryptocurrency index (CCI30), and the findings show the January effect only for Ethereum. Naz
et al. (2023) also investigated the DoW and January effects for five cryptocurrencies and found
that positive abnormal returns are present on Mondays and in December. Moreover, imre Biyikli
and Ozaydin (2023) investigated the DoW, MoY, ToM, New Year and end-of-the-year effects on
nine cryptocurrencies and concluded that calendar anomalies are present in the cryptocurrency
market.

Moreover, the ToM and day-of-the-month impacts are among the most commonly studied
calendar anomalies. Cimen (2019) examined these anomalies for BTC, Litecoin, and CCI30, and
found a statistically significant ToM effect for CCI30 and Litecoin. Similarly, Susana et al. (2020)
analyzed the ToM effect together with DoW and year-end effects for five cryptocurrencies.
According to the results, on Thursdays, in March and April, and at the turn of the year abnormal
returns are observed. Khuntia and Pattanayak (2021) studied ToM, Monday, January, and
weekend effects for nine cryptocurrencies, and stated that these calendar anomalies vary across
time. Moreover, imre Biyikl1 and Ozaydin (2023) investigated the DoW, MoY, ToM, New Year
and end-of-the-year effects on nine cryptocurrencies and concluded that calendar anomalies are
present in the cryptocurrency market. Kumar (2022) investigated the impact of ToM on BTC,
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Ethereum, and Litecoin, and found positive returns during the ToM. Also, Vasileiou (2023)
investigated and proved the existence of ToM anomaly for BTC and Ethereum. Additionally,
apart from prior research, Ergun (2023) analyzed the seasonal affective disorder (SAD) effect on
three selected green cryptocurrencies but found no impact. Finally, Qadan et al. (2022) conducted
a comprehensive study including several anomalies and investigated the effects of these selected
anomalies on eight cryptocurrencies. They concluded that anomalies detected in BTC do not
apply to other cryptocurrencies, and vice versa. However, the results suggest that the within-the-
month effect is present in all analyzed cryptocurrencies.

3. Data and Methodology

In addition to the digital assets they offer, NFTs have associated coins and tokens that are
traded on the cryptocurrency market. Based on their market capitalization as of 17 October 2023,
Table 2 presents the top ten listed NFT coins, and their date of establishment®. Three
cryptocurrencies are chosen for examination based on their trading history and market
capitalization: STX, XTZ, and MANA. Additionally, BTC is used to represent the overall market
and to revisit each anomaly for the current period.

The data period, which is roughly 4 years, spans the period from October 30, 2019, to
October 19, 2023. The longest period that is available has been considered to generate more
satisfying results, and the cryptocurrencies that have less than four years of trading history are
excluded from the analysis. The daily closing USD prices of the selected cryptocurrencies are
obtained from https://finance.yahoo.com/. Since the cryptocurrency market is operating 24/7, the
coinmarketcap website identifies the opening and closing times as 12:00 AM (00:00) and 11:59
PM (23:59) UTC, respectively.

Table 2. Top Listed NFT Coins

Rank Name Start Date
1 Internet Computer (ICP) 10.05.2021
2 Render (RNDR) 11.06.2020
3 Stacks (STX) 29.10.2019
4 Immutable (IMX) 06.11.2021
5 Axie Infinity (AXS) 04.11.2020
6 The Sandbox (SAND) 14.08.2020
7 Tezos (XTZ) 09.11.2017
8 Decentraland (MANA) 09.11.2017
9 Theta Network (THETA) 17.01.2018
10 Flow (FLOW) 29.01.2021

The following Equation (1) calculates the natural logarithmic returns of each
cryptocurrency | on trading day t (ri,t) where pi,t, and pi,t-1 indicate the closing prices of
cryptocurrency | on trading day t and t-1, respectively:

Prt
rie = In : Q)
b (pl,t—1>

1 Retrieved from Coinmarket (2023) (accessed on 17.10.2023).
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Since most financial time series include a heteroscedasticity problem, the GARCH model
is recommended for the examination of the effects of calendar anomalies. The GARCH model
was developed by Bollerslev (1986) and Taylor (1986) as an extension of Engle’s (1982)
autoregressive conditional heteroscedasticity (ARCH) model, where heteroscedasticity could be
included in the estimation process.

In the following equation (2), which describes GARCH (p,q), ot and o are the conditional
variance of returns at time t and t-j, respectively; and ao, ou, and B are the GARCH model
coefficients. In the model, the conditional variance depends on the g lags of the squared error and
the p lags of the conditional variance (Brooks, 2014: 428).

q p
o =ay+ Z aul_; + Z Biot (2)
i=1 =1

Before employing the GARCH model, ARCH effects are controlled with the ARCH-LM
test. Then, by comparing the different combinations of p and g, the most appropriate GARCH (p,
g) models are selected for each cryptocurrency based on their Akaike Information (AIC),
Schwartz criteria (SIC), and R-squared values. While the lowest values of AIC and SIC are
preferred, the highest value is desirable for the R-squared statistic. Additionally, the model has to
obtain positive and statistically significant ARCH () and GARCH () variables. Moreover, if the
autocorrelation is observed in the selected model, the ARMA (p, q) terms could be included into
the model. After approving whether the ARCH effect and autocorrelation problem have
disappeared, the selected models are employed to investigate the anomalies with the following
equations.

First, the DoW effect is examined for each dataset. To avoid the dummy variable trap,
Sunday is excluded from the analysis. In equation (3), the dummy variables d1, d2, d3, ..., and
d6 take the value of 1 on Monday, Tuesday, Wednesday, ..., and Saturday, respectively, and 0
otherwise.

Ri,t = ao + aldl + azdz + 63d3 + 64d4 + 65d5 + 66d6 + Si,t (3)

Second, the MoY effect is analyzed with the following equation. To avoid the dummy
variable trap, September is excluded from the analysis. In equation (4), the dummy variables d1,
d2, d3, ..., and d12 take the value of 1 on January, February, March, ..., and December,
respectively, and O otherwise.

+ 011dyq + 012d45 + &

Third, the ToM effect is analyzed with equation (5) where d1 is the dummy variable that
takes 1 on the last day and the first three days of the month, and 0 otherwise (Kumar, 2022).

Ry = apg+ 01dy+ & (%)

4. Empirical Results

The descriptive statistics of BTC, MANA, STX, and XTZ are presented in Table 3. There
are a total of 1451 observations during the data period. When the minimum and maximum returns
are compared while STX has the lowest minimum value, MANA has the highest maximum value.
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The standard deviations show that MANA and STX obtain the highest volatility among others.
The Jarque-Bera test statistics indicate that none of the cryptocurrencies are normally distributed.

Table 3. Descriptive Statistics

BTC MANA STX XTZ
Mean 0.000768 0.001504 0.000681 -0.000236
Max. 0.171821 0.935067 0.799405 0.305869
Min. -0.464730 -0.629841 -0.712411 -0.607260
Std. Dev. 0.035542 0.071961 0.071390 0.058862
Jarque-Bera 30961.70*** 43773.20%** 27546.05*** 9090.79***
Obs. 1451 1451 1451 1451

Notes: *** denotes the statistical significance at the %1 level.

In the second phase, the unit roots of the cryptocurrencies are controlled with the
Augmented-Dickey Fuller (ADF) test to control whether the series is stationary. As exhibited in
Table 4, the null hypothesis “there is a unit root in the model” is rejected for both intercept and
trend & intercept models, and hence it is found that all cryptocurrencies are stationary at their
levels.

Table 4. ADF Test Results

Intercept Trend & Intercept
BTC -40.24284*** -40.25116***
MANA -36.78430*** -36.83614***
STX -40.32989*** -40.32115***
XTZ -41.88533*** -41.94982***

Notes: *** denotes the statistical significance at the %1 level.

In the third phase, to find out whether the series are homoscedastic the ARCH LM test is
applied for each variable, and the results are exhibited in Table 5 for various lags. According to
the F-statistics, the null hypothesis “the residuals exhibit no conditional heteroscedasticity” is
rejected for each lag (only STX seems homoscedastic after the 10th lag). Since the results indicate
heteroscedasticity and an ARCH effect for all variables, the ARCH/GARCH model is employed
in the following process.

Table 5. ARCH LM Test Results

BTC MANA STX XTZ
1% Lag 4.240235** 76.34410*** 6.463157*** 30.81631***
51 Lag 2.041451* 15.58032*** 1.893361* 9.824806***
10" Lag 2.998108*** 7.835242%** 1.089319 6.017821***
20" Lag 1.624314** 3.973065*** 0.578604 3.351714***

Notes: This table shows the F-statistics of various lags. *, **, *** denote the statistical significance at
%10, %5 and %1 level, respectively.

In the next step, R-squared, SIC, and AIC criteria are evaluated for all variables to
determine which GARCH model is best suited. As mentioned before, while the lowest values of
AIC and SIC are preferred, the highest value is desirable for the R-squared statistic. Additionally,
the model has to obtain positive and statistically significant ARCH (a) and GARCH (B) variables.
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Models that do not fulfill these conditions are automatically excluded from the evaluation and the
values are presented in Table 6.

First, for the BTC, according to the statistical findings, there are negative B and a values in
the GARCH (1,2) and GARCH (3,1) models, and the B: in the GARCH (2,2) model does not
exhibit statistical significance. Therefore, the values for the GARCH (1,1) and GARCH (2,1)
models are compared, and the GARCH (1,1) model is chosen for BTC since its AIC and SIC are
lower. Second, for the MANA, there are negative 3 and o values in GARCH (2,1), GARCH (2,2)
and GARCH (3,1). When the remaining models are compared, the GARCH (1,1) model has the
highest R-squared and the lowest SIC, while the GARCH (1,2) model has the lowest AIC value.
Therefore, the GARCH (1,1) model is selected for MANA.

Third, for the STX, there are negative § and a values in the GARCH (1,2) and GARCH
(3,1) models, and the B1 and B, in the GARCH (2,2) model are not statistically significant. The
best values of AIC and SIC are observed for the GARCH (2,1) model. Finally, only XTZ had an
autocorrelation problem based on the Ljung-Box test (Q-test) statistics of correlograms?; this issue
is resolved by adding the AR(1) term to the selected model. The AR(1)-GARCH(1,1) model is
chosen for the XTZ because the other models include parameters that are not statistically
significant. To sum up, GARCH (1,1) is selected for BTC, MANA, and XTZ. For STX, on the
other hand, GARCH (2,1) is the most suitable model.

Table 6. Model Selection

GARCH(L1) GARCH(1,2) GARCH (21) GARCH (22) GARCH (3,1)
BTC
c 0.001533* 0.001397* 0.001512* 0.000111%** 7.01E-05%**
w 0.121843%**  0.062584***  0.098194***  0.062949%** 0.108159***
. - - 0.029928**  0.201956***  -0.087911%**
s - - - - 0.123855***
By 0.857328***  1.482802%**  (.847242***  0.013223 0.820583%**

**k*k

B2 - 05621315 - 0.677863 -
AIC -3.939069 -3.944009 -3.938117 -3.954604 -3.951083
sIC -3.924514 -3.925815 -3.919923 -3.932771 -3.929250
R-squared  -0.000464 -0.000314 -0.000439 -0.000224 -0.000359
MANA
c 0.000183***  0.000188***  8.13E-05***  1.21E-05***  4.81E-05***
w 0.245389%**  0.262261***  0.323943%**  0.306326***  0.306347***
. - - -0.202383***  -0.285555***  -0.075131*
s - - - - -0.153541 %+
By 0.756091***  0.562207 0.875237***  1508322***  0.920193%**
B2 - 0.176156** - -0.529430%** -
AIC -2.815594 -2.816223 -2.823473 -2.837558 -2.835140
sIC -2.801038 -2.798028 -2.805279 -2.815725 -2.813306
R-squared  -0.000845 -0.000935 -0.001408 -0.001368 4.81E-05

2 Before adding the AR(1) term, the Q statistics were 3.3820, 10.165, 19.526 for 1%, 5™ and 10" lags,

respectively, which were statistically significant at %10 level for the 1% and 5 lags, and %5 level for the

10" lag.
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Table 6. Continued

STX GARCH(L,1) GARCH(1,2) GARCH (21) GARCH (2,2) GARCH (3,1)
c 0.000945***  0.000887***  0.001921***  0.001858***  0.000806**
@ 0.442014%**  0.304058***  0.250104***  0.245649%**  (.248331***
@ - - 0.491771%**  0.499140%**  0.360222%**
@ - - - - -0.274827***
By 0.504382%**  0.711098***  0.086859**  0.033138 0.599744%**
B2 - -0.163812%** - 0.063653 -

AIC -2.562941 -2.574066 -2.601200 -2.601374 -2.601746
siC -2.548386 -2.555871 -2.583006 -2.579541 -2.579912
R-squared  -0.000258 -0.000092 -0.000065 -0.000040 -0.000069
XTZ

c 5.76E-05***  500E-05***  546E-05***  0.000126***  3.97E-05***
@ 0.112006***  0.116282%**  0.122479***  0.080128***  0.116113***
a - - -0.013724 0.152713***  0.038846

s - - - - -0.065363**
By 0.882543***  0.840965***  0.886980***  0.080336 0.908089***
B2 - 0.038106 - 0.676905*** -

AIC -3.037574 -3.036223 -3.036267 -3.039969 -3.037379
sIC -3.019380 -3.014390 -3.014434 -3.014497 -3.011907
R-squared 0.008201 0.008191 0.008172 0.007606 0.008154

Notes: a and f indicate ARCH and GARCH variables, respectively. *,***** denote the statistical
significance at %10, %5, and %1 level, respectively. The numbers in bold show the best values for each
statistic. The lowest value is preferable for AIC and SIC and the highest value is preferable for R-squared.
For the XTZ AR(1) term is included in the model, and the GARCH parameters show the AR(1)-
GARCH(p,q) model results.

Furthermore, for the selected GARCH models, the correlograms are checked for the
potential autocorrelation problem and the ARCH-LM tests are re-employed to figure out if the
effect had disappeared. As shown in Table 7, the selected models do not have heteroscedasticity
and autocorrelation problems, hence the calendar anomalies are examined using these models.

Table 7. ARCH-LM and Correlogram Statistics for the Selected Models

ARCH-LM Q-stats

¥ Lag 0.031046 0.3580

BTC 5 Lag 0.815865 3.9192
10" Lag 0.482371 12.427

20" Lag 0.311113 18.278

¥ Lag 1.251733 24971

5 Lag 0.757871 3.3795

MANA 10" Lag 0.761361 6.9936
20" Lag 0.769026 17.209

¥ Lag 0.311856 7605

STx 5 Lag 0.293265 5.3747
10" Lag 0.191465 9.1279

20" Lag 0.197379 18.967

¥ Lag 1.94E-05 1.3470

Tz 5 L ag 0.282556 6.4961
10" Lag 0.439523 14.952

20" Lag 0.339026 21.498

Notes: The GARCH (1,1) model is applied for BTC. MANA and XTZ. The GARCH (2,1) model is
applied for STX. AR (1) termis included in the model for XTZ to control for the residual autocorrelation.
This table shows the F and Q statistics of various lags. *, **, *** denote the statistical significance at
%10, %5, and %1 level, respectively.
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The DoW results are exhibited in Table 8. In the variance equations of all series, the
coefficients of the constant term (), ARCH terms (a)), and GARCH term (P) are positive and
statistically significant. Therefore, the coefficients of each model match the predictions of © > 0,
a>0,B>0and o + B < 1. The results indicate that BTC has significantly lower returns on
Thursdays and Fridays. Additionally, STX has significantly lower returns on Wednesdays. On
the other hand, MANA and XTZ do not have a significant DoW anomaly on any day.

Table 8. Day of the Week Effect Results

BTC MANA STX XTZ
Constant 0.004445 -0.001696 0.002115 -0.000541
(©) [1.885446]** [-0.522554] [0.516113] [-0.156514]
Monday -0.001800 -0.004632 0.001154 -0.002584
(d1) [-0.609690] [-1.075591] [0.243057] [-0.538480]
Tuesday -0.001497 -0.005900 -0.005979 -0.002370
(d2) [-0.484763] [-1.314456] [-1.138315] [-0.529867]
Wednesday -0.000494 0.002585 -0.009434 -0.002507
(d3) [-0.157153] [0.583915] [-1.732032]* [-0.577086]
Thursday -0.009208 0.002060 -0.001121 -0.004314
(d4) [-3.061864]*** [0.457039] [-0.196854] [-1.033079]
Friday -0.005030 0.006315 -0.002102 0.002461
(d5) [-1.728272]* [1.504773] [-0.391972] [0.519142]
Saturday -0.002934 0.006974 0.004067 0.005173
(d6) [-0.624248] [1.265952] [0.932830] [0.962468]
-0.072422
AR(1) j j i [-2.475712]**
Variance Equation
Constant 4.80E-05 0.000191 0.001886 6.14E-05
(o) [6.936452]*** [6.870617]*** [13.03245]*** [5.487704]***
o 0.124643 0.253174 0.262619 0.116012
! [9.920496]*** [15.05128]*** [10.89985]*** [10.94412]***
0.496941
@ - - [14.61693]*** )
0.856334 0.737318 0.083726 0.878439
B [65.85071]*** [51.46711]*** [2.101006]** [82.96138]***
AIC -3.941297 -2.816562 -2.598946 -3.034250
sSIC -3.904909 -2.780173 -2.558918 -2.994222

Notes: *, ** *** denote the statistical significance at %10, %5, and %1 level, respectively. The statistics
in brackets show the z-statistics for each variable. The dummy variables d1, d2, d3, ..., and d6 are equal
to 1 on Monday, Tuesday, Wednesday, ..
(1,1) model is applied for BTC, MANA, and XTZ. The GARCH (2,1) model is applied for STX. AR (1)
term is included in the model for XTZ to control for residual autocorrelation. o is the constant for
variance equation. o and  show the ARCH and GARCH parameters, respectively. AIC is the Akaike
and SIC is the Schwarz-Bayesian information criteria.

., and Saturday, and zero otherwise, respectively. The GARCH

The MoY results are shown in Table 9. In the variance equations of all series, the
coefficients of the constant term (®), ARCH terms (a), and GARCH term (f) are positive and
statistically significant. Therefore, the coefficients of each model match the predictions of ® > 0,
a>0,B>0and a+ f < 1. According to the results, the returns of BTC are significantly positive
in January, February, and March. Similarly, the returns of MANA and XTZ are significantly
positive in January and February. Besides January, STX returns are statistically significant and
positive in April and May.
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Table 9. Month of the Year Effect Results

BTC MANA STX XTZ
Constant -0.001214 -0.004563 -0.008781 -0.003212
(C) [-0.559362] [-1.178178] [-2.041707]** [-0.704985]
January 0.008158 0.008816 0.013291 0.010158
(d1) [2.173675]** [1.840216]* [1.864985]* [1.778003]*
February 0.006631 0.014583 0.009477 0.011239
(d2) [2.087358]** [2.266472]** [1.456872] [1.822411]*
March 0.018450 0.010298 0.002840 0.009587
(d3) [5.534846]*** [1.570933] [0.478184] [1.452532]
April 0.001584 0.002818 0.019090 0.000758
(d4) [0.452250] [0.467061] [3.621654]*** [0.131509]
May -0.002148 0.003355 0.011016 -0.000923
(d5) [-0.554096] [0.482505] [1.747611]* [-0.159039]
June 0.000680 0.004864 0.009608 -0.003577
(d6) [0.171510] [0.933607] [1.416428] [-0.601439]
July 0.003180 0.008775 0.009778 0.006433
(d7) [0.864922] [1.406011] [1.475380] [1.065154]
August -0.000376 0.001712 0.008804 0.000660
(d8) [-0.104760] [0.274016] [1.261613] [0.108795]
October 0.005304 0.002359 0.008908 0.000373
(d10) [1.475152] [0.420698] [1.083249] [0.063661]
November -0.000248 0.002302 0.008166 0.007451
(d11) [-0.074229] [0.374911] [1.134693] [1.346449]
December 0.000942 0.000200 0.003975 -0.007935
(d12) [0.272477] [0.030805] [0.582242] [-1.491676]
0.004111
AR() i i i [0.099268]
Variance Equation
Constant 4.51E-05 0.000196 0.001858 0.000942
(o) [7.209872]*** [7.030471]*** [12.17940]*** [9.482089]***
0.133066 0.252038 0.255609 0.452839
« [9.320783]*** [15.29057]*** [10.75779]*** [11.33001]***
0.497305
@ ) ” [13.01129]*** )
0.851131 0.746762 0.092330 0.498067
s [64.39016]*** [50.60269]*** [2.227992]** [13.88252]***
AIC -3.946296 -2.806861 -2.593868 -2.550583
SIC -3.891713 -2.752277 -2.535646 -2.492361

Notes: *. ** *** denote the statistical significance at %10, %5 and %1 level, respectively. The statistics
in brackets show the z-statistics for each variable. The dummy variables d1, d2, d3, ..., and d11 are equal
to 1 on January, February, March, ..., and November, and zero otherwise, respectively. The GARCH
(1,1) model is applied for BTC, MANA, and XTZ. The GARCH (2,1) model is applied for STX. AR (1)
term is included in the model for XTZ to control for residual autocorrelation. ® is the constant for
variance equation. o and p show the ARCH and GARCH parameters, respectively. AIC is the Akaike
and SIC is the Schwarz-Bayesian information criteria.

The ToM results are shown in Table 10. In the variance equations of all series, the
coefficients of the constant term (®), ARCH terms (a), and GARCH term (f) are positive and
statistically significant. Therefore, the coefficients of each model match the predictions of ® > 0,
a>0,3>0and a+ B < 1.The results indicate that only STX has statistically significant and
positive returns on the last day of the month, and the consecutive three days of the following
month which represent the ToM anomaly. The remaining cryptocurrencies do not have such an
anomaly.
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BTC MANA STX XTZ
Constant 0.001957 -0.000283 -0.002758 -0.001659
(©) [2.178219]** [-0.222202] [-1.773178]* [-1.312128]
ToM -0.002927 -0.002050 0.016126 0.003019
(d1) [-1.088011] [-0.446511] [5.009966]*** [0.793808]
-0.071920
AR(1) ) J J [-2.501586]**
Variance Equation
Constant 5.03E-05 0.000185 0.001872 5.68E-05
(@) [7.172004]*** [7.477304]*** [12.87450]*** [5.494633]***
o 0.122616 0.246758 0.255941 0.112240
! [12.55908]*** [15.69538]*** [11.94436]*** [11.25684]***
o ] ] 0.487147 )
2 [15.85620]***
0.856932 0.744703 0.090397 0.883332
s [69.06433]*** [55.00464]*** [2.262189]** [89.32348]***
AIC -3.938810 -2.814435 -2.612934 -3.036759
sIC -3.920615 -2.796241 -2.591101 -3.014926

Notes: *. **, *** denote the statistical significance at %10, %5 and %1 level, respectively. The statistics
in brackets show the z-statistics for each variable. The dummy variable d1 equals 1 on the last day of the
month and the consecutive three days of the following month, and zero otherwise. The GARCH (1,1)
model is applied for BTC, MANA, and XTZ. The GARCH (2,1) model is applied for STX. AR (1) term
is included in the model for XTZ to control for residual autocorrelation. o is the constant for variance
equation. a and B show the ARCH and GARCH parameters, respectively. AIC is the Akaike and SIC is
the Schwarz-Bayesian information criteria.

5. Conclusion

This study examines the effect of DoW, MoY, and ToM anomalies on NFT coins. To
represent the NFT coin market STX, XTZ, and MANA are selected. Additionally, BTC is added
to the analysis to compare the findings of the NFT coin market with the traditional cryptocurrency
market. For this purpose, the GARCH model is used as an econometric model, and the daily data
ranges from 2019 to 2023. When prior studies are scrutinized, it is observed that none of them
investigated NFT coins for the analysis of calendar anomalies, hence this research is supposed to
address that gap. Furthermore, the outcomes of this study provide insight into whether the
anomalies for BTC returns within the specified timeframe vanish over time.

Based on the DoW anomaly results, BTC has lower returns on Thursdays and Fridays, and
STX has lower returns solely on Wednesdays. These findings are consistent with those of Susana
et al. (2020) and Lopez-Martin (2022b), who revealed that most coins had significantly lower
returns on Thursdays. However, the findings are partially contradicted with those of Eyuboglu
(2018), who observed high abnormal returns on Fridays. On the other hand, the remaining coins
did not exhibit a statistically significant DoW effect which is consistent with the findings of Yaya
and Ogbonna (2019). Although most studies detected the Monday effect on cryptocurrency
returns (i.e., Eyuboglu, 2018; Aharon and Qadan, 2019; Caporale and Plastun, 2019), the findings
of this study did not observe it. Briefly, it could be stated that the Monday effect has diminished
in the market in recent years, the Friday impact has shifted to the negative, and only one NFT
coin (Stacks) has shown negative returns on Wednesdays. Hence, in terms of the DoW effect,
conventional coins seem to be more prone to this anomaly.
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According to the MoY effect results, in line with the findings of Dumrongwong (2021), all
evaluated coins generated abnormal returns in January. Moreover, positive returns were also
reported in February for XTZ, MANA, and BTC, which is consistent with the findings of
Eyuboglu (2018) and Ossola (2022). Additionally, BTC experienced positive returns in March as
well, thus it had abnormal returns during the first three months of the year. Furthermore, aside
from January, STX had significantly positive returns in April and May, which is in line with
Ossola's (2022) findings. As a result, the MoY effect does not distinguish between conventional
and NFT coins; and it occurs for all coins in similar months. Particularly, it may be suggested that
the January anomaly persisted over time and is a feature of the whole market. Finally, the results
of the ToM anomaly suggest that only STX has statistically significant and positive returns on the
last day of the month, and the next three days. The remaining cryptocurrencies do not have such
an anomaly. Previously, Qadan et al. (2022) reported that BTC exhibited abnormal returns
associated with the ToM effect. The absence of such an effect in the current research reveals that
the anomaly has diminished over the years for BTC.

In conclusion, the ToM anomaly is only seen for STX, the DoW anomaly is only present
for BTC and STX, and the MoY anomaly is evident for all examined coins. Overall, the findings
of this study suggest the presence of calendar anomalies in the cryptocurrency market that violate
the assumptions of market efficiency and indicate that returns are predictable. Moreover,
considering the outcomes varied according to the cryptocurrency under investigation, it is
possible to draw the inference that each coin's market efficiency is unique. Though, by using these
outcomes, investors may develop trading strategies for their portfolio selection, hence by taking
advantage of the market, they could earn unusual profits. However, market participants should
also consider that these effects may change, and the efficiency of the market fluctuates over time
depending on the sample period and method used, or they may completely disappear over time.
Therefore, investors should dynamically alter their investment strategies following the current
situation of the market.

Finally, this study has three primary drawbacks and suggestions. First, the cryptocurrency
market has a shorter data history than the stock market. As a result, larger datasets may offer more
insight about return patterns; so, more prolonged datasets may be used in future research. Second,
in addition to GARCH models, additional volatility models (such as EGARCH and TGARCH)
could also be considered in subsequent studies. Moreover, in this study, calendar anomalies are
tested only in the mean model, investigation of the volatility model is left for the further analysis.
Third, because of the nonlinear patterns in cryptocurrency returns, nonlinear models may be
preferred in future research.
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Abstract

In this research, we aim to highlight the impact of geopolitical risks and political
stability on investment flows directed towards 10 high-risky countries in the
relevant database of Caldara and Icaivello (2018) for the period from 2000 to
2022 with yearly data. On that note, we employed the Durbin-Hausman panel
cointegration test to check long run relationship. Then, we estimate co-integration
parameters (coefficients) employing the CS-ARDL method to avoid estimation
problems that arise from cross-section dependency and slope homogeneity. The
results reveal that geopolitical risks have a negative effect on Foreign Direct
Investment (FDI) for both the short and long term. The findings also prompt us to
conclude that political stability in the host country has a significant impact on
inward FDI in the long run. Cross-section dependency and delta tests indicate that
geopolitical risk generates heterogeneous effects on host countries. In the last
section, robustness checks with alternative estimators and Granger non-causality
validate the main results at a conventional confidence level. To this end,
policymakers may consider strengthening international institutions and
organizations, giving importance to peaceful initiatives, multilateral agreements
(commercial or economic), and diplomatic negotiations, as significant policy tools
to increase investment inflows by enhancing stability, transparency, and
predictability in governance.

Oz

Bu ¢alismada, Caldara and Icaivello (2018) tarafindan olusturulan jeopolitik risk
veri tabanindaki en yiiksek puana sahip 10 iilke bazinda, politik istikrar ve
jeopolitik risklerin dogrudan yabanci yatirimlar {izerindeki etkisi 2000-2022
donemi yillik verileri ile analiz edilmistir. Bu baglamda, uzun donemli es
biitiinlesme iligkisi Durbin-Hausman testi ile incelenmigtir. Daha sonra yatay kesit
bagimliligi ve homojenite altinda bile saglikli sonuglar veren CS-ARDL metodu
ile es biitiinlesme katsayilari tahmin edilmistir. Analiz sonug¢larina gore hem kisa
hem de uzun dénemde jeopolitik risklerin dogrudan yabanci yatirimlar {izerinde
negatif etkide bulundugu goriilmiistiir. Ayrica politik istikrar da dogrudan yabanci
yatirim girisleri iizerinde 6nemli bir belirleyicidir. Yatay kesit bagimlilig1 ve Delta
testi, bu etkinin 6rneklem tilkeler bazinda farkl siddette oldugunu gostermektedir.
Son olarak, diger alternatif tahminciler ve Granger nedensellik testi sonugclari,
bulunan sonuglarin direngli oldugunu giiven araliklar iginde teyit etmistir. Bu
baglamda, politika yapicilar, dogrudan yabanci yatirim akislarini tesvik edebilmek
icin istikrari, seffafligi ve yonetimde Ongoriilebilirligi artirmayi, uluslararasi
kurum ve kuruluslart giiclendirmeyi, baris girisimlerine, ¢ok tarafli anlagmalara
(ticari veya ekonomik) ve diplomatik miizakerelere 6nem vermeyi birer politika
araci olarak degerlendirebilirler.

“Asst. Prof. Dr., Adnan Menderes University, School of Business, Department of International Trade and
Management, Tiirkiye, alper.yilmaz@adu.edu.tr

Received Date (Makale Gelis Tarihi): 15.12.2023

This article is licensed under Creative Commons Attribution 4.0 International License.

Accepted Date (Makale Kabul Tarihi): 25.03.2024
(GHON

61


https://doi.org/10.30784/epfad.1405599
https://orcid.org/0000-0002-1253-7097
https://creativecommons.org/licenses/by/4.0/

A. Yilmaz, “Do Geopolitical Risks and Political Stability Drive Foreign Direct Investments? New
Evidence from Dynamic Panel CS-ARDL Model”

1. Introduction

Since the globalization of capital markets, Foreign Direct Investment (FDI) has emerged
as an important driver of economic growth and development over the past few decades.
Attracting more FDI can lead to improvements across multiple macro-economic indicators such
as unemployment, inflation, and balance of payment deficits, while contributing to progress
toward long-term objectives like full employment, sustainable growth, and technological
advancement. Ultimately, FDI helps us achieve higher levels of welfare and provides greater
integration into global markets (Haksoon, 2010: 59). Especially among emerging markets, FDI
has emerged as a sustainable source of the latest technology, skill transfer, competitive power,
and capital accumulation (Zouhaier, 2019: 3-5).

The decision to invest in a foreign country depends on both economic and non-economic
factors. Traditional FDI determinants such as rich natural resources, high trade openness, or low
labor costs are becoming less significant compared to geopolitical risks (GPR). In today's global
world, any disruptions occurring in a particular region can send shockwaves throughout the
nations. These disturbances can affect foreign investments and the day-to-day operations of
Multinational corporations (MNCs) (Wang, 2023: 141). Because multinational companies
prefer stable and predictable environments to formulate long-term investment strategies, they
build efficient supply chains and safeguard their workforce. As seen in Fig. 1, except for India,
and Israel, countries are far from achieving the desired performance in attracting FDI. In fact,
many of them are still nearly at the levels observed ten years ago as of 2022. For instance,
according to World Banka data, FDI inflows to China shrank by 28% in 2016, 21% in 2019, and
48% in 2022 due to the Strategic Foreign Policy of the USA against the hegemonic position of
China, the outbreak of trade disputes with the USA between 2015-2019, FED’s policy
tightening, and Covid-19 pandemics. As of 2023, FDI inflows have hit 30-year lows.
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Figure 1. FDI Inflow of Sample Countries (BoP, Billion USD)
Source: World Bank Data https://data.worldbank.org/
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During the period of public unrest preceding the military coup in 2013, FDI inflows to
Egypt experienced a continuous decline for four consecutive years. With the onset of the
Russia-Ukraine war, FDI inflows to both countries turned negative. Due to regulatory
unpredictability, a state-driven economic policy, a sovereign debt problem, illegal activities of
criminal organizations, uncertainty about contract enforcement, informality, and corruption have
contributed to ongoing uncertainties and led to a gradual increase (2001 and 2019 levels are
nearly identical) in FDI inflow for Mexico (Garriga and Phillips, 2023: 1676). Following a swift
rebound driven by structural reforms after the 2001 crisis, Turkey's FDI reached its highest
point at USD 22 billion in 2007. However, by 2022, it had dropped to USD 10 billion due to
socio-economic problems experienced in neighboring countries, and administrative and
economic challenges. Especially increasing economic regulations in the financial sector have
led to a decrease in predictability. Therefore, with the increasing occurrence and impact of
geopolitical conflicts globally, investors are adjusting their perspectives and modifying their
investment approaches. In such cases, they probably delay expansion plans to reduce risks
(Witt, 2019: 1069).

We can define GPR as unexpected risks associated with events such as wars, acts of
terrorism, political upheaval, tit-for-tat tariffs in commercial tensions, natural disasters, military
conflict, civil commotion, or regulatory uncertainty that disrupt international relations. GPR is
based on political, social, economic, and natural factors and it has the potential to significantly
impact FDI flows negatively. Today, GPR has become an impactful factor for business in the
eyes of global executives (Demiralay and Kiligaslan, 2019: 460). Caldara and lacoviello (2018)
as well as Wang et al. (2019) propose that elevated geopolitical risk correlates with a reduction
in business activity and FDI inflows. Numerous papers have proved that GPR have the potential
to not only deteriorate the international relations framework but also trigger fluctuations and
instability in macroeconomic indicators such as global oil prices, stock market returns,
commodity prices, or policy uncertainties (Yu and Wang, 2023: 2). This is because of that
international political, commercial, or economic conditions heavily influence investor
sentiments and behaviors. The changing risk environment and perceptions about the investment
climate may cause firms to postpone their decisions and show decreased motivation to expand
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into new markets, regardless of promising expected returns, even if risks are not realized
(Antonakakis et al., 2017: 165). Thus, MNCs need to update their views on the likelihood of
geopolitical conflicts occurring (geopolitical risk) and the effects of unpredictable geopolitical
situations (geopolitical uncertainty) to make smart, long-term investment choices. Otherwise,
waiting until conflicts arise to take action can be costly and too late to protect existing business
interests, especially given the complexity of reversing most FDI. Instead, they should wait until
the picture becomes clearer before proceeding with investments (Bussy and Zheng, 2023: 2).
Particularly, sectors such as energy, defense, infrastructure, and extractive industries might
encounter rising variations in FDI because GPR affect them more profoundly. For example,
unforeseen shifts in governmental policies like the expropriation of oil companies elevate
perceived risks, and deter foreign investors (Dastan et al., 2020: 718).

Political Stability (PS) stands as another influential factor in FDI. Butler and Joaquin
(1998) define the PS as a risk that a sovereign host government will unexpectedly change the
rules of the game under which businesses operate. It consists of corruption, terrorism, how
strong the institutions are, and how well laws are followed. This definition signifies the state of
a government or political structure characterized by regularity, organization, unbroken
governance, stable policies, and leadership, devoid of frequent interruptions or significant
alterations arising from internal or external factors (Radu, 2015: 751). Recent geopolitical
events, such as Brexit, US-China trade tensions, the Russian invasion of Ukraine, North Korea's
nuclear program, and various cybersecurity threats have dominated the headlines.

PS is primarily understood as a government's capacity to uphold a consistent and
predictable political climate. Within this stable environment, the establishment of well-defined
rules and expected behaviors is facilitated. Legal frameworks and regulations then become
effective tools for enforcing order, and governments are empowered to construct efficient
governance structures. This stability further enables them to navigate change across both
institutional (formal rules) and non-institutional (informal norms) domains. (Caliskan, 2019:
72). Otherwise, a higher level of political instability increases the likelihood of a government
change within a given period. Such a country does not possess a smoothly operating legal
system, and robust institutions (Uddin et al., 2023: 6).

The government is responsible for the rule setting of many fiscal decisions that encourage
or discourage FDI. Nations, characterized by stable governance and lower political risks
generally draw more investment, as they offer a secure business environment. Stable political
regimes create and uphold precise laws and rules that safeguard property rights, guarantee the
execution of contracts, and create a stable economic climate. Researchers such as Elish (2022),
Buitrago and Barbosa (2020), and Ciesielska and Koltuniak (2021) indicate that PS fosters a
favorable environment for FDI. Their findings support institutional and governance theories,
suggesting that stable political regimes favor foreign investment. Such stable climates assure
them that their investments will be protected without disruption. Additionally, a transparent and
fair regulatory framework that promotes a level playing field for market participants is expected
by investors (Le et al., 2023: 7). In contrast, politically unstable governments, institutional
uncertainties, and unfavorable changes in foreign investment terms deter foreign investors.
(Aisen and Veiga, 2011: 3-4).

On that note, examining the effect of PS and geopolitical risk on FDI is of considerable
importance for various reasons. First, GPR are pivotal in investment dynamics. Countries with
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political instability exposure to high GPR tend to experience reduced FDI inflows. This lack of
FDI can hinder progress in reducing poverty and inequality and weaken social cohesion and
friendly cooperation among countries even further. Therefore, it is increasingly important to
study GPR and PS from the perspective of emerging economics. Also subjected effects
constitute a great theoretical and practical importance for countries to accurately identify risks
and formulate corresponding policies to attract foreign capital to promote economic
development. Accordingly, the primary motivation behind this research is the lack of empirical
studies that have employed a robust cointegration approach that enables the handling of cross-
sectional dependence (CD) and addresses the endogeneity to analyze the effect of PS and GPR.

This paper proceeds as follows. Section 2 contextualizes the theoretical basis of the
subject. In section 3, we reviewed the related literature and presented the contributions. Section
4 recounts the empirical approach in which we describe the data and specify the models to be
employed in the study along with the estimation techniques. Section 5 provides the findings
from the econometric analysis. Section 6 provides a robustness check about the main findings.
Section 7 concludes the paper with policy recommendations.

2. Theoretical Basis

Several theories have examined the determinants and consequences of FDI to grasp the
global investment landscape and the motivations of MNCs. These theories highlight conditions
that may offer advantages or disadvantages, as well as precipitating factors. Some theories
assume perfect markets, while others consider imperfect markets. Moreover, FDI is a form of
cross-border capital movement, captured in the balance of payments statement, leading certain
theories to adopt a macroeconomic perspective. Additionally, understanding the reasons for
cross-border investments from the investor's viewpoint, as well as MNCs' decisions regarding
subsidiary locations and their interest in entering new markets, has become crucial. This has
prompted certain theories to adopt a microeconomic perspective (Denisia, 2010: 105).

Early FDI theories, rooted in the ideas of Smith and Ricardo, focused on international
production specialization. Smith emphasized efficient production as a basis for trade, while
Ricardo's theory of comparative advantage further developed this concept, emphasizing the
importance of trade barriers in promoting FDI. However, both theories had limitations in
explaining FDI in complex cases. Mundell (1957) introduced a model with two countries, two
goods, and two production factors, but it could not fully clarify international production through
FDI, mainly involving portfolio or short-term investments (Makoni, 2015: 78).

After World War 11, new theories emerged and they addressed the subject from a different
perspective and reconsidered the role of new factors such as intra-industry trade, government
intervention, externalities, marketing, economies of scale, product differentiation, and market
structure (Zhang, 2008: 8-15). Accordingly, Vernon's Product Cycle Theory, assuming perfect
markets, explains FDI by comparing rates of return. It suggests that FDI flows from low-rate-of-
return countries to high-rate-of-return ones. Firms consider expected marginal returns and
marginal cost of capital. If foreign returns exceed domestic ones, there's motivation for foreign
investment. The theory has four production cycle stages: innovation, growth, maturity, and
decline. In the innovation phase, firms create new products locally. As products mature and
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standardize, returns decrease domestically, leading to exports. This encourages foreign
expansion, especially in countries that add value to production (Rasiah and Yap, 2019: 58).

The Industrial Organization Theory, based on imperfect market competition, emphasizes
the importance of market structure and organizational characteristics in explaining FDI. Hymer
(1960) first proposed that structural and transactional imperfections are fundamental to many
MNCs, forming the basis of this theory. Factors such as economies of scale, knowledge
advantages, distribution networks, product diversification, and credit benefits create structural
imperfections that enhance MNCs' market influence (Acocella, 1992: 232-233).

The Internalization Hypothesis explains FDI as firms' shift from external to internal
transactions to reduce transactional costs. MNCs face interconnected operations across
production, marketing, research, development, and training, involving knowledge and expertise.
Pricing these intermediate products is challenging due to market imperfections and technology
protection concerns, leading to the development of intrafirm markets. This shift towards cross-
border internalization of markets drives MNCs to replace external transactions with internal
"markets," fostering international enterprise and driving FDI (Lizondo, 1991: 71).

Dunning's Eclectic Theory (Dunning, 1977; Dunning, 1979) focuses on O-L-I:
Ownership Specific Advantage (e.g., technology), Location Specific Advantage (e.g., foreign
political factors), and Internalization Advantage (e.g., operating abroad). It sets three conditions
for FDI: firms must have ownership advantages, using them internally should be more
profitable than selling or leasing, and combining these advantages with foreign resources should
yield higher profits than exclusive exports. This theory stresses the importance of ownership
and internationalization advantages, with the foreign location offering benefits over the home
country.

Capital Market Theory, shaped by Aliber's research in 1970, proposes that FDI is a
consequence of imperfections in capital markets. It is driven by currency differences between
source and host countries, with weaker currencies being more attractive due to their potential to
leverage differences in market capitalization rates. He forwarded his theory in terms of the
differences in the strength of the currencies in the host and source countries. He postulated that
weaker currencies compared with stronger investing country currencies had a higher capacity to
attract FDI in order to take advantage of differences in the market capitalization rate (Nayak and
Choudhury, 2014: 11-12).

Expectations and predictability of risk are also important factors in decision making.
Building on the literature that classifies different types of risk, such as Miller (1992), Oetzel and
Oh (2014), the connection with FDI depends on the nature of the violence. Accordingly, the
effect of geopolitical risk or political risk depends upon the extent to which violence poses a
continuous risk. Continuous risk is predictable and ongoing, while discontinuous risk involves
random events that are hard to foresee. On this scale, we can consider risks like corruption or
expropriation as continuous risks; on the other hand, less predictable hazards such as terrorist
attacks can be viewed as discontinuous risks for MNEs. Accordingly, a certain level of
predictability is required for firms to adjust their location choice process and only the types of
violence that pose a relatively continuous risk may affect a firm's location choice strategies. We
can expect that these types of risks are negatively associated with the location choice decisions
of MNEs. Second, the geography of political violence is also important. Risks concentrated in a
specific geographical region of the country are likely to pose less risk to an MNE investing in
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this country than political conflicts spread across a broader geographic area (Witte et al., 2017:
867).

In summary, FDI theories have evolved with globalization and trade liberalization
policies, and an examination of these theories is essential for selecting relevant variables and
proxies, predicting the expected directions of explanatory factors, and strengthening the basis
for empirical analysis and discussion.

3. Related Literature and the Contributions

Many researchers in finance and economics try to find the factors that affect the FDI and
numerous studies have extensively examined influencing factors and their consequential
impacts. Effects of GPR are frequently disregarded, largely due to the absence of a time-varying
indicator. Most existing research focuses on the influence of risk events using a dummy variable
or relies on an event study approach, which comes with its own set of weaknesses. Thus, the
literature concerning the connection between GPR/PS and FDI is still relatively young. A
majority of these papers indicate that an increase in geopolitical risk or political instability
reduces capital inflows in emerging economies while increasing in advanced economies and
triggering an investor tendency toward seeking safety.

Geopolitic risks are an important determinant of FDI. Accordingly, P astor and Veronesi
(2013), Friberg (2015), Rauf et al. (2016), Giambona et al. (2017), Cheng and Chiu (2018),
Fania et al. (2020), Cuypers et al. (2021), Bussy and Zheng (2023) provide enough evidence for
a negative relationship between GPR and FDI. In addition, Henisz and Zelner (2005), Busse
and Hefeker (2007), Jensen (2008), Darendeli and Hill (2016), Filippaios et al. (2019) suggest
that political risks are connected to adverse outcomes for FDI. An escalation in GPR raises the
necessary return for an investment to be considered worthwhile while leading to delays in
investment decisions.

Different aspects of political risks such as corruption (Cuervo-Cazurra, 2006), terrorism
(Czinkota et al., 2010), political violence (Witte et al., 2017), and political party tenure (Cordero
and Miller, 2019) have been found to negatively affect FDI. Studies by Sethi and Luther (1986),
Phillips-Patrick (1989), and Click and Weiner (2010) have all explored the negative outcomes
linked to political risks and policy uncertainty concerning different types of international
investments, including FDI, portfolio investment, and loans. These studies explore these effects
across different dimensions, ranging from the country-level to industry-level and firm-level
analyses.

Political instability, corruption, and institutional factors are other sources of risk factors
and they play a significant role in the direction of FDI. Numerous research findings indicate that
PS and effective institutions can foster private investment while enhancing the overall efficiency
of the economic system. In this respect, Loree and Guisinger (1995), Dunning (2000), Egger
and Winner (2005), Freckleton et al. (2012), Eduardo de Arce and Escribano (2014), Jose and
Ling (2015), Rashid et al. (2017), Abdella et al. (2018), Zouhaier (2019), Nizam (2022)
demonstrated that nations exhibiting robust PS and institutional quality, along with minimal
corruption tend to attract greater FDI inflows.

The situation is further aggravated when it comes to emerging economies. In such cases,
nations face elevated risk premiums, as observed in the study by Cherian and Perotti (2001).
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Additionally, factors like resource nationalism can impact the valuation of oil and gas reserves.
These dynamics may amplify the adverse impact of geopolitical risk (GPR) on investment
flows, potentially resulting in additional penalties. Moreover, Henisz (2000), Daude and Stein
(2007), Oh and Oetzel (2011), Colino (2013), Julio and Yook (2016), Beazer and Blake (2018),
Dedeoglu et al. (2019) have documented that good governance (e.g. regulatory quality, efficient
rule of law, accountability) attracts FDI inflow and mitigate the negative effect of political
uncertainty.

We contribute to the literature from at least three perspectives and aim to fill some gaps
in this manner. Most of the existing literature on GPR primarily approaches the subject from an
international relations perspective. In this study, we examined the impacts of both geopolitical
risk and PS on FDI simultaneously, providing a comprehensive view of relevant factors and
their quantified influence. However, previous studies on geopolitical risk are limited by the
difficulty of accurately quantifying geopolitical risk. A recent database developed by Caldara
and lacoviello (2022) addresses this issue by directly measuring GPR. Second, it fills the gap in
guantitative research for economies with high-risk profiles, focusing on such economies.
Thirdly, the study employs the CS-ARDL approach for cointegration (D-H Test) analysis,
which accounts for residual factor error structures, cross-section dependence of idiosyncratic
errors, and slope homogeneity, enhancing the accuracy of individual regressions by considering
the influence of common factors. These tests provide further validation and strengthen the
credibility of our results, which subsequently support the policy implications for attracting FDI
inflows sustainably.

Our research aims to investigate the impact of geopolitical risk and PS on FDI flows,
focusing on their response to volatility. We hypothesize that both geopolitical risk and political
instability negatively affect FDI flows. Finally, our study addresses the following research
questions: a) How geopolitics and PS interact with FDI both in the short and long term, b) Are
geopolitical risk, political instability, and other control variables attractive to FDI in our sample
countries? c) Is the sensitivity of investment tendencies to GPR different among these
countries?

4. Empirical Approach
4.1, Data and the Model Specification

In this study, we referred to the basic theories of FDI and set a strongly balanced panel
model with an annual dataset. We choose 10 countries (China, Egypt, India, Israel, South
Korea, Mexico, Poland, Russia, Tiirkiye, and Ukraine) that have the “highest” Geopolitical Risk
Index (GPR) score in the relevant database spanning from 2000 to 2022. The reason for
selecting this period in the study is twofold: the constraints posed by data availability and the
inclusion of significant global geopolitical events that occurred during this timeframe. All data
were sourced from the World Development Indicators (WDI, 2024), IMF International
Financial Statistics (IFS, 2024), Worldwide Governance Indicators (WGI, 2024), and UNDP
data center (UNDP, 2024). Caldara and lacovello (2022) calculated the latest GPR scores. All
variables were transformed into natural logarithms to smooth the series and mitigate the
influence of scale and skewness. In order to compare and contrast the influence of GPR and PS
upon the FDI, the baseline model may be specified as below.
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FDI, = B, + BGPR, + B,PS, + &, (D)

Where dependent variable FDI (in billion US dollars) refers to yearly inflows to country i
at year t. S is the constant term of the model. We have two explanatory variables. The first one
is the Geopolitical Political Risk (GPR) index for the host country "i" in the year "t." This index,
developed by Caldara and lacoviello (2018), quantifies adverse geopolitical events and
associated risks. It is constructed based on the analysis of newspaper articles related to
geopolitical risk, where the index represents the proportion of such articles out of the total
number of news articles for each month. Hence, the GPR index captures perceptions of both risk
and uncertainty (Antonakakis et al. 2017: 167). A high value GPR score indicates high-risk
situations. The economic implication related to GPR arises from the fact that the host country's
geopolitical risk hampers the inflow of FDI. So, the sign of the $; is expected to be negative
(Bilgin et al., 2020: 554). The second variable LnPS is a component of the World Governance
Indicators introduced by Kaufman et al. (2010), represents PS and is expressed as a percentile
rank among the sample countries. It assesses perceptions regarding the probability of political
instability and the presence of politically motivated violence, including terrorism. Its scale
ranges from 0 (indicating the highest stability) to 100 (representing the lowest stability). We
expect that the sign of B, will be positive.

4.2. Cross Section Dependence

Prior to conducting the primary analysis, it is crucial to carry out a diagnostic test for
cross-sectional dependence (CSD). Cross-sectional dependence refers to whether cross-sectional
units are related to each other, and whether units are equally affected by shocks that occur over
time, and this is quite commonly observed in panel models. We consider that the countries in
our sample are linked through trade and financial integration, leading to a shared correlation
effect bias. Emerging economies exhibit strong interconnections in terms of policy alignment,
cultural ties, and economic engagements, thus they depend on each other in many ways (Halwan
et al.,, 2022: 6). This is especially relevant in scenarios involving investment flows. The
increasing wave of globalization, regional policies, and technological advancements means that
FDI inflows or PS in one developing country can also influence them in other developing
countries. Neglecting cross-section dependence (CSD) can affect the first-order properties, such
as unbiasedness and consistency, of standard panel estimators, leading to biased estimates and
erroneous inferences. To determine the presence of CSD, we estimate the following panel data
regression model.

Pi
Ayi,t :di +é‘iyi,t+zﬂ’|,jAyi,t +ui,t (2)
j=1
where p is the lag length and d; denote the deterministic part. Accordingly, the null hypothesis is
Ho: Cov (uiy; uir) = 0 for all t and i # j against the alternative one Hi: Cov (Ui Uj) # O for at least
one pair of i # j. In this frame, Lagrange Multiplier (LM) developed by Breusch and Pagan
(1980) is performed as;

LM =T i ; 3)
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where the number of cross-sections is N, time period is T, and the sample estimate of the pair-
wise correlation coefficients of the residuals from OLS estimation of equation 3 is i for each i.

4.3. Slope Homogeneity

The next step is determining the homogeneity of slope coefficients using the delta test.
Swamy (1970) introduced a framework for determining whether the slope coefficients of the
cointegration equation are homogeneous across different groups. Subsequently, Pesaran and
Yamagata (2008) developed asymptotically normally distributed standardized Delta and
Adjusted Delta tests. First, we estimate a model where the null hypothesis Ho: i = 8, implying
that the slope coefficients in the panel are homogeneous, and the alternative hypothesis Hi: fi #
£, indicating that the coefficients in the panel are statistically different (heterogeneous). In order
to test slope homogeneity, we utilize the following equation.

A_N(MJAM m[mj @)

In equation 4, the expected value of error term z is E(Z;) =Kk with ‘k’ number of
explanatory variables and its variance is Var(z,)=2k(T —k-1)/T +1 (Bersvendsen and Ditzen,
2020: 53-54).

4.4, Unit Root

Following the examination of cross-sectional and homogeneity conditions, it becomes
crucial to evaluate the stationarity. The use of non-stationary time series violates the
assumptions of the regression model, leading to unreliable parameter estimates and prediction
results. Panel unit root tests fall into two categories. First-generation tests assume that the cross-
sectional units within the panel are independent, implying that all cross-sectional units in the
panel are equally affected by shocks (Kappler, 2006: 6-7). However, given the high level of
interdependence among countries in the contemporary global economic system, it is more
realistic to assume that units are influenced to varying degrees by external shocks. Recognizing
this, second-generation unit root tests have been devised to address this limitation. To assess
stationarity, we employ the cross-sectional augmented Dickey-Fuller (CADF) test proposed by
Pesaran (2006).

Ve =A=@) i + Y0 +Uy ®)

To make a decision, we adopted a linear heterogeneous panel model in equation (5) and
conducted a test on yi. We can rewrite yir and uic as Ay, = o + BY, ., +7; f, +&,in which a is
constant and g is coefficient and equal t0 o, =(1-¢)u, 5 =-(1-4). Under this equation, If

¢!, =1, series will contain a unit root. Thus, null hypothesis is H,:4 =0 indicates no cross-
sectional dependency against the alternative one H, : 8 <0 for some i.
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4.5. Panel Cointegration Test of Durbin Hausman

At this step, we aim to determine the cointegration relationship between series using the
Durbin Hausman (DH) test that considers cross-sectional dependence and homogeneity in slope
coefficients. Also, it allows independent variables can have different degrees of stationarity,
such as 1(0) or 1(1), but the dependent variable should follow the I(1) process. The Durbin-
Hausman test provides two types of test statistics, one for groups and the other one for panels. If
the assumption of homogeneity is accepted, panel statistics (DHp) are considered given that
panel statistics are calculated as if the entire panel were in a single cross-section. If
heterogeneity is assumed as a result of the delta test, group statistics (DHg) are examined. In the
group test, the rejection of the Ho implies that there is at least one cointegration vector for some
cross-sections. In the panel test, it is assumed that the autoregressive parameter is the same for
all cross-sections (Westerlund, 2008: 199-203). Under this assumption, when the Ho hypothesis
is rejected, it means there is a cointegration relationship for all cross-sections. In the prediction
process, residuals are obtained initially. However, due to the common factor problem, these
residuals are obtained using the principal component procedure instead of ordinary least squares
(OLS). Subsequently, OLS predictions are made on the residuals using variance and bandwidth
information, and test statistics are obtained as follows.

DH, - 358G~ 560, © DH, ~§.8G -drS e, ©

i=1

where ¢; is the coefficient of residual €, ; that is a consistent estimate from &, = 46, , +error
and testing the null hypothesis of no cointegration is asymptotically equivalent to testing

whether ¢; = 1. Variances of panel and cross section units are S, =@ / 67and S, =@/ | 67

n

2 1. o 1x s
where @2 ==> @' ; 62==>67. In other words, long-term and contemporaneous
nia niz

variances (&? and &2) are equal to the means of their own predictions. For the panel test, the

null and alternative hypotheses are formulated as Ho : ¢i = 1 for all i versus Hi: = ¢pi = 1 and ¢
< 1 for all i. Thus, a rejection of the null should be taken as evidence in favor of cointegration
for the entire panel. In the group means, Ho is tested against the alternative one that Hy : ¢pi < 1
for at least some i, and rejection should be interpreted as providing evidence in favor of
rejecting the null hypothesis for at least some of the cross-sections (Westerlund, 2006: 13).

4.6. CS-ARDL Model

ARDL bound test method, introduced by Pesaran, Shin, and Smith (2001), offers several
advantages such as better small sample properties, accommodation of series with different
orders of integration, reparametrization into the Error Correction Model (ECM), and providing
insights into both short-run dynamics and long-run relationships between variables (Nkoro and
Uko, 2016: 78-79). However, the traditional ARDL method does not consider cross-sectional
dependence (CSD), which affects its efficiency. In response to this challenge, Chudik and
Pesaran (2015), along with Chudik, Mohaddes, Pesaran, and Raissi (2016), introduced the
cross-section (CS) augmented ARDL method to overcome these issues. The CS-ARDL panel
approach effectively addresses endogeneity while also managing cross-sectional dependence.
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Furthermore, it provides a comprehensive analysis of both the enduring and immediate impacts
of the variables. It enables the handling of cross-sectional dependence (CD) in both long and
short-term error terms. This estimation technique effectively addresses dynamics, heterogeneity,
and cross-sectional dependence. (Ameer et al., 2020: 4). A linear version of the unrestricted
error correction form of the traditional ARDL (p;q) model for t = 1,2,...T periods and i =
1,2,....N number of countries can be specified by the following regression.

p q
Yii = Zﬂik Ytk T Zé‘i;(xi,t—k Tt E (7)
k=1 k=0

Where i« denotes lagged of the dependent variable (the CS-ARDL method regards the 1-year
lag of the regressed variable as a weakly exogenous regressor within the error correction
process), Xi: is the (kx1) vector of explanatory variables that are allowed to be purely 1(0) or 1(1)
for group i, scalar Ak denotes coefficients of lagged dependent variable, dik indicates slope
coefficients of the explanatory variables, (; represents group specific fixed effect error term, &
is iid error term and p and q are optimal lag orders. To handle cross-sectional dependence and
ensure slope homogeneity, Chudik and Pesaran (2015) recommend incorporating Pesaran's
(2006) Common Correlated Effects (CCE) approach into panel Autoregressive Distributed Lag
(ARDL) models. Under the assumption of uncorrelated coefficients and predictors, Pesaran
(2006) illustrates that the cross-sectional averages of both dependent and independent variables
can substitute for unobservable common factors. These averages can then be incorporated into
the original regression model (equation 7). The expanded form of the traditional model can
include extra lags (r) to the ARDL specification as follows.

p q r _
Yie = zﬂ*-k Vit T Zé‘i'kxi,t—k + Zﬂik¢Mt—l T, + & )
=] k=0 k=0

where M, = (Vi Xy ) Is the cross section averages of regressed and regressor and it

eliminates cross-section dependencies (Azam et al., 2022: 87752). We can transform Equation
(8) to an ECM to decompose short and long run effects. At that, we come up with the following
CS-ARDL specification.

p-1 q-1 r _
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Equation (9) indicates the ECM presentation of the Panel CS-ARDL model. A is the
difference operator with an optimal lag order, A, :—Z P ks (k=1,2,...p-1) and

Sp == 8 10m (k=1,2...q-1) are the short run coefficients, ¢ =—(1—>_ ", 1, ) is the error

m=k+1>i

correction term. This term indicates the speed of adjustment toward long run equilibrium after a
shock to the system. This term should be statistically significant and negative to support the

long-run equilibrium. 6 = (Z Lobi)! ¢ is the long run coefficient. For the calculation of the

variance/covariance matrix of the individual long run coefficients 6; the delta method used the
vector of the long run coefficient (Dahmani et al., 2022: 119).

In the case of panel data with small cross-sections, traditional estimation techniques such
as fixed/random effects estimators are generally used. However, when the panel model is of
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high frequency with the number of cross-sections, the asymptotic properties will be quite
different and non-stationarity becomes a problem. In this case, we can estimate the ARDL
model using Mean Group (MG) methods. MG estimator that proposed by Pesaran and Smith
(1995), derives the long run parameters from the ARDL models for individual groups by
estimating N separate regressions for each group and then calculating the coefficient means to
derive the estimator. Thus, it produces consistent estimates of the average of the parameters.
The MG estimator for the panel model can be expressed as follows.

§MG =1/ NZiN:léi (10)

This estimator allows for heterogeneity for all parameters (they are freely independent
across individuals) for both short and long run vary across groups. However, this method does
not recognize the possibility that some parameters may be similar across groups and it is
inefficient if slope homogeneity holds (Hussain et al., 2022: 7).

5. The Findings

We start our analysis by reviewing summary statistics before implementing the main
model. The summary statistics in Table 1 reveal significant variation in all variables. Standard
deviations indicate that LnFDI has the highest volatility and the LnPS has the lowest. Second,
negative values of skewness for all variables indicate data that are skewed left except LnPS. In
the case of kurtosis, values are near 3 suggesting that distributions have slightly heavier tails
(leptokurtic). But to make sure about normality, we conducted the Jarque-Bera test.
Accordingly, at least %5 significance level, we cannot reject the null of that the disturbance
term is normally distributed.

Table 1. Summary Statistics

Variables LnFDI LnGPR LnPS

Mean 9.502 -1.608 3.160 Correlation

Median 9.495 -1.519 3.140 LnFDI LnGPR LnPS
Maximum 12.749 1.300 4.457 LnFDI 1 - -
Minimum 5.468 -4.200 1.560 LnGPR -0.34 1 -
Std. Dev. 1.347 0.967 0.683 LnPS 0.29 0.24 1
Skewness -0.126 -0.385 0.037

Kurtosis 3.111 3.005 2.792 Covariance

Jarque-Bera 3.091 4.657 3.287 LnFDI LnGPR LnPS
Probability 0.21 0.08 0.13 LnFDI 1 - -
Sum 2167.72 -367.33 720.56 LnGPR -0.41 1 -
Sum Sq. Dev.  411.76 212.42 106.38 LnPS 0.26 0.19 1

Secondly, the correlation analysis shows that independent variables are in weak
correlation with dependent variables. Finally, the negative covariance coefficient between
LnFDI and LnGPR reflects opposing behavior between these variables, while the positive
coefficient between LnFDI and LnPS indicates a positive relationship. Nonetheless, descriptive
statistics alone do not provide a sufficient basis for evaluating the direction of a potential
cointegration relationship. Therefore, it is necessary to conduct appropriate tests to gain a clear
understanding. However, before proceeding with the main model, it is essential to conduct a

e
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preliminary analysis. In this regard, the stationarity of the variables needs to be examined.
Hence, before conducting the unit root test, an assessment of cross-sectional dependence and the
homogeneity-heterogeneity characteristics of the series were carried out, and the findings are
presented in Table 2.

Table 2. Cross Sectional Dependence (CSD) and Slope Homogeneity

LnFDI LnGPR LnPS

CSD; Test Stat. Prob. Test Stat. Prob. Test Stat. Prob.
CDLm1 68.24** 0.01 59.71 0.07 33.87 0.88
CDim2 6.09*** 0.00 5.42* 0.06 -1.17* 0.08
CDum -2.61** 0.01 -3.17 0.00 -2.86** 0.00
Bias Adj. CD 40.66*** 0.00 2.08** 0.01 12.23*** 0.00
Slope Homogeneity

A Test 9.41%** 0.00 7.09%** 0.00 12.87*** 0.00
A agj. Test 8.91*** 0.00 6.78*** 0.00 13.24%** 0.00

Notes: *, ** and *** denote statistical significances at 1%, 5% and 10% levels, respectively.

As seen in the table, the null hypothesis of “no cross-sectional dependence” in the series
has been rejected at least a 10% significance level for all types of tests. Therefore, second-
generation unit root tests should be employed. At the bottom of the table, the homogeneity-
heterogeneity properties of the coefficients have been examined. The null hypothesis stating that
the series are homogeneous is rejected based on the probability values from the delta test. It
means the model's coefficients are non-uniform and that the slope varies among countries. At
that, possible external shocks will affect the coefficients of each cross-section differently.

After addressing cross-sectional dependence (CSD) and slope homogeneity, the
subsequent step entails determining the order of integration for the time series under study. This
is a critical step since the CS-ARDL cointegration method is suitable for modeling with a
combination of 1(0) and I(1) regressors. However, when dealing with variables integrated into
order two (1(2)), the CS-ARDL approach may yield less robust results. To evaluate stationarity
within the panel series, we employed the CADF unit root tests.

Table 3. CADF Unit Root Test

Cross- Level First Difference

Section LnFDI LnGPR LnPS LnFDI LnGPR LnPS
China -2.33 -2.76 -2.61 -3.62* -3.78* -3.76*
Egypt -2.73 -4.03* -2.52 -4.18** -4.07** -3.87*
India -2.44 -3.52 -3.42 -3.57* -3.94* -3.56*
Israel -1.33 -2.17 -3.37 -6.24*** -2.88 -3.63*
S. Korea -5.91*** -3.01 -3.32 -6.76*** -3.55* -4.17%*
Mexico -2.27 -3.47 -3.37 -6.49*** -3.73* -4 44**
Poland -3.17 -3.2 -4 55** -4,13** -3.91* -5.41***
Russia -1.86 -4.49** -3.21 -4.27** -5.58*** -4,94***
Tiirkiye -2.07 -3.45 -3.48 -3.31 -3.76* -6.09***
Ukraine -1.63 -3.09 -3.07 -2.67 -4 54** -4.23**
CIPS- Stat.  -2.58 -3.39 -3.53 -4.46** -3.97* -4.42%*

Notes: *, ** and *** denote statistical significances at 1%, 5% and 10% levels respectively. CADF
test indicates also CIPS statistics, which are computed as the simple, average of the individual-specific
CADFi statistics to represent the panel as a whole. Critical values for the case of “intercept and trend”
at 1%, 5% and 10% are — 4,97 / — 3,99 / — 3,55 respectively (Pesaran, 2007: 276, Table 1.b).
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Table 3 illustrates that, based on both CADF (individuals) and CIPS (entire panel)
statistics, almost all variables in the model exhibit stationarity in the first difference at a
significance level of at least 10%. The null hypothesis (unit root) has not been rejected at the
conventional test size, leading to the conclusion that these series follow an I(1) process.
Additionally, we can confirm that none of our variables are integrated in the second order, 1(2).

After confirming the order of integration, the next step in the analysis involves examining
the evidence of a long-term cointegration relationship among variables using the Durbin-
Hausman tests. One advantage of this test is its applicability when the series are either 1(0) or
I(1). Additionally, the test accounts for cross-sectional dependence and the homogeneity-
heterogeneity characteristics of the series. The test comprises two models: Model 1, including
an equation with a constant term; and Model 2, representing a model with both a constant and a
trend.

Table 4. Durbin Hausman Panel Cointegration Test

Panel and Group

Model - Value Probability Decision
Statistics

Model 1; Durbin-H Group Statistic -0.383 0.35 No Cointegration

LnFDI = f : - N . .

(LnGPR ; LnPS) Durbin-H Panel Statistic -1.436 0.07 Cointegration

Model 2; Durbin-H Group Statistic -1.482** 0.04 Cointegration

LnFDI =T Durbin-H Panel Statistic -0.792 0.21 No Cointegration

(LnGPR ; LnPS)

Notes: The values in parentheses represent probability values. ***, ** and * respectively indicate the
percentages at which the null hypothesis is rejected at the significance levels of 1%, 5%, and 10%.

The test yields cointegration estimation results for both the cross-section within the panel
and the overall panel. However, considering the heterogeneity identified in the Delta test results,
decisions must be made by analyzing “group” statistics in the Durbin-H test. As depicted in
Table 4, the null hypothesis of "no cointegration” remains unrejected in both Model 0 and
Model 1. However, in Model 2 (which includes a constant and trend), the null hypothesis is
rejected as the probability value falls below 5%, signifying the presence of a cointegration
relationship.

Upon confirming the presence of a long-term cointegration relationship among the
considered variables, the subsequent phase of this study involves examining the long-term
impact of LnGPR and LnPS on LnFDI using the Cross-Sectionally Autoregressive Distributed
Lag (CS-ARDL) model. The results of the panel CS-ARDL analysis are presented in Table 5.
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Table 5. CS-ARDL Regression (dependent variable: LnFDI)

Coefficients Standart Errors Z-Statistics Probability VValues

Error Correction (ECT ;) -0.775 0.1367 -4.54 0.00
Short Run Results

L.ALnFDI; 1 0.224** 0.0979 2.31 0.02
ALnGPR;; -0.271** 0.1196 -2.28 0.02
ALnPS;; 0.219 0.1709 1.28 0.21
Constant 1.128 0.8568 1.31 0.19
Long Run Results

Ir_LnGPRi; -0.164* 0.0917 -1.78 0.07
Ir_LnPS;; 0.406*** 0.1059 3.83 0.00
Number of Observations 690

Number of Group 10

R? (MG) 0.75

Prob. > F 0.00

Root MSE 0.56

Notes: *, ** and *** denote statistical significances at 1%, 5% and 10% levels respectively. Drawing
from insights in previous studies, Eberhardt and Presbitero (2015) recommended a lag length of 2, while
Chudik and Pesaran (2015) emphasized that the lag length should not exceed 3. As a result, we chose to
utilize 2 lags.

Based on the estimations, the presence of a negative and statistically significant error
correction coefficient (ECT.1) indicates the existence of a long-term relationship among the
variables of interest. Given our yearly data, the ECT.; coefficient suggests that external shocks
in the short run converge to the long-run equilibrium at a rate of approximately 77% per annum.
This observation signifies a stable long-term cointegration relationship among the variables.
Moving forward, we present both the short-term and long-term effects of LnGPR and LnPS on
LnFDI. In the short run, the results indicate that a one-lag of the FDI variable exhibits a positive
effect at a significance level of at least 5%. The current-year value of the dependent variable is
influenced by its one-year lagged value by %0.224 unit implying that FDI investors consider the
realizations of the previous year before reaching a decision on investment. Second, LnGPR is
negative and significantly related to LnFDI. The negative coefficient indicates that a %1 unit
increase in geopolitical risk leads to a %0.271 unit decrease in investment flows at a 5%
significance level. Third, LnPS is positively related to LnFDI. The coefficient of LnPS points
out %1 unit increase in LnPS stimulates by %0.219 units in LnFDI. The coefficient keeps its
positive sign, but it fails to reach statistical significance. Thus, PS has no explanatory power on
investment flows in the short run. It may stem from lags in legislative and policy adjustments.
In many countries, bureaucracy and administrative processes can be slow and cumbersome. This
can lead to delays in obtaining permits, licenses, and approvals necessary for foreign businesses
to operate. These administrative delays can be seen as adjustment lags, as they can hinder the
quick implementation of FDI projects in the short run. Lastly, we determined that the constant
of the short run model is insignificant according to probability value.

In the long run, the GPR has a negative impact on FDI, similar to short-term
observations. For example, during periods of rising geopolitical tensions such as war, trade
disputes, or political instability in regions like the Middle East, or Caucasians, investors may be
hesitant to invest in those areas. According to Table 5, the estimated coefficient shows that a 1%
increase in geopolitical risk reduces investment flow by 0.164%. However, the long-term
impact is about half of the short-term effect, indicating a decreasing negative influence of
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geopolitical developments on investment flows over time. This reduction could be due to factors
such as decreasing tensions, resolution of geopolitical conflicts, or establishment of stable
governance structures in previously volatile regions. Additionally, measures taken to stabilize
markets by governments or international organizations may alleviate investor concerns. For
instance, policy reforms aimed at improving transparency and reducing corruption can boost
investor confidence and attract capital. On the other hand, PS has a positive and significant
impact on investment flows. In countries with high PS, such as those with established
democratic systems and respect for the rule of law, investors may perceive lower risks and be
more willing to invest. Thus, developed economies tend to attract more FDI. The estimated
coefficient suggests that a 1% improvement in PS within the host country increases investment
flow by 0.406%. For example, countries that have successfully transitioned from authoritarian
regimes to stable democracies, like Chile, have seen significant increases in foreign investment
as PS improves. Venezuela is another country with promising potential but faces difficulties in
drawing FDI due to its political instability. This instability has led to widespread social unrest,
corruption, poverty, violence, and inflation. Similarly, India, Egypt, and Tiirkiye have not
performed well on indicators of PS, such as corruption, low competitiveness, weak institutions,
bureaucratic hurdles, and troubled relations with neighboring countries. Consequently, they
have failed to attract sufficient FDI to stimulate long-term economic growth.

6. Robustness Check

In this section, next to the main analysis of the cointegration relationship, we assessed the
robustness of the results obtained from the CS-ARDL model. On that note, we employed
various techniques, namely the CCEMG estimator (Common Correlated Mean Group), AMG
estimator (Augmented Mean Group), Cup-FM (Continuously Updated Fully Modified), and
Cup-BC estimator (Bias Corrected).

Table 6. Alternative Estimators for Cointegration Coefficient (Dependent variable: LnFDI)

Estimator  fincpPr Props St. Errinepr  St. Errines  t-Statingpr  t-Statinps
CCE 0.385 0.457 0.249 0.564 1.546 0.810
Cup-FM -0.396 0.403* 0.302 0.236 -1.311 1.708
Cup-BC -0.552*** -1.133* 0.204 0.609 -2.706 -1.860
AMG -0.482*** -0.436 0.221 0.312 -2.181 -1.397

Notes: *, ** and *** denote statistical significances at 1%, 5%, and 10% levels respectively indicating
the percentages at which the null hypothesis is rejected at the significance levels of 1%, 5%, and 10%.

Table 6 carries out additional empirical exercises for robustness check. We assessed the
behavior of the coefficients of main interest according to alternative estimators and displayed
the outcomes. As seen in the table, the estimated coefficients of CCE indicate that none of the
independent variables are statistically significant at all conventional levels. Thus, GPR and PS

have no explanatory power in this manner. In the Cup-FM estimator, only the coefficient of

LnPS is still positively signed (B8 )y, = 0.403 and it is greater in terms of statistical

significance and magnitude than their short-term counterpart. However, the other variables are
statistically insignificant and exhibit no effect on investment flows. The cup-BC estimator
yields a significant negative relationship between LnGPR and LnFDI at conventional size. As
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such, (B5E5%),,, = -0.552 indicates a negative effect of geopolitical risk on investment flows.
But unlike the CS-ARDL model, LnPS has a negative and significant relation with the
dependent variable with a negative slope coefficient of (B P ), = -1.133 level. The last

estimator is AMG. Similarly, using the AMG estimation technique, LnGPR and LnFDI show a

significant and negative relationship, i.e. (B/saos )y = -0-482. However, the LnPS variable has

no significant effect on investment flows according to their significance level. At the last stage
of the robustness check, we investigated the causality between the variables under
consideration. The CS-ARDL estimate does not provide any information on the causal links
between variables. For this purpose, we utilize the Bootstrap Panel Causality test, as proposed
by Konya (2006), which is based on Seemingly Unrelated Regressions (SUR) and employs the
Wald test with bootstrap critical values.

Table 7. Results For Bootstrap Panel Granger Causality Test

Ho: LnFDI does not cause Ho: LNGPR does not cause
LnGPR LnFDI

Bootstrap Crictical Bootstrap Crictical Values
99th.  95th.  90th. 99th.  95th.  90th.
Countries Wald Bootstrap Obs. Obs. Obs. Wald Bootstrap Obs. Obs.  Obs.

Stat. P-value for for for  Stat. P-Value for for for

1% 5% 10% 1% 5% 10%
China 0.21 0.78 1428 932 6.44 2251* 0.05 41.30 24.07 14.22
Egypt 2.38 0.30 23.25 1048 642 421 0.16 18.28 8.02 547
India 2.35 0.51 2556 15.61 1042 5.79 0.13 19.25 1053 7.19
Israel 2.18 0.57 23.71 1396 1045 235 0.35 2150 10.86 8.23
S.Korea  10.52** 0.06 2769 1372 7.04 0.78 0.63 23.78 1333 9.44
Mexico 4.95 0.37 3718 16.32 954 1.28 0.65 46.70 20.14 13.74
Poland 4.75 0.25 29.67 15.01 10.97 8.62* 0.05 1451 7.47 381
Russia 3.99 0.28 27.67 15.14 12.61 9.776* 0.07 18.37 1145 7.89
Tiirkiye 3.68 0.45 32.02 2268 1438 4.18 0.25 3451 1374 9.18
Ukraine 0.64 0.69 38.21 16.97 11.13 16.83** 0.03 2051 9.63 6.09

Notes: *, ** and *** denote statistical significance of rejection at 10, 5 and 1%, respectively indicate the
percentages at which the null hypothesis is rejected at the significance levels of 1%, 5%, and 10%.
Critical values are based on 10,000 bootstrap replications. Optimal lag length represent the lag for which
Schwarz Bayesian Criterion has minimal levels.

As seen in table 7, there is no Granger causality (Wald statistics are lower than the
bootstrap critical values) except in the case of South Korea where the null hypothesis that
LnFDI does not cause LnGPR is rejected at a %5 significance level. When we consider the
opposite direction, there is sufficient evidence against the null hypothesis at a conventional level
in the case of China, Poland, Russia, and Ukraine. GPR surrounding China are complex and
encompass a wide range of factors, including tensions with neighboring countries (Japan, India,
and Taiwan), trade disputes, and territorial disputes in the South China Sea, human rights
concerns, and competition with other global powers like the United States. The conflict between
Russia and Ukraine, which began in 2014 with Russia's annexation of Crimea and ongoing
unrest in Eastern Ukraine, represents a significant geopolitical risk. These developments are an
important source of instability and uncertainty because of both regional and global scale.
Therefore, these countries have become more sensitive to GPR regarding FDIs. But for the
remaining cases, the results provide weak evidence in favour of the alternative hypothesis.
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Table 8. Results For Bootstrap Panel Granger Causality Test

Ho: LnFDI does not cause LnPS Ho: LNnPS does not cause LnFDI
Bootstrap Crictical Bootstrap Crictical Values

99th.  95th.  90th. 99th.  95th.  90th.

Countries Wald Bootstrap Obs. Obs. Obs. Wald Bootstrap Obs. Obs.  Obs.

Stat. P-value for for for  Stat. P-Value for for for

1% 5% 10% 1% 5% 10%
China 0.75 0.66 2443 1205 9.77 0.19 0.71 1122 733 475
Egypt 011 0.76 1063 556 4.04 558** 0.06 10.37  4.46 291
India 12.41** 0.05 2356 1196 849 455 0.14 16.94 9.01 517
Israel 0.387 0.74 20.63 1244 9.01 7.05* 0.09 2209 9.86 6.26
S. Korea 838 0.13 26.31 10.78 9.24 559 0.18 20.86 12.33  8.49
Mexico 0.95 0.71 19.71 1341 994 11.38* 0.08 2582 1431 10.17
Poland 1.64 0.37 2698 13.10 8.03 293 0.22 157 6.79 454
Russia 2.38 0.26 1513 6.65 4.48 3.27 0.25 18.11 9.46 6.26
Tiirkiye 3.01 0.11 839 412 324 223 0.20 15.06 6.39 4.28
Ukraine 1.33 0.58 1249 857 6.14 1.08 0.53 25,75 1253 8.17

Notes: *, ** and *** denote statistical significance of rejection at 10, 5 and 1%, respectively. Indicate the
percentages at which the null hypothesis is rejected at the significance levels of 1%, 5%, and 10%.
Critical values are based on 10,000 bootstrap replications. Optimal lag length represents the lag for which
Schwarz Bayesian Criterion has minimal levels.

Table 8 reports the results for granger non-causality between PS and investment flows. It
is clear that the null of LnFDI does not cause LnPS cannot be rejected only for India at a %5
significance level. However, it is possible to draw a conclusion for the inverse direction that an
increase in the LnPS leads to an increase in LnFDI in 3 out of 10 cases namely Egypt, Israel,
and Mexico. Although these countries have a moderate score in the geopolitical risk database,
they have experienced negative developments during the last years including coup d’état,
controversial government policies, political upheaval, civil unrest, social protests, border
disputes, regulatory unpredictability, and lack of a robust fiscal response to the COVID-19
crisis. Thus, political turmoil could steer investors away, damage the confidence of potential
investors, and jeopardize existing investments. Regarding these countries, Thomas and Grosse
(2001), Kim (2010), Detta (2013), Samford and Gomez (2014), and Kurecic and Kokotovic
(2017) proved that countries exhibiting robust PS have strong potential to attract more FDI
inflows. In addition, Colino (2013), Julio and Yook (2016), Beazer and Blake (2018), and
Dedeoglu et al. (2019) have documented that good governance (e.g. regulatory quality, efficient
rule of law, accountability) can mitigate the negative effect of political instability.

7. Conclusion

In this paper, in addition to the cointegration relationship and coefficient estimation, we
investigated the direction of causality between FDI, GPR, and PS for the period 2000-2022 with
yearly data in dynamic panel models for high-risk countries in the relevant database. The
econometric findings indicate robust evidence that GPR and PS have statistically significant
effects on investment flows in the context of sample countries. This suggests that GPR have
negative effects on FDI volume. However, PS has a positive impact on FDI inflow implying
that good governance, and a stable social, economic, or political environment mitigates the
negative effect of GPR on FDI by ensuring consistent, independent, and effective policymaking.
In this manner, our findings have important implications for policymakers.
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GPR and FDI have a complex relationship that significantly impacts investment
decisions. They encompass various factors such as political conflicts, territorial disputes, and
international tensions. Thus, they can directly impact FDI by potentially leading to losses
through expropriation or political upheaval and they have a negative impact on FDI, as investors
prefer stable, predictable, and safe environments. Additionally, it can have indirect effects by
disrupting supply chains and markets, thereby affecting investment profitability. High
geopolitical risk can also increase borrowing costs and limit financing access, making it more
challenging for businesses to operate and expand. Second, PS is a vital aspect of an attractive
investment climate. Stable governments instill confidence in investors by reducing the risk of
sudden policy changes, expropriation, or political turmoil. They also uphold the rule of law,
protect property rights, and enforce contracts, which are crucial for business operations.
Moreover, PS enables long-term planning and signals a lower risk of capital loss due to political
upheaval. While many democratic countries offer these advantages, non-democratic countries
like China can also attract significant FDI due to their predictability and support for a free
market economy. To attract more investment, a country should maintain economic policy
clarity, minimize administrative chaos, avoid frequent changes in market rules, and reduce
market interventions.

For example, in the case of Egypt, youth unemployment, high inflation rate, effects of
Arab springs, Coup D’état in 2013, currency depreciation, and geopolitical tensions, pose a risk
to PS. With its political instability marred by geopolitical unrest in the Middle East, the country
reinforces this negative trend in the long term and experiences challenges attracting FDI. Also,
the decline in the Suez Canal and tourism revenues due to regional conflicts has added to
existing challenges. When we consider Mexico, regulatory unpredictability, uncertainty about
contract enforcement and informality, public policy priorities in the energy sector, widespread
corruption and bribery (ranks 126th out of 180 countries), highly skewed income distribution,
organized crime, and terrorism from gangs (ranks 137 out of 163 countries) are important
sources of risk and instability. In fact, the rule of law and control of corruption are below Latin
America’s average. Lastly debates over geopolitics (e.g. South China see) and trade disputes
(trade war in the Trump era) between China and the USA have resulted in increased Chinese
investments flowing into Mexico, especially concerning its effects on US national security. This
has prompted calls for Mexico to enhance its foreign investment screening, showing increasing
pressure from the US to limit the flow of Chinese goods entering the US via Mexico.

In the case of Russia, the conflict in Ukraine is important because of the region's strategic
value. Ukraine acts as a vital transit route for energy resources, connecting Russia to Europe.
Any disruptions to this critical energy infrastructure can have severe consequences for energy
markets and prices worldwide. Additionally, the conflict has led to economic sanctions imposed
by several countries, which restrict trade and make business operations more complicated.
These sanctions have made it harder for Russia to access global financial markets and have
discouraged foreign investments. As a result of the war and economic restrictions, many
multinational companies have had to reduce or stop their operations in the region. Individual
investors have also tried to spread out their investments, decreasing their involvement in the
area and redirecting their portfolios into more stable regions. Lastly, Tiirkiye lies within one of
the world's most volatile regions. The Middle East has been a center for wars, internal conflicts,
terrorist incidents, and popular uprisings for many years due to the struggle for control over
energy resources like oil and natural gas. The conflict-prone nature of the region negatively
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affects both itself and the countries surrounding it. Moreover, ongoing issues such as the Syrian
civil war and the refugee crisis, the longstanding tension between Azerbaijan and Armenia, and
the Georgia-Russia dispute over Abkhazia and South Ossetia, which sometimes escalate into
active conflicts, are adverse developments that place Turkey in a challenging position, both
economically and in terms of attracting investments. Lastly, applied economic programs (e.g.
New Economic Program started on 20 December 2021) that mark an abrupt break from the
unorthodox policies (e.g. arbitrary decrease in interest rate) and increased frequency of
economic regulations have reduced predictability in the economy, complicated the ability of
economic actors to foresee long-term outcomes and weakened confidence in economic
management among investors.

As a result, regions characterized by stability, positive diplomatic relations, and
predictable geopolitics tend to attract more FDI. Conversely, even politically stable countries
may experience reduced FDI inflows in regions marked by geopolitical tensions or diplomatic
conflicts. Geopolitical risk acts as a counterbalance to PS, significantly influencing investment
decisions by shaping perceptions of safety and predictability in investment environments. To
this end, policymakers must prioritize measures aimed at bolstering PS, ensuring administrative
predictability, enhancing the regulatory framework, and fostering regional cooperation to attract
higher levels of foreign investment. Additionally, open and constructive diplomatic initiatives,
conflict resolution mechanisms, the establishment of a stable and transparent business
environment, the enforcement of the rule of law, the implementation of transparent regulatory
frameworks, as well as forging trade agreements and partnerships, all play a pivotal role in
creating a conducive environment for attracting investment.
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Abstract
This study aims to integrate meta-analysis into agent-based models and provide
foundational insights into biased agent interactions. It delves deeply into the effects of
various behavioral biases such as anchoring, disposition effect, loss aversion, and others
on market dynamics and investor decisions. Using agent-based models, it presents
simulations of market scenarios and investor behaviors, emphasizing the impact of
individual decisions on market dynamics. The innovative approach of this study lies in
integrating behavioral finance theories with real market data, offering a nuanced analysis
of market behaviors. This work contributes a new perspective to behavioral finance and
encourages the use of agent-based models to deepen our understanding of market
dynamics and investor behaviors, which can be helpful in financial market analysis and
policy-making. This study aims to provide a foundational framework for those looking to
integrate meta-analysis into agent-based models and explore biased agent behaviors. The
findings demonstrate the ability to model the interactions of loss aversion, disposition
effect, and anchoring and adjustment bias taking into account agents' socio-demographic
and psychological factors, as close to the real world as possible. The results offer highly
favorable forecasts for modeling human behaviors more accurately in portfolio
optimizations and for expanding the applications of Generalized Artificial Intelligence in
financial market implementations.
Oz

Bu c¢alisma, ajan tabanli modellere meta-analizi entegre etmeyi ve yanli ajan
etkilesimlerine dair temel ig¢goriiler sunmayr amacglamaktadir. Capa, miilkiyet etkisi,
kayiptan kagimma ve diger ¢esitli davranigsal yanliliklarin piyasa dinamikleri ve
yatirimel kararlar1 {izerindeki etkisini derinlemesine incelenmektedir. Ajan tabanl
modeller kullanarak, piyasa senaryolart ve yatirimeir davraniglarinin simiilasyonlarini
sunmakta ve bireysel kararlarin piyasa dinamikleri iizerindeki etkisini vurgulanmaktadir.
Calismanin yenilik¢i yaklagimi, davranigsal finans teorilerini gercek piyasa verileriyle
biitiinlestirmesinde yatmakta ve piyasa davraniglarinin niiansli bir analizini sunmaktadir.
Bu caligma, davranigsal finansa yeni bir perspektif katmakta ve piyasa dinamikleri ile
yatirirmel davranislarinin daha iyi anlagilmasi i¢in ajan tabanli modellerin kullanimini
tegvik etmektedir, bu da finansal piyasa analizi ve politika olusturmada yardimci olabilir.
Calisma, meta-analizi ajan tabanli modellere entegre etmek isteyen ve yanli ajan
davraniglarini incelemeyi saglayacak temel bir altyapir sunmayi hedeflemektedir.
Caligmanin bulgulari, ajanlarin sosyo-demografik ve psikolojik faktorlerini dikkate
alarak, kayip kaginimi, miilkiyet etkisi ve ¢apa ve ayarlama yanliliginin etkilegimlerini
gercek diinyaya en yakin sekilde modellenebildigini gdstermektedir. Sonugclar, insan
davraniglarinin - portfoy optimizasyonlarinda daha dogru modellenebilmesine ve
Genellestirilmis  Yapay Zeka'nin finansal piyasalara yonelik uygulamalarinin
genisletilmesine yonelik uygulamalarda oldukga elverisli dngoriiler sunmaktadir.
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1. Introduction

The analysis of investor behaviors in financial markets constitutes a significant area of
behavioral finance. The aim of this study is to understand individual investor behaviors in
financial markets and analyze the effects of these behaviors on market dynamics through
models. The comprehensive literature review conducted in this study encompasses 50 different
works, which have revealed various behavioral biases affecting investor decisions and their
widespread effects in financial markets. These studies have thoroughly examined biases such as
anchoring heuristics, disposition effect, overconfidence, loss aversion, representativeness bias,
mental accounting, confirmation bias, gambler’s fallacy, regret aversion, and familiarity bias.

The objective of this study is to better understand the effects of these behavioral biases on
individual investors and to demonstrate how these biases are reflected in market behaviors. As a
result, it will be possible to further develop studies aimed at incorporating human behaviors into
portfolio optimization techniques. For this purpose, agent-based models will be used to simulate
the interactions between market scenarios and investor behaviors. Agent-based models will
allow us to visualize how each investor's decisions and interactions create an impact on the
overall market dynamics, thereby enabling a more realistic modeling of the complexity and
diversity of investor behaviors. The ABM (Agent-Based Modeling) methodology, which forms
the basis of this study, will continue to maintain its importance in the coming period. This is
because the point reached in the learning and response speeds of large language models heralds
the onset of Artificial General Intelligence (AGI), representing generalized human cognitive
abilities in software, beginning to interact with humans in various fields, especially in financial
markets. Consequently, modeling transactions in the markets and outlining interactions between
AGIs will again constitute the fundamental subjects of ABM.

The innovative approach of this study is to provide a general framework for researchers
to conduct a more comprehensive analysis of market behaviors by integrating behavioral
finance theories with real market data. Agent-based models are a highly effective tool in
demonstrating how behavioral biases affect market prices and volatility, how these biases
interact with each other, and how they can lead to cyclical movements in financial markets.

The contribution of this study to the literature is that it presents a new perspective in the
field of behavioral finance and encourages the use of agent-based models. These models will
help understand the effects of investor decisions and behaviors on markets more deeply and will
provide significant tools for better understanding and managing financial markets. Furthermore,
this study will also contribute to the development of policy recommendations aimed at
preventing instability in financial markets.

In the ongoing second part of the study, it presents a literature review on the interaction
between loss aversion, disposition effect, anchoring and adjustment bias, and socio-
demographic and psychological factors, as well as on ABM and behavioral biases in financial
markets. The third section delves into the foundation of the simulation related to the ABM,
explaining the basic classes, methods, assumptions, and models to shed light on the
methodological and analytical depth of the research. The fourth section examines the findings
and analysis results related to the agents obtained. The fifth and final part contains the general
conclusions and evaluations of the study. This structure illuminates the methodological and
analytical depth of the research by formally conveying the relevant theoretical and practical
findings.
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2. Theoretical Framework and Literature Review

The section delves into pivotal behavioral economics concepts, chiefly loss aversion, and
the disposition effect, elucidating their profound influence on financial decision-making. It
embarks on a comprehensive journey through the intricate ways in which loss aversion—
people's tendency to prefer avoiding losses over acquiring equivalent gains—shapes individual
and collective economic behaviors, guided by seminal theories like Prospect Theory.
Furthermore, it explores the disposition effect, highlighting investors' bias towards selling
winners too early and holding losers for too long. This narrative is enriched with empirical
evidence spanning various demographics, showcasing the multifaceted impact of these biases
on economic decisions and investor behavior across different socio-economic backgrounds.
Through an in-depth analysis of existing literature, this section not only underscores the
complexity of financial decision-making processes but also sets the stage for understanding how
these biases interact within the broader financial ecosystem, contributing significantly to the
fields of ABM and behavioral economics.

2.1. Loss Aversion

The studies discussed in this section illuminate the role of loss aversion in financial
decision-making processes and how this concept interacts with various socio-demographic and
psychological factors.

Loss aversion can be defined as the tendency of individuals to be more affected by losses
than by gains, and it is one of the most significant concepts in behavioral economics. This
phenomenon was thoroughly examined within the Prospect Theory developed by Tversky and
Kahneman (1991, 1992) and has played a crucial role in studies concerning financial decision-
making processes, investor behaviors, and economic models. Loss aversion manifests not only
on an individual level but also within societal and economic structures in various forms. In this
context, understanding how loss aversion interacts with demographic, socio-economic, and
psychological factors is critical for comprehensively understanding the financial decisions of
individuals and communities.

Fisher (2013) questioned the presence of loss aversion in household saving behaviors in
Spain, while Malloy (2015) assessed the effects of parental income on children's education and
income levels from the perspective of loss aversion. On the other hand, the study by Boyce et al.
(2013) addressed the effects of income changes on individuals' living conditions and their
responses to these changes from the perspective of loss aversion. It was noted that factors such
as employment status, household structure, and health condition play a significant role in the
responses to income changes.

Johnson et al. (2015) investigated how loss aversion affects the decision-making
processes of car buyers. He found that the importance car buyers place on attributes such as fuel
consumption, comfort, safety, and information systems is determinative of loss aversion. Arora
and Kumari’s (2015) study examines the effects of age and gender on loss aversion and regret
among 450 investors, while Vendrik and Woltjer (2007) evaluates the impact of income
changes relative to social reference groups on individuals' life satisfaction within the framework
of prospect theory.
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Boyce et al. (2016) associated the impacts of income changes on individuals' life
satisfaction with levels of conscientiousness, while Géchter et al. (2022) examined levels of loss
aversion in risk-free and risky choices. These studies have shown that loss aversion not only
affects financial decision-making processes but also influences individuals' life satisfaction and
perceptions of risk.

Blake et al. (2021) conducted a survey study with over 4.000 participants in the United
Kingdom to reveal how loss aversion is related to demographic characteristics. The study found
significant correlations between loss aversion and factors such as gender, age, education, and
financial knowledge, demonstrating how this aversion to loss reflects individual differences.
Dawson (2023) explored the role of psychological factors in risk preferences by associating
gender differences with optimism and loss aversion, examining how these psychological factors
influence risk preferences.

Specifically, these studies have investigated how loss aversion interacts with
demographic factors such as age, gender, education level, income, and social class, and how this
interaction shapes individuals' economic decisions. Additionally, the relationship between loss
aversion and individuals' psychological states, personality traits, and future expectations has
also been a focal point of these studies. This overview provides a rich foundation for
understanding loss aversion and assessing its role in economic decision-making processes. It
contributes significantly to ABM and behavioral economics theories, establishing a basis for
comprehending the multifaceted nature of loss aversion and its complex role in financial
decision-making processes (see Table 1).

Table 1. Combined Effects Table of Socio-Demographic and Psychological Components on Loss
Aversion

Feature

Features Effect on Loss Aversion
Category

Women tend to exhibit a higher tendency towards loss aversion
compared to men.

Young adults and older individuals have higher loss aversion; there's a
tendency to decrease in middle age.

Gender
Demographic
Age

The tendency towards loss aversion generally decreases as the level of

Education and Education Level education increases.

Financial . . . . S .
ancia Financial A low financial understanding indicates a higher tendency towards loss
Knowledge .
Knowledge aversion.
Social Class Higher social classes tend to exhibit less loss aversion.
Socio- Income As income increases, the tendency towards loss aversion decreases.
Economic Savings and Homeowners and individuals with high savings tend to have lower
Homeownership levels of loss aversion.
. Individuals who are single or have a partner exhibit less loss aversion
Marital Status - .
Personal compared to those who are divorced, separated, or widowed.
Situation gﬁmjk)ri:]Of Individuals without children exhibit higher levels of loss aversion.
Personality Type Competitive and optimistic individuals tend to exhibit less loss aversion.
Other Emotional State  Emotional state can significantly affect loss aversion.

Political Leanings Individuals with conservative leanings tend to exhibit less loss aversion.

Note: The table above presents the combined effects of components identified as a result of a literature study,
prepared for use in an ABM model. It is based on the findings from the studies of Blake et al. (2021), Boyce
et al. (2013), Arora and Kumari (2015), Vendrik and Woltjer (2007), and Johnson et al. (2015). This
integration of socio-demographic and psychological components into the ABM model aims to provide a
more nuanced understanding of how various factors influence loss aversion among individuals, thereby
enabling a more accurate simulation of economic and financial decision-making processes.

91




Ekonomi, Politika & Finans Arastirmalar1 Dergisi, 2024, 9(1): 88-122
Journal of Research in Economics, Politics & Finance, 2024, 9(1): 88-122

2.2. Disposition Effect

The disposition effect is a significant behavioral bias frequently observed in financial
decision-making processes. This bias describes the tendency of investors to sell their winning
investments prematurely and hold onto their losing investments for too long. Recent research in
this field has highlighted the impact of the disposition effect on investor behaviors and how this
effect is related to various factors (Weber and Camerer, 1998; Frazzini, 2006).

Orenga et al. (2021) used data from Brazilian individual investors to examine the
relationship between demographic characteristics, market conditions, and risk-taking tendency
with the disposition effect. Their findings suggest that risk-averse and male investors are more
prone to the disposition effect, while age does not seem to be related to this tendency. Similarly,
Dhar and Zhu (2002) analyzed investors' tendencies towards the endowment effect using trading
records from a large discount brokerage firm, observing that individuals in wealthier and
professional occupations exhibited less of an endowment effect. Zahera et al. (2019) reviewed
research in the field of behavioral finance to highlight how investors' sophistication and trading
experience, along with gender and other demographic variables, influence the endowment
effect.

Cheng et al. (2013) analyzed how internal and external factors such as gender, age, and
market conditions are related to the endowment effect among retail futures traders on the
Taiwan Futures Exchange. They observed that women and older traders have a stronger
endowment effect. Talpsepp (2013) focused on the trading characteristics and endowment effect
tendencies of individual investors on the Estonian stock market, concluding that older age
groups and female investors tend to perform better.

Cecchini et al. (2019) investigated the relationship between individuals' behaviors related
to the endowment effect and their personality traits, observing that individuals with extroversion
and high levels of conscientiousness tend to exhibit less of an endowment effect. Goo et al.
(2010) examined the endowment effect and its potential characteristics among Taiwanese
investors, finding that the investors' level of education and their experiences of gains or losses
over the past three years have a significant impact on the endowment effect.

Trejos et al. (2019) analyzed the behaviors of individual investors related to
overconfidence and the endowment effect, finding that investors' overconfidence can be
explained by gender, career, and education level, but factors such as age and nationality were
not significant. Richards et al. (2011) studied individual investors in the United Kingdom,
showing that the endowment effect and the use of stop-loss orders decrease with age and
sophistication.

Finally, Dharma and Koesrindartoto (2018) examined the behaviors related to the
endowment effect among Indonesian investors, finding that demographic factors play a
significant role in the decision to sell winning or losing stocks. All these studies collectively
underscore the complex impact of the disposition effect on investor behaviors and demonstrate
that this effect can be associated with a variety of demographic and psychological factors (see
Table 2).
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Table 2. Combined Effects of Socio-Demographic and Psychological Components on Disposition

Effect
Feature Features Effect on Disposition Effect
Category
Males are generally less prone to the disposition effect; females
Gender (Male/Female) and older investors might have a higher endowment effect.
Age No clear relationship; however, older investors may have a

Demographic

Education Level
Ethnic Origin

higher endowment effect due to decreased investment abilities.
Individuals with higher education levels are generally less
prone to the endowment effect.

Disposition effect tendencies vary according to ethnic origin.

Professional Status

Individuals in professional jobs generally have a lower
endowment effect.

Socio- . Investors with larger investments may be less affected by the
. Asset Size
Economic endowment effect.
Sophisticated Investor ~ Sophisticated investors tend to sell profitable assets and hold
Status onto losing ones.
Erlzk;ili(tmg Risk-averse investors are more prone to the endowment effect.
Personal P y .
. Investors who trade more frequently are more prone to this
Trading Frequency . .
cognitive bias.
Market Type Endowment effect decreases in bull markets, while it is higher
Market (Bull/Bear Market) in bear markets.
Conditions Market Size and Smaller and less liquid markets are more prone to the

Liquidity endowment effect.

Note: This table shows the combined effects identified as a result of literature studies prepared for use in
an ABM model, based on the findings from the studies of Orenga et al. (2021), Dhar and Zhu (2002),
Zahera et al. (2013), Cheng et al. (2013), Talpsepp (2010), Cecchini et al. (2019), Goo et al. (2010),
Cristian Trejos et al. (2019), Rutterford et al. (2011), and Dharma and Koesrindartoto (2018).

2.3. Anchoring and Adjustment Bias

Anchoring and adjustment bias play a significant role in the financial decision-making
process. This psychological tendency manifests as individuals' excessive reliance on a specific
starting point (anchor) and their insufficient adjustment to new information. Below are the
findings and impacts from some key research studies on this concept.

Habbe (2017) revealed in his study that investors overreact to current earnings
information by overly relying on past earnings levels and patterns, suggesting that investors use
previous earnings as an anchor. This indicates the significant influence of anchoring on financial
decision-making, where historical performance excessively shapes expectations for current and
future performance. Simmons et al. (2010) investigated the accuracy of adjustments made from
given anchor values and the effect of motivation on these adjustments. Their findings
demonstrate that motivation and the credibility of anchor values can influence the magnitude of
adjustments, highlighting the role of personal incentives and belief in the reliability of
information in the adjustment process. Hien et al. (2014) conducted research on the
susceptibility of analysts in the Vietnamese financial market to anchoring and adjustment bias in
future earnings forecasts. The study found that analysts, regardless of gender, were affected by
this bias, emphasizing the universal impact of anchoring across different demographics within
professional financial analysis. Davis et al. (1986) explored how married couples predict each
other's preferences, finding that participants tended to make predictions based on their own
preferences. This shows that anchoring and adjustment bias play a significant role in everyday
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decision-making, not just in financial contexts. People use their personal preferences as anchors,
which then biases their predictions about others' preferences. Together, these studies highlight
the pervasive influence of anchoring and adjustment bias across various domains, from financial
markets to personal relationships. They underscore the importance of being aware of how initial
information or personal experiences can serve as anchors, potentially leading to biased
adjustments and decisions.

Champonnois et al. (2018) tested the potential of different survey formats to mitigate the
anchoring effect, revealing how various formats can influence participants' decision-making
processes. This study emphasizes the impact of presentation and context on reducing cognitive
biases. Hurwitz et al. (2018) examined the impact of anchoring bias on decisions regarding the
allocation of retirement savings. They found that individuals used the mandatory minimum
annuity amount as an anchor, leading to choices of higher annuities, which highlights the
influence of initial reference points on financial planning decisions. Khan et al. (2017) analyzed
the extent to which investors in the Malaysian and Pakistani stock markets are prone to various
heuristic approaches and the effects of these approaches on investment decisions. Their study
underlines the significance of heuristic biases in investment decisions, especially in emerging
market contexts, pointing out the importance of intuitive thinking patterns on the financial
behavior of investors. Arora and Rajendran (2023) explored the susceptibility of individual
investors in India to anchoring and endowment effects and how these tendencies change under
market volatility. Their research assesses the impact of these behavioral tendencies on portfolio
performance, highlighting the need for awareness and mitigation of such biases in volatile
markets. Shin and Park (2018) investigated the influence of foreign investors on the anchoring
effect in the South Korean stock market. This study suggests that the presence of foreign
investors might reduce cognitive biases in equity markets, indicating that international
diversification could be beneficial in mitigating behavioral biases. Lastly, King (2023)
examined how the severity of tax fraud penalties and national social norms influence tax
compliance. This study provides a focused examination of the effects of anchoring and
adjustment bias on economic decisions, specifically in the context of tax behavior, emphasizing
the role of contextual factors and initial anchors in shaping compliance behavior.

This extensive literature review demonstrates that anchoring and adjustment bias plays a
significant role in decision-making processes in financial markets and everyday life. Being
aware of such biases can help investors and individuals make more informed and effective
decisions (see Table 3).
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Table 3. Combined Effects of Socio-Demographic and Psychological Components on Anchoring
and Adjustment Bias Effect

Feature Category  Features Effect of Anchoring and Adjustment Bias

Men have shown a tendency to choose higher annuities and

Gender . . .
. are more prone to anchoring and adjustment bias.
Demographic .
Age Young' adults and_ retlremgnt-age groups are more
susceptible to anchoring and adjustment bias.
Higher income levels may reduce the impact of anchoring
Income and adjustment bias; individuals with higher income are less
likely to be influenced by this bias when choosing higher
annuities.
Socio-Economic Job Experience Greater experience reduces the effect of anchoring and
P adjustment bias.
Financial Those educated in finance and accounting are less
Knowledge susceptible to anchoring and adjustment bias.
. The potential of penalties to increase compliance and the
Regulation

effect of social norms as anchor information exist.

Decision-Making Participants’ unique decision-making processes tend to

Personal Processes reduce susceptibility to anchoring and adjustment bias.

Foreign investors with more market experience exhibit less
anchoring and adjustment bias.

Foreign investors are less prone to anchoring and adjustment
bias compared to local investors.

Market Experience

Market Conditions  Investor Origin

There is a high susceptibility to anchoring and endowment

Price Fluctuations effects under market volatility.

Note: The table above presents the combined effects of components identified as a result of a literature
study, prepared for use in an ABM model. It is based on the findings from the studies of Orenga et al.
(2021), Dhar and Zhu (2002), Zahera et al. (2013), Cheng et al. (2013), Talpsepp (2010), Cecchini et al.
(2019), Goo et al. (2010), Cristian Trejos et al. (2019), Rutterford et al. (2011), Dharma and
Koesrindartoto (2018), Habbe (2017), Simmons et al. (2010), Hien et al. (2014), Davis et al. (1986),
Champonnois et al. (2018), Hurwitz et al. (2018), Khan et al. (2017), Arora and Rajendran (2023), Shin
and Park (2018), King (2023).

2.4. All Biases Interactions

Parveen and Siddiqui (2018) explored the roles of anchoring and adjustment heuristic,
disposition effect, and overconfidence biases in the decisions of investors at the Pakistan Stock
Exchange. Their findings indicate that the anchoring and adjustment heuristic and disposition
effect positively affect investment returns, whereas overconfidence bias has a detrimental effect.
Moosa et al. (2017) highlighted the impacts of behavioral biases such as loss aversion,
disposition effect, and representativeness bias on financial decision-making processes. They
pointed out that these biases have widespread effects in financial markets and significantly
shape investor decisions. Bokhari and Geltner (2011) demonstrated the importance of loss
aversion and anchoring effects in the commercial real estate market. Their study analyzed the
impact of these biases on the sale prices and listing prices of commercial real estate in the USA,
showing that sellers' asking prices influence buyers' valuations and ultimately, the final sale
prices. Asadi et al. (2020) conducted a study on the Tehran Stock Exchange to examine the roles
of adjustment and anchoring bias and disposition effects in the formation of momentum returns.
This research found that investors were more affected by adjustment and anchoring bias than by
the disposition effect. Hascaryani and Maski (2021) investigated the relationships between
investors' risk-taking behaviors and the intuitive herd behavior and disposition effect. Their
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study revealed that intuitive behaviors increase investors' herd behavior and disposition effect,
leading to more aggressive risk-taking behaviors.

Leung and Tsang (2011) analyzed the predictability of home prices in the Hong Kong
housing market in terms of loss aversion and anchoring effect. Their research highlighted the
impacts of loss aversion and anchoring effect on home prices and transaction volumes, showing
how these biases can significantly influence market dynamics. Cho and Chalid (2021)
conducted a study on the Indonesian stock market to examine investors' behavioral biases and
their effects on investment performance. The research identified overconfidence, loss aversion,
anchoring and adjustment, mental accounting, and confirmation biases, finding that these biases
have diverse impacts on the performance of certain investors. Madaan and Singh (2019)
investigated the behavioral biases of individual investors at the Indian National Stock Exchange
and their effects on investment decisions. The study revealed significant effects of
overconfidence, anchoring, disposition effect, and herd behavior on investor decisions and
market behaviors, emphasizing the importance of these biases in financial decision-making.
Dervishaj (2021) conducted a literature review on the significance of the human factor in
investor decisions and behavioral biases. This work distinguished between cognitive and
emotional biases, addressing overconfidence, representativeness, anchoring, gambler's fallacy,
regret aversion, confirmation bias, disposition bias, hindsight bias, familiarity, and home bias,
showcasing the wide range of biases that affect investor decisions. Saivasan and Lokhande
(2022) explored the relationship between investor risk perception and demographic and
psychological factors. Their study analyzed the interactions between risk propensity, behavioral
biases, and demographic factors, finding significant effects of overconfidence, disposition
effect, herd behavior, anchoring effect, and familiarity bias on investors' risk perceptions.

Table 4. Behavioral Biases Interactions

Behavioral Bias Interactions and Effects

Demonstrates that fear of losses significantly influences financial decisions and
market prices, leading to a reduced inclination towards investing in risky assets.
This aversion can cause market instability as investors react strongly to potential
losses compared to equivalent gains.

Loss Aversion

Positively impacts investment returns by illustrating how investors are predisposed
Disposition Effect to sell assets that have gained value while holding onto assets that have lost value.
This effect plays a crucial role in portfolio management and decision strategies.

Negatively affects investor decisions and investment returns by causing investors

Anchoring and to overestimate their knowledge and decision-making abilities. This bias can lead

Adjustment to excessive risk-taking and disregard for potential market signals.

Overconfidence bias negatively affects investor decisions and investment returns.
Overconfidence Overconfidence causes investors to over-evaluate their own decision-making

abilities.

Increases risk-taking behaviors among investors and reinforces the disposition
Herd Behavior effect. It highlights the tendency of investors to follow the majority, which can

amplify market trends or contribute to the formation of bubbles.

Note: The table above presents the combined effects of components identified through a literature study,
prepared for integration into an ABM model. It is based on the findings from the research of Moosa and
Ramiah (2017), Leung and Tsang (2011), Parveen and Siddiqui (2018), Asadi et al. (2020), Bokhari and
Geltner (2017), Cho and Chalid (2021), and Hascaryani and Maski (2021).

These studies reveal the presence of various behavioral biases that affect investor
decisions in financial markets and the complex interactions among these biases. Understanding
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and managing these biases can contribute to the development of ABMs that can help investors
make more rational decisions and policymakers make more effective decisions, thereby
contributing to the stability of financial markets through more effective portfolio management
(see Table 4).

3. Agent-Based Modeling (ABM)

ABM has indeed revolutionized the fields of finance and economics within the social
sciences by transcending the limitations of existing theoretical frameworks and offering more
comprehensive and realistic analyses. The unique representation that ABM provides for the
social sciences forms a cornerstone of this discussion. It presents an ideal approach to modeling
the complexities of financial markets through its ability to express the behaviors, motivations,
and interactions of social agents, such as individuals and institutions, in a more natural and
holistic manner. This allows researchers not only to understand interactions at the micro level
but also to grasp how these interactions create new dynamics and structures at the macro level.

ABM's strength lies in its ability to simulate the individual actions of agents based on a
set of rules, observing the emergent patterns and phenomena that result from the collective
behavior of these agents. This methodological approach enables the exploration of complex
adaptive systems where traditional models might fall short, providing insights into the emergent
properties of financial markets such as bubbles, crashes, and market efficiency or inefficiency.
The granularity and flexibility of ABM facilitate the examination of the specific conditions
under which certain market phenomena occur, including the impact of regulatory changes, the
introduction of new financial instruments, or shifts in investor sentiment.

Moreover, ABM's capacity to incorporate heterogeneity among agents—reflecting the
diversity in investors' strategies, risk preferences, and reaction to new information—enhances its
realism and applicability to real-world scenarios. This contrasts with more traditional models
that often assume homogeneity and rationality among agents, potentially overlooking critical
aspects of human behavior and market dynamics.

The most thrilling aspect of ABM is indeed its capacity to reveal emergent phenomena, a
capability that traditional models often cannot match. Observing how market norms and
institutions arise from the interactions of individuals allows us to explore areas previously
inaccessible, shedding light on the complex dynamics that underpin financial and economic
systems.

By focusing on how these emergent phenomena can be measured and evaluated, the study
aims to quantitatively demonstrate how micro-level motivations translate into macro-level
behaviors. This approach not only provides insights into the mechanisms driving market
dynamics but also offers a framework for understanding the conditions under which certain
phenomena emerge. For instance, ABM can elucidate how collective behaviors such as market
trends, bubbles, and crashes develop from individual actions and decisions, offering a deeper
understanding of market psychology and investor sentiment.

Consequently, ABM holds the potential to fundamentally transform our approach to
comprehending and addressing complex issues in finance and economics. By materializing this
revolutionary potential, the aim is to demonstrate ABM's transformative impact in the social
sciences. This approach will not only expand the current body of knowledge but also provide a
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new roadmap for future research in these fields. The ability of ABM to incorporate a wide range
of variables and simulate diverse scenarios makes it an invaluable tool for testing hypotheses,
assessing policy impacts, and forecasting future trends. Through its application, researchers,
policymakers, and practitioners can gain novel insights and develop more effective strategies for
navigating the intricacies of financial markets and economic systems.

The roots of the ABM approach date back to the late 1940s, and it gained popularity in
the 1990s alongside advancements in computer technology. One of the first conceptual models
of ABM was the "segregation model" developed by Thomas Schelling (in 1971, 1974, and
1978), which was used to understand the dynamics of segregation between ethnic or economic
groups. In the 1990s, ABM found a wide application in the social sciences, with significant
models such as "Sugarscape" developed by J.M. Epstein and R. Axtell, examining social
phenomena like migrations and the spread of diseases. Epstein and Axtell's model simulates
complex social structures and phenomena that emerge from individuals acting on simple rules
(Epstein and Axtell, 1996). ABM offers the ability to study the macro-level collective outcomes
of micro-level individual decisions and interactions, aiding scientists in understanding the
dynamics of complex systems and how these systems evolve (Gilbert, 2019).

Bankes (2002) emphasizes that ABM has created a revolutionary transformation in the
social sciences, particularly in the fields of finance and economics. ABM has the potential to
offer more comprehensive and realistic analysis by overcoming the limitations of existing
theoretical frameworks. Bankes highlights that ABM allows for a deeper understanding of
human behaviors and market dynamics by transcending traditional modeling limitations such as
linearity, homogeneity, normality, and stationarity. He points out the advantages of ABM's
unique representation in the social sciences, where behaviors, motivations, and interactions of
social agents like humans and institutions can be expressed more naturally and holistically. This
is especially ideal for modeling the complexity of financial markets. He underscores ABM's
capability to guide the understanding not only of micro-level interactions but also of how these
interactions create new dynamics and structures at the macro level. One of the most exciting
aspects of ABM, as Bankes notes, is its capacity to uncover emergent phenomena—a realm
beyond the reach of traditional models. This offers the opportunity to observe how market
norms and institutions emerge from the interactions of individuals. The focus on how to
measure and evaluate emergent phenomena and quantitatively examine how micro motivations
transform into macro behaviors is a key area of study within ABM's application in social
sciences.

Macal and North (2009) highlight the advantages of ABM as an approach capable of
encompassing complex interactions and individual behaviors, especially against the limitations
of traditional modeling methods in contexts such as economic markets. They note that agents in
models are defined as independent components with heterogeneous, dynamic characteristics and
behavior rules, which can range from simple "if-then™" rules to complex behavior models. The
autonomy, social interaction, and decision-making capabilities of agents are emphasized. For
developing effective agent models, accurately defining the types and behaviors of agents is
crucial, as agents are often considered as decision-makers of a system, and behavior models are
designed to reflect the real-world behaviors of agents. ABM offers several advantages over
traditional approaches in modeling economic systems, including reflecting agents' natural
behaviors, adaptation and learning abilities, participation in dynamic strategic interactions,
modeling organizational formation processes, and incorporating spatial components. The study
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also elaborates on different ABM applications such as the "Soup” model, Cellular Automata,
Euclidean Space, GIS (Geographic Information System), and Network Topology, discussing
their advantages. These models are used in various fields including social network analysis, the
spread of contagious diseases, biological systems, traffic flow, urban planning, ecology,
physical geography, environmental planning, disaster management, urban development,
communication networks, and information dissemination (Macal and North, 2009).

Kligl and Bazzan (2012) emphasize the capability of ABM to generate a variety of
complex phenomena, highlighting its potential to capture the core features of problems where
the traditional modeling and simulation paradigm struggles. They note that ABM stands out by
applying multi-agent systems to the foundational structure of simulation models and
conceptualizing active components or decision-makers as agents, thereby showcasing the ability
to generate a global phenomenon from the actions and interactions of individual agents. They
identify three fundamental elements that must be considered when creating an ABM model:
agents, interactions among agents, and the simulated environment. They stress that these
interactions are responsible for producing the overall outcome of the model, and their design is
of critical importance. They also detail the advantages ABM offers over traditional techniques,
describing ABM as a modeling and simulation paradigm that allows for complex agent designs
with high explanatory power. This approach provides the opportunity to observe and analyze
model dynamics at both the local agent level and the macroscopic level, taking into account
factors such as the heterogeneity of the agent population or variations in the environment.
Furthermore, they list situations where ABM is particularly suitable. These include systems
where dynamics emerge from flexible and local interactions, systems that need to represent
heterogeneity in terms of behavioral rules, multi-layered systems containing emergent
phenomena, systems where decision-making occurs at different aggregation levels, systems
involving learning or evolutionary processes, and socio-technical systems that include
intelligent human behaviors. This highlights ABM's versatility and its applicability to a wide
range of complex systems across various domains.

Klein et al. (2018) thoroughly examine how ABM has transformed the study of social,
economic, historical, and political phenomena. The research highlights the history and
development of ABM's use in social sciences, drawing attention to how classical theoretical
approaches like Adam Smith's "invisible hand" theory and Schelling's segregation model have
been incorporated into ABM. It notes the rise in popularity of ABM with the spread of personal
computers in the 1980s and how the terms "agent-based model™ and "agent-based computational
model” have become synonymous. The study also touches upon ABM's target systems and
modeling objectives. It mentions that ABM can cover a wide range of target systems from
singular events to general phenomenon classes, concretizing theoretical assumptions within
these systems to test their ability to generate relevant phenomena. The modeling objectives are
said to vary from explaining phenomena to predicting the future, with some models aiming to
explain specific social phenomena while others illuminate policy decisions or future scenarios.
Finally, the discussion turns to model validation and validity. ABMs can be considered "toy
models,” meaning they are highly simplified and abstract representations of target systems. The
study emphasizes that such models are often not intended for making quantitative predictions
but are used to test the consistency of existing theoretical frameworks or understand specific
mechanisms (Klein et al. 2018).
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Udehn (2001) and Hedstrém (2005) emphasize ABM's ability to analyze the dynamics of
social systems by representing the repeated and coherent interactions of agents. These models
demonstrate social-level dynamics as the aggregate result of interactions among agents within
the system, where agents can range from individuals to states. Equipped with the capacity to
perceive their environment and make autonomous decisions, these agents play significant roles
in social systems. ABM employs elements such as agents, behavior rules, and interaction
mechanisms to model social systems. This approach is utilized within Coleman's Social Theory
framework to explain how macro-level structures influence micro-level behavior and vice versa.
The design process of ABM compels modelers to explicitly state their assumptions and
articulate all parameters and mechanisms precisely, offering a clearer understanding of the
assumptions and scope underlying scientific arguments. This process enhances transparency and
facilitates a deeper insight into the complex interplay between individual actions and collective
outcomes, contributing significantly to our understanding of social phenomena.

ABMs vary depending on the target systems and modeling objectives. While some
models aim to explain a specific event or a general class of phenomena, others are used to test
existing theoretical accounts or to understand how specific mechanisms work and their effects.
Griine-Yanoff (2009) points out that ABMs differ in terms of model validation and validity, and
in some cases, these models can be described as "toy models.” These models are often used not
for making quantitative predictions but rather for testing the consistency of existing theoretical
frameworks or understanding specific mechanisms. These studies thoroughly explore the role
and significance of ABM in social sciences, emphasizing its capability to understand and
explain complex social dynamics. They provide a crucial guide for researchers working in this
field, detailing the unique contributions of ABM to the understanding of social phenomena
(Udehn, 2001; Hedstrom, 2005; Griine-Yanoff, 2009).

J. Coleman's Social Theory is a framework used particularly in sociology to understand
the interactions between individual behaviors and social structures. Coleman's theory focuses on
the actions of individuals within social structures and the effects of these structures on
individual behaviors. It aims to establish a connection between micro-level individual behaviors
and macro-level social systems, visualizing this connection through a diagram known as
"Coleman's Boat." Coleman's Boat explains the interactions between individuals' personal
preferences, beliefs, behaviors, and social structures such as societal rules, norms, and
institutions through three main components. Firstly, at the individual level, individuals'
decisions are influenced by their inner worlds and social environments. Secondly, at the social
system level, societal factors that affect individuals are considered. Thirdly, the micro-macro
interaction examines how individuals' behaviors can impact broad social systems and how
social structures can shape individuals' behaviors. This interaction demonstrates how the
collective outcomes of individual behaviors can affect social structures and how social
structures can guide individuals' behaviors. Coleman'’s Social Theory provides deep insights into
social change, societal interaction, and the roles of individuals within social structures. It is
widely used in social sciences to understand the complex interactions between individual and
societal phenomena. The study by Tiirk (2015) compares Coleman's theory with Bourdieu's
(1986) work on social capital, examining different approaches in sociological thought and
discussions on social capital. Tiirk thoroughly discusses the contributions of these two thinkers
to the concept of social capital and the similarities and differences between their theories (Tiirk,
2015, Bourdieu, 1986; Coleman, 1990;).
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In social sciences, apart from Coleman's Social Theory, there are many significant
theories that help understand the functioning of society, social structures, and behaviors. These
theories offer various approaches to comprehend the complex interactions between society and
individuals:

E. Durkheim introduced the concept of social facts to highlight the impact of society on
individuals. According to Durkheim, social facts are societal norms, values, and institutions that
are outside individuals' control and shape their behaviors. This theory examines the effects of
society on individuals and how social norms and values are internalized (Gisbert, 1959;
Varenne, 1995). K. Marx developed the conflict theory, arguing that society is founded on class
struggles. This theory examines how economic forces affect the relationships between social
classes and societal change. Marx's approach emphasizes the economic foundations of social
structures and relationships and how class struggles lead to social change (Turner, 1975; Sedek,
2018). M. Weber analyzes the meanings and motivations behind individuals' social actions.
Weber identifies four basic types of social actions and examines their effects on social
organizations and institutions. Weber's approach focuses on understanding the individual
meanings and motivations behind social actions and institutions (Munch, 1975). T. Parsons'
Theory of Structural Functionalism argues that society functions like an organism where
different parts work together as a system. He suggests that every social structure or institution
has a function for the operation of society. Parsons' theory explores how social structures and
functions interact with each other and maintain social stability (Parsons, 1951; Parsons and
Shills, 1951). Symbolic Interactionism, developed by thinkers like George Herbert Mead and
Herbert Blumer, concentrates on the interpretive processes that individuals employ to make
sense of the social world. This perspective examines how individuals construct meaning through
their interactions, thereby shaping social reality itself. It asserts that social meanings are not
inherent but are created and modified through social engagement (Carter and Fuller, 2016;
Blumer, 1986). M. Foucault developed the Power/Knowledge theory exploring how power and
knowledge are interconnected in society and shape social relations. Foucault analyzes how
power is not only repressive but also productive, forming social norms, identities, and
knowledge. Foucault's theory reveals the interaction of power and knowledge in society, how
social norms and identities are formed, and the productive role of power beyond its repressive
functions (Townley, 2005; Willcocks, 2004).

These diverse social theories serve as foundational building blocks in the social sciences
for understanding the functioning of society and the roles of individuals within social structures.
Each theory addresses different aspects of society and various factors influencing human
behavior, aiding in a better understanding of complex social phenomena. From Durkheim's
Theory of Social Facts to Foucault's Power/Knowledge Theory, these approaches strive to
explain how society and individuals influence each other and the outcomes of this interaction at
the societal level. These theories and concepts provide a set of assumptions that are essential for
accurately modeling real life in all stages of ABM, from the characteristics of agents, their
interactions, to the impact they create on the market. Developing models without considering all
these theories and concepts is not feasible, as they are crucial for reflecting the complexity and
dynamics of real-world phenomena in ABM simulations.
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3.1. Loss Aversion and Agent-Based Modelling

The integration of loss aversion with ABM offers significant progress in understanding
financial markets and investor behaviors. The examination of this concept through various
studies reveals the depth and complexity of financial decision-making processes.

Pruna et al. (2020) explore how ABM can be integrated with behavioral finance theories
to deeply examine the effects of loss aversion in financial markets. The study focuses on
expanding an existing asset pricing model to include the modeling of loss aversion effects. This
model is designed to simulate market behaviors and asset prices, taking into account agents'
varying levels of loss aversion. The interactions among these agents influence market dynamics
and price movements. The methodology of the study involves simulations that analyze the
behavior of the model under different parameters, and these simulations are used to test how
well the model aligns with real market data. Findings indicate that loss aversion plays a
significant role in asset prices and market volatility. Notably, agents with high levels of loss
aversion can increase price fluctuations and contribute to market instabilities. Finally, the study
highlights the importance of loss aversion in financial markets, demonstrating the value of using
ABM as an effective tool to test and understand behavioral finance theories.

Ezzat (2020) addresses an agent-based model that examines the interactions in financial
markets, particularly focusing on the impact of loss aversion on these interactions. Within the
scope of the study, the decision-making processes and behaviors of agents in financial markets
are simulated with respect to loss aversion, aiming to better understand agents' tendencies to
overreact to potential losses, and how this behavior contributes to price fluctuations and the
underlying causes of volatility in financial markets. The model investigates how agents respond
to market conditions and the behaviors of other agents by employing both technical and
fundamental analysis methods. Findings reveal that loss aversion significantly affects price
fluctuations and volatility in markets, and the model successfully simulates some stylized facts
observed in financial markets, especially market bubbles and crashes (Ezzat, 2020).

Lovric et al. (2010) have examined behaviors such as loss aversion and biased self-
attribution that affect investor decisions in financial markets. Their study showcases the use of
fuzzy aggregation operators to model the complexity of financial markets and investor
behaviors. The model characterizes investor agents by their sensitivity to losses and their
tendency to attribute successes to themselves and failures to external factors. These
characteristics are identified as significant factors influencing the agents' market behaviors and
decision-making processes. The findings of the study reveal that loss aversion and biased self-
attribution have substantial effects on investors' risk-taking behaviors and market dynamics
(Lovric et al., 2010).

3.2. Disposition Effect and Agent-Based Modelling

Studies on the disposition effect and ABM offer significant contributions to
understanding financial markets and investor behaviors. Research-based on ABM in this area
deeply examines the role of the disposition effect in financial decision-making processes and its
impacts on market dynamics.

Li (2014) has examined the effects of the disposition effect in financial markets on
investor behaviors and market dynamics. The agent-based model used in the study
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accommodates agents with various investment strategies and observes how these agents react to
market conditions, especially how they behave in response to price changes. This behavioral
tendency has significant effects on volatility and price movements in financial markets. The
findings of the research reveal that the impact of bad news on the market is greater than that of
good news, leading to asymmetric volatility.

Lin and Huang (2007) focused on the disposition effect in financial markets, examining
its impacts on investor decisions and market performance through ABM. This study deviates
from the assumptions of traditional finance theories and investigates investor behaviors in an
artificial futures market, analyzing the tendency of investors to close profitable positions early
and hold onto losing positions for too long. The findings of the study indicate that the
disposition effect has a significant impact on investor behaviors and market outcomes. It
suggests that while the S-shaped value curve based on prospect theory could contribute to this
effect, short-term mean reversion expectations might play a more decisive role.

Ezzat (2019) examined the asset pricing dynamics in a scenario where investors' trading
across multiple asset markets exhibits a trend effect. The study utilized an artificial financial
market filled with investors following two heterogeneous trading strategies to investigate the
effects of this trend on asset prices and the transition behaviors between multiple asset markets.
The results demonstrate the effectiveness of this approach in explaining significant stylized facts
observed in financial time series, such as the random walk dynamics of prices, bubbles, and
crashes, fat-tailed return distributions, lack of autocorrelation in raw returns, long-term volatility
memory, excess volatility, volatility clustering, and power-law tails. Additionally, it was found
that asset returns exhibit a fractal structure and self-similarity features, but transition behavior is
only possible between asset markets.

4. Model and Simulation

The ABM structure of the study is designed to simulate the real world by addressing the
behaviors of individuals (agents) in financial markets, interacting with considered biases, and
socio-demographic, and psychological factors. Each agent possesses socio-demographic
characteristics such as age, income, and gender, which are combined with psychological factors
like risk tolerance, utility, and value functions to form the behavioral profiles of the agents.
Agents have behavioral biases such as loss aversion, disposition effect, and anchoring and
adjustment bias. These characteristics are psychological tendencies that affect agents' financial
decisions and play a significant role in market dynamics.

The working mechanism of the model involves agents making decisions to buy, sell, or
hold based on market conditions. These decisions are shaped by the interaction of agents' socio-
demographic and psychological characteristics with market conditions. Each decision made by
the agents contributes to the total buying and selling pressure, which influences the
determination of market prices. Thus, the market price dynamically responds to the collective
behaviors of the agents.

At the end of the simulation, the changes over time in the agents' balances and the market
price are analyzed. This analysis is used to assess how well the model reflects the behavior of
financial markets. Descriptive statistics of the market price calculated with the data obtained
from the model serve as a general summary of market dynamics.
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Our model offers a powerful tool for understanding the complex nature of financial
markets and exploring the effects of individual investor behaviors on market dynamics. It is also
suitable for development to examine how market behavior can change under different economic
conditions with the addition of parameters. This modeling approach serves as a valuable
resource for predicting future behaviors of financial markets and managing potential risks.

For ABM simulation and analyses, Python libraries such as pandas, numpy, matplotlib,
prettytable, and mesa have been utilized. The model defines two significant classes: "Financial
Agent" and "Financial Market." The first class illustrates the characteristics of agents and how
these characteristics translate into buying and selling decisions in response to other agents'
moves in the market. The second class encompasses functions that describe the changes in the
price of the financial asset based on the decisions of the agents. The characteristics of agents
within the "Financial Agent" class have been established considering the meta-analyses related
to the literature review mentioned above.

4.1. Financial Agent Class

In this simulation model, each agent is initialized with a comprehensive set of attributes
that define their presence in the financial market. The “ init  function” is critical as it not
only sets the agent's initial balance, reflecting their financial strength, but also assigns socio-
demographic characteristics such as age, income, and gender, which are selected randomly
within specified ranges. Moreover, this function determines the agent's psychological
orientation towards risk-taking, a defining trait that shapes their approach to investment
decisions. These initial settings are fundamental, as they establish the framework within which
agents operate, laying the groundwork for their interactions within the market.

The psychological factors of each agent, encompassing risk tolerance, loss aversion, and
disposition effect, are pivotal as they directly influence market behavior. Risk tolerance, varying
from risk-averse to risk-neutral, to risk-loving, dictates the type of financial assets an agent is
likely to invest in, from stable, low-yield options to high-risk, high-return ones. The methods
calculating loss aversion and disposition effect further refine the agent's decision-making
profile, as these traits affect how they respond to profits and losses within the market. The
anchor balance sets a reference point for financial evaluations, embodying the anchoring bias
that can skew an agent's perception of market fluctuations.

Lastly, the data structure serves as a repository for the outcomes of the agents' decisions,
capturing details such as balance changes, asset prices, and transaction volumes. This data is
instrumental for analyzing the agents' performance and the overall market dynamics. It provides
insights into the collective impact of individual decisions, contributing to a deeper
understanding of complex market behaviors. Together, these elements form a robust simulation
environment where the nuanced interplay of agents' characteristics and market forces can be
observed and analyzed.

Incorporating insights from seminal works by Kahneman and Tversky, particularly their
loss aversion theory and Value Function, the utility function in this agent-based model is a vital
mechanism for predicting financial behaviors. According to Kahneman and Tversky's research
(1979 and 1984; Kahneman et al., 1991; Tversky and Kahneman, 1991, 1992), individuals
experience losses more intensely than gains, an asymmetry central to the model's design. This
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function assesses an agent's utility based on financial fluctuations, implementing a standard
utility function for gains by taking the square root of any positive change in balance, reflecting
diminishing marginal utility as proposed by classic economic theory.

Losses, on the other hand, are treated with amplified sensitivity. Here, the Loss Aversion
Coefficient (k) embodies the agent's degree of aversion to losses. The model takes the square
root of any negative balance change, scaling it by this coefficient, to indicate the
disproportionately negative impact of losses on utility—a principle central to behavioral
economics.

These modeling choices are foundational in ABM for simulating market behavior. The
utility function's differentiation between the agents' responses to gains and losses draws from
and extends the work of Kahneman and Tversky, capturing the nuanced human responses to risk
and financial outcomes. It's a crucial method for exploring how individual risk tolerance and
behavioral biases influence financial decisions, providing a microfoundation for market
dynamics that align with behavioral finance principles.

The value function in the agent-based model is a sophisticated tool that measures the
perceived value of an agent's current financial state, taking into account both the relative
changes from a baseline and the psychological underpinnings of financial decision-making.

The model starts by establishing a Reference Point (usually the agent's initial balance),
which serves as a psychological benchmark, known as the anchor balance. This benchmark is
then used to measure changes in the agent's financial position, calculating the Balance Change
as the difference between the current balance and the reference point. These changes are not
merely numerical but are imbued with subjective significance through the utility function,
which interprets these changes in terms of gains or losses, reflecting the agent's sensitivity to
changes in wealth.

Further, the Disposition Effect is factored into this evaluation by weighting the utility
value with the agent's predisposition effect coefficient. This coefficient encapsulates the agent's
psychological inclination to prematurely sell winning investments and hold on to losing ones, an
important behavioral bias in financial markets that often leads to suboptimal financial outcomes.

By applying this value function, the model effectively simulates the complex interplay
between an agent's financial state and their psychological responses to that state. It's a method
that showcases the agent's behavioral tendencies and their past financial experiences, providing
an intricate depiction of how these psychological factors can steer financial decisions and, by
extension, shape the dynamics of the market. The model, thus, provides a comprehensive
framework for examining the roles of both objective financial metrics and subjective behavioral
biases in the economic decision-making process.

In agent-based financial models, the calculate loss aversion method is a pivotal function
designed to quantify an agent's aversion to financial losses, incorporating socio-demographic
attributes such as age, income, and gender. This method leverages the sigmoid function to
integrate these factors, providing a nuanced understanding of how loss aversion varies among
individuals.

For the age factor, the model utilizes a sigmoid function, reflecting a shift in loss aversion
around the age of 40. This suggests a nuanced relationship between age and loss aversion,
where younger individuals might exhibit a lower aversion to losses, potentially due to a higher
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risk tolerance or lesser financial responsibilities. In contrast, as individuals age, particularly past
the 40-year mark, an increased sense of financial caution and hence higher loss aversion might
manifest. This change underscores the impact of life stage on financial behavior, highlighting
the importance of age in shaping one's approach to financial risk.

Similarly, the income factor employs a sigmoid function to model changes in loss
aversion relative to income levels, pinpointing $50,000 as a critical threshold. This function
suggests that individuals with lower incomes exhibit higher loss aversion, possibly due to the
more significant impact of financial losses on their overall financial stability. Conversely, those
with higher incomes might demonstrate lower loss aversion, given their greater capacity to
absorb financial setbacks without severely compromising their lifestyle or financial goals.

The gender factor introduces another layer of complexity by suggesting gender-specific
differences in loss aversion, with women presumed to have higher loss aversion than men. This
assumption could be linked to broader societal and psychological factors that influence financial
decision-making processes differently across genders.

By integrating these factors, the calculated loss aversion method synthesizes a
comprehensive measure of an agent's loss aversion, encapsulating the nuanced interplay
between socio-demographic characteristics and individual financial behavior. This approach not
only enriches the model's ability to simulate realistic market dynamics but also underscores the
critical role of individual differences in financial decision-making processes.

The calculated disposition effect method in agent-based models provides a sophisticated
approach to understanding the disposition effect, a well-documented behavioral bias in financial
markets. This effect, illustrating investors' inclination to sell winning assets too early while
clinging to losing assets for too long, is rooted in a complex interplay of socio-demographic and
psychological factors. By employing sigmoid functions and multipliers similar to those used in
calculating loss aversion, this method advances the conventional analysis of the disposition
effect, offering a more nuanced understanding rooted in individual characteristics.

The method's reliance on sigmoid functions allows for the nuanced modeling of how
different factors influence the intensity of the disposition effect. For instance, age, income, and
psychological attributes such as risk tolerance can significantly impact an individual's
propensity towards this bias. Younger investors might exhibit a different reaction to gains and
losses compared to their older counterparts, potentially due to varying financial goals or risk
appetites. Similarly, investors with different income levels may display distinct behaviors when
faced with the decision to realize gains or bear losses, influenced by their financial stability or
risk tolerance levels.

By integrating these socio-demographic and psychological variables, the calculate
disposition effect method enriches the traditional models, which primarily focus on trading
volumes and market data to analyze this phenomenon. It shifts the focus from a posterior
examination of market behavior to a more detailed, agent-specific analysis, considering
individual investor characteristics that predispose them to the disposition effect. This approach
not only provides insights into the behavioral underpinnings of financial decision-making but
also enhances the predictive power of agent-based models, offering a more comprehensive
framework for analyzing and understanding market dynamics and investor behavior.

106



O. Saltik, “Navigating the Stock Market: Modeling Wealth Exchange and Network Interaction with Loss
Aversion, Disposition Effect and Anchoring and Adjustment Bias”

However, this model allows for a more anticipatory (prior) evaluation of the disposition
effect at the individual level by directly using agents' socio-demographic and psychological
characteristics as factors in calculating the disposition effect. This approach aims to better
understand the impact of individual differences and characteristics on financial behaviors within
the framework of ABM (Kaustia, 2010; Hens and Vlcek, 2011).

In the model, the inversion of the sigmoid function used in the loss aversion function
represents a significant innovation in calculating the disposition effect. This method calculates
the disposition effect as a combination of factors such as age, income, and gender, taking into
account the characteristics of the agents. Thus, it allows for the analysis of this significant
phenomenon in behavioral finance theories from a more individual and unique perspective.

This approach contributes to a deeper understanding of market behaviors and investor
decisions. Moreover, the model highlights the role of behavioral factors in understanding
financial markets and investor decisions in a more detailed and nuanced manner. This presents a
new tool and perspective that can be used in both academic research and financial market
analyses.

In the realm of financial decision-making, the disposition effect stands as a behavioral
bias where investors are prone to sell assets that have gained in value too quickly while holding
onto those that have incurred losses for too long. The calculate disposition effect method
integrates several socio-demographic and psychological factors, such as age, income, and
gender, to offer a nuanced perspective on how these factors influence an investor's susceptibility
to this effect.

The age factor, defined by the formula
age factor = =1+ np.exp(—0.1 * (age — 40))) + 1 1)

posits a pivotal change around the age of 40. This modeling suggests that younger individuals,
below the age of 40, may exhibit a stronger disposition effect. Consequently, they might
prematurely sell assets that have appreciated in value or excessively hold onto underperforming
ones. This tendency, however, is indicated to diminish as individuals age, pointing to a
maturation in financial decision-making or a shift in investment strategies over time.

Similarly, the income factor, expressed as
income factor = —1(1 + np. exp(—0.0001 * (income — 50000))) + 1 (2)

implies that as an individual's income increases, their susceptibility to the disposition effect
decreases. Wealthier individuals, therefore, might demonstrate a greater propensity to divest
from losing investments more promptly or retain profitable ones for an extended duration,
possibly due to a heightened ability to absorb losses or a more strategic approach to asset
management.

Gender also plays a significant role in shaping the disposition effect, with the model
setting a higher gender factor for men (gender factor = 1.2 for men, 1.0 for women). This
indicates that men may be more likely than women to prematurely sell assets that have gained in
value or to hold onto those that have declined, potentially highlighting gender differences in risk
tolerance or investment behavior.
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Through the application of these factors, the calculate disposition effect method provides
a sophisticated tool for understanding the psychological and demographic dimensions
underpinning the disposition effect. By acknowledging the complex interplay between age,
income, gender, and investment behavior, this approach enhances the realism and depth of
agent-based financial models, offering valuable insights into the mechanisms driving investor
behavior in the market.

At the heart of ABM models is the step function, a dynamic mechanism that encapsulates
the decision-making processes of agents—be it to buy, sell, or hold assets. This process is
intricately shaped by the evolving market dynamics and the agent's own perception of value,
which is influenced by a spectrum of psychological factors including loss aversion, the
disposition effect, and the anchoring and adjustment bias.

The make decision function within the model embodies the essence of financial decision-
making, replicating how agents navigate through the financial market's volatility. It operates on
a foundation built upon the agent's balance and perceived value, meticulously factored in with
psychological underpinnings. A notable feature of this function is the Random Decision
Mechanism, introducing an element of unpredictability with a 50% chance for the agent to
engage in buying or selling, or alternatively, to hold its current position, thus mirroring the
partial rationality observed in real-world financial decisions.

Perceived value plays a pivotal role in steering the agent's actions, calculated through the
value function. This valuation hinges on the contrast between the current balance and a
predetermined reference point, directing the agent towards profit realization by selling if the
outcome is positive, or asset acquisition by buying in the face of losses. However, this
propensity is further nuanced by the agent's loss aversion and disposition effect, which are
recalibrated at each step based on the agent's demographic and psychological profile.

The decision-making calculus unfolds as follows: in profit scenarios, the agent's selling
tendency is activated if the current balance surpasses the anchor balance, with the disposition
effect determining the likelihood of selling. Conversely, in loss situations, the decision to hold
or buy is influenced by the agent's level of loss aversion. This dual mechanism of decision-
making not only enhances the realism of the model but also provides profound insights into the
behavioral dynamics governing financial markets. Through such ABM, the intricacies of
investor behavior under varying market conditions are vividly brought to life, offering a rich
tapestry of analysis for understanding market dynamics.

The agent-based models within financial market simulations embody the nuanced
decision-making processes of buying and selling assets, reflecting the complex interplay
between individual financial capabilities and market dynamics. In these models, the buy and sell
functions serve as the cornerstone for simulating agents' financial transactions, with each
function tailored to replicate the real-world scenarios of asset trading.

The buy function meticulously calculates the quantity of assets an agent can acquire,
drawing from its current balance and income to mirror real-life financial constraints. This
calculated quantity determines the total cost of purchase, which is then deducted from the
agent's balance, exemplifying the immediate financial implications of asset acquisition.
Moreover, the cumulative buying pressure, augmented by the quantity of assets bought by each
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agent, models the collective impact on market prices, showcasing the direct relationship
between buying decisions and market dynamics.

Conversely, the sell function outlines the process of selling assets, where the quantity sold
is influenced by the agent's current holdings and the prevailing market price. The resultant sales
revenue enhances the agent's balance, mirroring the financial boon of asset liquidation.
Additionally, the aggregate selling pressure, incremented by the sales of individual agents,
depicts the market-wide repercussions of selling activities, highlighting the intricate balance
between supply and demand.

The models extend further with the hold function, representing scenarios where agents
opt for inaction, emphasizing the strategic choice to maintain the status quo in fluctuating
markets. This decision reflects the cautious stance agents might take in response to uncertainty
or unfavorable market conditions.

Furthermore, the decision-making prowess of agents is showcased through the decided
quantity to buy and decide the quantity to sell functions. These functions model the deliberate
allocation of a portion of the agent's income or balance for buying or selling, respectively. The
calculated quantities, adjusted to feasible transaction sizes, underscore the pragmatism
embedded in financial decision-making processes, where agents meticulously plan their market
engagements based on current prices and personal financial health.

Together, these functions not only encapsulate the strategic financial decisions made by
agents in a simulated market environment but also illuminate the broader market mechanics
influenced by individual actions. By simulating these decision-making processes, agent-based
models offer invaluable insights into the dynamics of financial markets, enabling a deeper
understanding of how individual actions culminate in collective market behavior.

Income, price, and wealth effects have been considered for the functions created for
buying and selling quantities. Income is one of the key factors determining individuals'
purchasing power. In this function, a certain percentage of the agent's income is allocated for
purchases. As income increases, the agent can buy more assets, affecting market demand and
thus market dynamics. Agents respond to changes in asset prices based on their incomes. While
low-income agents may be more sensitive to price increases, high-income agents may be more
comfortable with price fluctuations. When examined from the perspective of the disposition
effect, price increases generally lead to a decrease in buying quantity and an increase in selling
quantity. Conversely, in the case of price decreases, buying quantity may increase while selling
guantity decreases. In the model, market price serves as a fundamental parameter in agents'
buying and selling decisions. Changes in market prices contribute to shaping overall market
trends by influencing agents' behaviors. For the decided quantity to sell function, the quantity
owned by the agent is considered as their wealth. Agents' current wealth (balances) affects their
selling decisions, and agents with higher wealth tend to sell larger quantities, often to diversify
their portfolios or mitigate risk. Agents' wealth levels play a significant role in market liquidity
and price movements, as large-scale sales by high-wealth agents can have significant effects on
the market, leading to fluctuations in prices.
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4.2. Financial Market Class

The Financial Market class forms the backbone of simulating a dynamic financial market
within agent-based models, providing a structured environment for the interaction of multiple
agents. This class is meticulously designed to capture the intricacies of market dynamics and the
consequential behaviors emerging from the collective actions of individual market participants.

The initialization method, __init__, sets up the foundational aspects of the market,
including the incorporation of agents through the num agents parameter. This parameter is
pivotal as it directly influences the complexity and the richness of the market simulation,
enabling the representation of diverse investor behaviors and strategies. The Random Activation
schedule, an essential feature, randomizes the order of agents' activations in each step, mirroring
the unpredictable nature of investor decisions in real-world markets.

A crucial aspect of the market setup is establishing the initial price, which acts as the
baseline from which all subsequent market fluctuations are measured. This price is dynamically
altered by the agents' collective decisions to buy or sell assets, effectively capturing the essence
of market dynamics.

The agent balances Data Frame plays a vital role in tracking the financial status of each
agent, serving as a key determinant in their decision-making processes and their ability to
influence market trends. This data structure provides insights into the financial health of the
agents and their potential impact on market liquidity and price movements.

The step method is the engine room of the simulation, where agents are activated in
sequence to engage in their respective decision-making processes, encompassing buying and
selling activities. These actions are the catalysts for changes in the market price, directly
affecting the market's supply and demand dynamics.

The update price function recalibrates the market price based on the aggregate buying and
selling pressure exerted by the agents. This function is central to simulating the fluid nature of
market prices, which are inherently influenced by the interplay between supply and demand
forces. This mechanism allows for the visualization of market liquidity and price volatility,
highlighting the responsiveness of market prices to the collective actions of market participants.

In summary, the Financial Market class encapsulates the core elements of market
simulations in agent-based models, offering a comprehensive framework to explore and
understand the multifaceted nature of financial markets. By simulating the interactions among
agents and their impact on market dynamics, this class provides valuable insights into the
complexities of financial markets, paving the way for further exploration of economic theories
and market behaviors.

The dynamics of financial markets are intricately simulated in agent-based models,
particularly through mechanisms like the step and update price functions within the Financial
Market class. These functions collectively orchestrate the complex interplay between agent
decisions and market outcomes, providing a nuanced understanding of market behaviors.

The step function is crucial for advancing the market simulation. At each step, the market
price is adjusted to reflect the latest transactions, and the financial standings of all agents are
updated accordingly. This ongoing process ensures that the model captures the fluid nature of
market dynamics, where prices are continually influenced by the actions of market participants.
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The update price function recalibrates the market price, taking into account the
cumulative buying and selling pressures exerted by the agents. This is where the concepts of
total buy pressure and total sell pressure come into play, representing the aggregate demand and
supply forces within the market, respectively. Agents with balances above the market price
exert buying pressure, indicating a willingness to purchase assets at the current price, potentially
driving prices up. Conversely, agents with balances below the market price contribute to selling
pressure, signaling an inclination to offload assets, which could lead to price decreases.

Agent activation is a key feature that facilitates the execution of decision-making
processes by the agents in a sequential manner at each step. This process triggers transactions
within the market, leading to fluctuations in the market price. The cumulative effect of buying
and selling decisions by the agents updates the market price, reflecting the ongoing interplay
between supply and demand forces. This not only influences market liquidity but also captures
the market's responsiveness to the collective behaviors of its participants.

High buying pressure, signaled by a significant number of agents willing to act as buyers,
suggests a market trend towards increasing demand. This scenario often precedes a rise in
market prices. In contrast, high selling pressure, indicated by a plethora of agents ready to sell,
denotes an abundance of supply, which may precipitate a fall in prices.

In essence, the Financial Market class, through its step and update price functions,
adeptly models the core principles governing financial markets. It encapsulates the essence of
market dynamics, offering insights into how collective agent behaviors shape market trends,
liquidity, and price movements. This simulation approach provides a valuable framework for
exploring economic theories and understanding the factors that drive market behaviors.

The price is updated by subtracting the total selling pressure from the total buying
pressure and dividing by a certain constant (here, 100). This allows the market price to
dynamically change based on buying and selling tendencies in the market.

This update illustrates how the market price evolves in response to the collective
decisions of the agents. An increase in price reflects situations where demand exceeds supply,
while a decrease in price reflects situations where supply exceeds demand. The economic
significance of this method is to model how supply and demand forces in financial markets
affect prices. In real markets, prices constantly change based on the actions of buyers and
sellers. The update price method provides a simplified model of these changes and demonstrates
how the market price can reach equilibrium.

The record balances function plays a pivotal role in the ABM of financial markets,
serving as a key tool for tracking and analyzing the evolving financial positions of individual
agents over the course of a simulation. By meticulously documenting each agent's balance, this
function provides a detailed ledger of financial activities and outcomes, enabling researchers to
observe how agents' balances change in response to market dynamics, transaction decisions, and
the interplay of various behavioral and psychological factors.

This continuous recording of balances is instrumental for several reasons. First, it allows
for a comprehensive analysis of the financial health and decision-making processes of agents,
offering insights into patterns of profit and loss, risk-taking behavior, and the impacts of
different market conditions on agent strategies. Second, by comparing these balances over time,
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researchers can identify trends, anomalies, and emergent behaviors within the simulated market,
shedding light on the underlying mechanisms that drive market movements.

Moreover, the record balances function facilitates a deeper understanding of the
cumulative effects of individual decisions on the market as a whole. By examining the shifts in
agents' financial standings, researchers can infer the broader economic implications of micro-
level actions, including the formation of bubbles, market crashes, or periods of stability and
growth. This analysis can also reveal the effectiveness of different trading strategies, the

prevalence of certain biases and heuristics among market participants, and the potential for
systemic risks or opportunities.

5. Findings

The overall tendencies and behavioral characteristics of all agents in the model are
presented in the following graphs and tables. The average age of agents is 40.68, indicating that
this age group might be more experienced in financial decision-making, thus potentially
providing a certain level of maturity and stability in the market. The income category shows a
wide range, indicating that the model represents a diverse population economically. Risk
tolerance is close to zero on average, suggesting that agents generally neither strongly avoid nor
seek excessive risk. The values for loss aversion and disposition effect indicate that agents
exhibit moderate sensitivity to market movements. This suggests that agents might provide a
relatively balanced response to market fluctuations. These tables serve as fundamental tools in
understanding the impact of agents' behavioral characteristics on market dynamics in ABM.
Characteristics such as income levels, risk tolerance, loss aversion, and disposition effects of
agents could have significant effects on market prices and trading volume.
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Graph 1. The Socio-Demographic and Psychological Levels of the First and Last 10 Agents Based
on Balance
Note: age=>blue bars; income=>green bars; gender=>red bars; orange=>risk tolerance; loss aversion=>
purple bars; disposition effect=> brown bars; initial income=>green bars
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In Graph 1, the diversity of agents' socio-demographic and psychological characteristics
is observed. For instance, it is evident that income is distributed across a wide range among the
agents, with some having very high incomes while others have relatively low income levels.
Gender distribution, risk tolerance, and initial balance factors also exhibit similar variability.
The age factor stands out, especially among individuals with high incomes, where it appears to
be higher. Psychological factors such as loss aversion tendency and disposition effect also show
significant variability, which can be interpreted as a reflection of behavioral differences in
individual investment decisions. In the literature, the impact of such characteristics on
investment behavior has been supported by various studies; for example, the effects of gender
and age on risk-taking tendencies have been extensively explored (Barber and Odean, 2001;
Dohmen et al., 2011). Additionally, it is observed that risk tolerance and loss aversion
tendencies play critical roles in individuals' financial decisions and market behaviors
(Kahneman and Tversky, 1979).

Table 5 presents descriptive statistics on the socio-demographic and psychological
characteristics of the 1.000 agents in the model. These statistics help us understand the
behavioral tendencies, social, and economic statuses of the agents in depth. The average age of
the agents is approximately 40.68, ranging from 18 to 64 years old, indicating that our model
covers a wide age range. The distribution of age varies from young adults to middle-aged
individuals. The average income of the agents is approximately 66.117,94 units, ranging from a
minimum of 30.122,41 to a maximum of 99.993,87 units. The standard deviation of income
(20.540,07) indicates the diversity in income and economic disparities. Gender is coded as 0
(female) and 1 (male). The average gender value is 0.51, indicating that approximately half of
the agents are of each gender. The average risk tolerance of the agents is 0.01, indicating that
agents in the model generally have a balanced distribution of risk tolerance. Risk tolerance
ranges from -1 (risk-averse) to +1 (risk-seeking). The average loss aversion value is 0.39,
indicating that agents exhibit moderate sensitivity to losses. The maximum value of loss
aversion at 1.08 suggests that some agents have high levels of loss aversion. The average
disposition effect is 0.15, indicating that agents have a moderate tendency to realize gains early
and hold onto losses. The average anchor balance of the agents is 5.394,95 units, indicating that
the initial balances of the agents vary widely and this value is used as a reference point in the
decision-making process of the agents.

Table 5. Descriptive Statistics of All Agents

Age Income Gender Risk Los'_s Disposition Anchor
Tolerance Aversion Effect Balance
Count 1000 1000 1000 1000 1000 1000 1000
Mean 40,68 66.117,94 0,51 0,01 0,39 0,15 5.394,95
Std. Dev. 13,17 20.540,07 0,50 0,58 0,8 0,19 2.560,02
Min 18,00 30.122,41 0,00 -1,00 0,01 0,00 1.000,95
25% 30,00 48.433,65 0,00 -0,49 0,15 0,01 3.247,92
50% 41,00 65.977,41 1,00 -0,02 0,32 0,07 5.321,13
75% 52,00 8.4711,20 1,00 0,50 0,60 0,21 7.578,75
Max 64,00 9.9993,87 1,00 1,00 1,08 0,94 9.983,06

Table 6 provides descriptive statistics related to the socio-demographic and psychological
characteristics of the top 10 agents with the highest balances in the model. These statistics help
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us understand the behavioral tendencies and economic profiles of agents with high balances.
The average age of agents with the highest balances is approximately 46,9, indicating that this
group generally consists of middle-aged individuals. The age range varies from 31 to 62,
showing that age is a determinant factor for the balance. The average income of this group of
agents is about 71.5 (billion) units, indicating that the agents are quite high-income. The
maximum income reaches up to 98.9 billion units, while the minimum is 32.3 (billion) units,
showing a direct correlation between high income and high balance. The average gender value
is 0,6, indicating that the majority of this group is men (coded as 1), suggesting that gender has
an effect on the size of the balance. The average risk tolerance is -0,06, this negative value
indicates that agents tend to avoid risk generally. How risk tolerance is related to balance
suggests that a tendency to avoid risk could be associated with high balances. The average loss
aversion value is 0,53, indicating that agents are sensitive to losses, and this sensitivity could be
associated with high balances. The average disposition effect is 0.06, indicating that agents have
a moderate tendency to realize gains early and hold onto losses. The average anchor balance of
agents is approximately 6.36 billion units, showing that agents' initial balances were quite high,
and this value is used as an important reference point in their decision-making processes.

Agents with high balances are high-income, exhibit a moderate tendency to avoid risk,
are generally male, and are of middle to upper-middle age. These characteristics are significant
factors in their financial decision-making processes and play an important role in market
dynamics.

Table 6. Descriptive Statistics of Socio-Demographic and Psychological Levels of the Top 10 Agents
by Balance

Age Income Gender Risk Los'_s Disposition  Anchor
Tolerance  Aversion Effect Balance
Count 10 10 10 10 10 10 10
Mean 46,9 71.493,84 0,60 -0,06 0,53 0,06 6.359,17
Std. 10,41 21.869,67 0,51 0,45 0,26 0,08 2.934,77
Min 31 32.327,80 0,00 -0,84 0,12 0,00 3.119,72
25% 37,5 56.286,88 0,00 -0,35 0,33 0,01 3.225,84
50% 50,5 75.747,29 1,00 -0,14 0,48 0,02 6.958,75
75% 53,25 83.776,69 1,00 0,31 0,78 0,06 8.915,48
Max 62,00 98.904,24 1,00 0,64 0,89 0,23 9.936,90

Table 7 presents descriptive statistics regarding the socio-demographic and psychological
characteristics of the last 10 agents with the lowest balance in our model. These statistics allow
us to understand the behavioral tendencies and economic profile of agents with low balances.
The average age of agents with the lowest balance is approximately 43, indicating that this
group is generally in the middle age range. The age range varies from 20 to 64. The average
income of this group is approximately 71.4 (billion) units, indicating that they have high
incomes despite having low balances. Income distribution varies widely, ranging from a
minimum of 30.57 (billion) units to a maximum of 98.96 billion units. The average gender
value is 0.6, indicating that the majority of this group is male. The average risk tolerance is -
0,13, indicating that agents generally have a slight tendency to avoid risk. The relationship
between risk tolerance and balance size has a complex relationship with risk aversion and high
or low balances. The average loss aversion value is 0,42, indicating that agents are sensitive to
losses and this sensitivity may be associated with low balances. The average endowment effect
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is 0,12, indicating that agents have a higher tendency to realize gains early and hold onto losses.
The average anchor balance of agents is approximately 5.15 billion units. This indicates that
agents have low initial balances, and this value is used as an important reference point in their
decision-making processes. Low-balance agents tend to exhibit risk aversion despite being high-
income earners and are generally composed of males across a wide age range.

Tablo 7. Descriptive Statistics of Socio-Demographic and Psychological Levels of the Bottom 10
Agents by Balance

Age Income Gender Risk Los§ Disposition ~ Anchor
Tolerance  Aversion Effect Balance
Count 10 10 10 10 10 10 10
Mean 43 71.367,94 0,60 -0,13 0,42 0,12 5.145,62
Std. 15,62 26.541,16 0,51 0,58 0,33 0,18 2.592,53
Min 20 30.566,06 0,00 -0,83 0,08 0,00 1.051,71
25% 31,25 48.509,65 0,00 -0,48 0,16 0,00 3.635,27
50% 40 81.666,70 1,00 -0,27 0,31 0,04 4.897,73
75% 57,75 93.587,61 1,00 0,19 0,62 0,11 6.997,79
Max 64 98.961,90 1,00 0,95 1,02 0,52 8.984,57

When looking at the characteristics of the top 10 agents in terms of balance, it generally
focuses on the richest agents, indicating that these agents could have a significant impact on
market dynamics.

The average age suggests that this group may be more experienced and perhaps more
cautious investors, which is consistent with the higher values observed in loss aversion and
endowment effect. High average income levels indicate that these agents could trigger major
movements in the market. For example, the study by Hascaryani and Maski (2021) highlighted
the significant role of investors' intuitive behavior in determining market prices. This suggests
that the decisions of high-balance agents should be taken into account when analyzing their
impact on the market.

When looking at the characteristics of the last 10 agents in terms of balance, it generally
focuses on the agents with the lowest balances, despite their low anchor balances and income
levels, these agents have high endowment effect values, indicating that they tend to realize their
gains early and hold onto losses for longer periods. The results, as in the study by Bokhari and
Geltner (2011), suggest that this behavior can impact selling prices and listing prices. This
group also exhibits a negative average risk tolerance, indicating their tendency to avoid risk, and
therefore, they may lean towards low-yield investments.

When examining the general characteristics of all agents in the model, factors such as
average age, income, gender distribution, risk tolerance, loss aversion, endowment effect, and
anchor balance averages constitute the overall profile of the model. High standard deviation
values indicate that the agents exhibit a wide diversity. The overall population of the model
shows a neutral tendency in risk tolerance, meaning the agents neither exhibit a profile of
seeking too much risk nor of avoiding it excessively. The average values of loss aversion and
endowment effect indicate that the agents exhibit moderate financial behavior. This overall
distribution suggests that market dynamics will be complex and multidimensional, and
individual agent behaviors will significantly influence these dynamics.
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The top 10 agents tend to have high income and moderate risk tolerance levels. Their
average age is higher compared to the overall population in the model, indicating a more mature
group in terms of financial accumulation and experience. The gender distribution suggests that
the majority of this group is male, supporting findings that gender can influence financial
decisions and risk-taking behavior. Loss aversion and endowment effect indicate that these
agents are more sensitive to losses and tend to preserve their gains. The high anchor balance
suggests that these agents have a higher reference point in their financial decisions, which
influences their investment strategies.

While the characteristics of the last 10 agents show some similarities with the top 10, the
noticeably lower average anchor balance stands out. This suggests that this group of agents has
weaker financial positions, which can influence their investment decisions. Despite having high
average income levels, their risk tolerance and loss aversion values indicate that these agents
may be more cautious in financial decisions. The endowment effect suggests a tendency to
realize gains early and hold onto losses, which can exert pressure on market prices.

6. Results and Policy Implications

In this study, an original ABM was created by identifying characteristic features of
behavioral biases obtained from over fifty studies through meta-analyses, regarding the
interaction of investors' loss aversion, disposition effect, anchoring and adjustment bias with
socio-demographic and psychological factors. Agents were equipped with the tendencies
observed in these studies and subjected to information and wealth transfer within a social
network. Outputs regarding the behavioral biases of agents classified socio-demographically
and psychologically, especially with respect to age, gender, income (initial and investment
income) levels shaping their risk tolerances, and consequently, their buy-sell-hold investment
decisions under loss aversion, disposition effect, and anchoring and adjustment bias, were
thoroughly examined, indicating an ABM that can model the real world quite well.

Older agents in the top ten might exhibit a more conservative approach to investing due to
increased loss aversion, as suggested by the concept of loss aversion changing with age. This
aligns with the findings of Madaan and Singh (2019), which highlighted the significant impact
of behavioral biases on investment decisions. Younger agents in the bottom ten, displaying
higher disposition effects, might be more prone to selling winning investments too early and
holding onto the losing ones for too long, a tendency that aligns with the disposition effect
discussed by Asadi et al. (2020).

Higher-income levels in the top ten could correlate with lower loss aversion, implying
these agents might take on more risk, as high-income individuals can better absorb financial
losses. This observation is in line with Moosa and Ramiah (2017), who examined the effects of
various behavioral biases on financial decision-making and planning. Lower-income agents in
the bottom ten might be more susceptible to loss aversion, potentially leading to a higher
propensity for risk-averse behavior. This supports the analysis by Saivasan and Lokhande
(2022) on the influence of demographic and psychological factors on investors' risk perception.
If the model assumes higher loss aversion for female agents, this might lead to more cautious
investment behavior among women, a concept that could be traced back to the gender-based
differences in investment decisions studied by Cho and Chalid (2021). Agents with higher risk
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tolerance in the top ten are likely to engage in more aggressive investment strategies, possibly
chasing higher returns at the cost of higher risks. This behavior is consistent with the heuristic-
driven risk-taking behavior studied by Hascaryani and Maski (2021).

On the other hand, agents with lower risk tolerance scores in the bottom ten might exhibit
a preference for safer, lower-yield investments, avoiding the high volatility that risk-seeking
agents might pursue. Agents with higher loss aversion and disposition effect scores might
demonstrate behavior that involves avoiding losses at the expense of higher gains, a tendency
that can be detrimental to achieving optimal investment returns, as explored by Bokhari and
Geltner (2017) in their study on commercial real estate pricing.

The varying levels of disposition effect across agents suggest differences in how quickly
they might realize gains or hold onto losses, potentially affecting market liquidity and price
dynamics, which is a core concept in the study by Leung and Tsang (2013) regarding
predictability in the housing market. Agents' decisions, driven by their socio-demographic and
psychological characteristics, collectively contribute to market dynamics. For instance: Agents
with a high risk tolerance and low loss aversion may contribute to market volatility by engaging
in high-risk trades, potentially leading to speculative bubbles or sharp market corrections.
Agents with a high disposition effect may contribute to price momentum by being quick to sell
winning positions and slow to realize losses, influencing the persistence of price trends. Agents
with high income and balance levels may influence market liquidity. Their larger trades can
move the market, affecting price discovery and volatility.

In conclusion, the ABM outputs, when contextualized within the broader framework of
behavioral finance research, provide insightful simulations of market behavior. They reflect
how individual biases and preferences could potentially impact market efficiency and investor
welfare, echoing the real-world implications discussed in the referenced academic studies.
These simulations underscore the importance of understanding the psychological and socio-
demographic underpinnings of financial decision-making to better navigate market complexities
and investment strategies.

The findings of the study contribute to the integration of optimization techniques with
human behaviors and the development of more useful models in the use of AGI in real-world
applications. Future research is open to discovering new biases and considering socio-
demographic and psychological attributes in interactions with existing and new biases to present
more comprehensive and real-world models.
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Oz

Son yillarda, para piyasalarinda ve bankacilik sektdriinde yasanan krizlerin
etkisiyle merkezi para otoritelerine olan giiven sarsilmis ve bu nedenle
merkezi olmayan bir sistem arayisina girilmistir. Bu vesile ile, 1998 yilinda
ilk kripto para kavrami giindeme gelmistir. Kripto piyasalari, kripto para
birimlerinin alinip satildig1 dijital veya sanal pazar yerlerini ifade etmektedir.
Kripto para birimleri, giivenli finansal islemler i¢in kriptografi kullanan
merkezi olmayan dijital varliklar olarak karsimiza ¢ikmaktadir. 2009 yilina
gelindiginde ise ana kripto para birimi olan Bitcoin ile ilk islem
gerceklestirilmigtir. Merkezi olmayan bu sanal paranin zaman igerisinde
talebinde gdzlemlenen artis ile birlikte piyasa degeri de hizla yiikselmistir.
Calismanin amaci, piyasa degeri her gecen giin artan bu kripto para
piyasalarinin yapisim agiklamak ve ana kripto para birimi olan Bitcoin
Ozelinde fiyat hareketlerinin seyrini incelemektir. 17.11.2019 — 10.03.2024
donemleri arasinda haftalik veri setinin kullanildig1 analizde GPH yontemi
kullanilmistir. Elde edilen sonuglara gore, Bitcoin serisinin direngli ve uzun
hafizali bir yap1 sergiledigi gozlenmektedir. Hafiza parametresinin aldigi
deger itibariyle gorece olarak yiiksek bir direncin oldugu saptanmis ve bu
nedenle de fiyat degisimlerinin tekrar denge seviyesine ulagsmasimin zaman
alabilecegi tespit edilmistir.

Abstract

In recent years, due to the effects of crises in money markets and the banking
sector, trust in central monetary authorities has been shaken and therefore a
decentralized system has been sought. On this occasion, the concept of the first
cryptocurrency came to the fore in 1998. Crypto markets refer to digital or
virtual marketplaces where cryptocurrencies are bought and sold.
Cryptocurrencies are decentralized digital assets that use cryptography for
secure financial transactions. In 2009, the first transaction was made with
Bitcoin, the main cryptocurrency. With the increase in demand for this
decentralized virtual currency over time, its market value has also increased
rapidly. The aim of the study is to explain the structure of these cryptocurrency
markets, whose market value is increasing day by day, and to examine the
course of price movements specifically for Bitcoin, the main cryptocurrency.
The GPH method was used in the analysis using the weekly data set between
the periods 17.11.2019 — 10.03.2024. According to the results obtained, it is
observed that the Bitcoin series exhibits a resilient and long-memory structure.
It has been determined that there is a relatively high resistance in terms of the
value of the memory parameter, and therefore it has been determined that it
may take time for price changes to reach the equilibrium level again.
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1. Giris

Teknolojinin ilerlemesiyle birlikte haberlesme, ulagim, saglik, ekonomi gibi pek ¢ok alanda
hayatimiz1 etkileyen gelismelerin yasandigina sahit olmaktayiz. Oldukca kolay bir sekilde ve kisa
bir siirede diinyanin herhangi bir yeri ile iletisim kurulmasi, aligveris yapilabilmesi, ticaretin bu
denli kolay olmasi bir yandan iilke sinirlarini 6nemsizlestirmekte, diger yandan iktisadi olarak da
finansal piyasalarin birbirine entegre olmasim saglamaktadir. Bu entegrasyon kiiresel anlamda
yasanan krizleri ise derinlestirmektedir.

2000’li yillardan itibaren yatirimcilarin geleneksel finans piyasalarina, iktisadi kurumlara
ve politikalarina kars1 diisiinceleri biiyiik dlgiide degisiklige ugramstir. Ozellikle 2008 kiiresel
finansal krizi ile birlikte yatirimcilarin risk algisi degismis ve merkez bankalarin finansal
krizleri yonetebilme becerileri noktasinda giivensiz bir ortam olugsmustur. (Kaya Soylu vd., 2020:
1-2)

Bir yandan kiiresel kriz sonrasinda olusan giivensiz ortam diger yandan teknolojik
gelismelerin son yillarda biiyiik bir ivme kaydetmesi merkezi otoriteler agisindan bir sorun teskil
etmeye baslamis olmakla birlikte para otoritelerinin de gorevlerini sorgulatmistir. Bu nedenle
merkezi bir sistem tarafindan kontrol edilmeyen, herhangi bir araciya ihtiya¢ duyulmadan
transferi gergeklestirilebilen kripto varliklar ortaya ¢ikmistir. Satoshi Nakamoto’nun 2009 yilinda
gelistirmis oldugu Bitcoin, kripto paralar igerisinde ilk merkeziyetsiz olanidir (Sagona-Stophel,
2016). Bu sekilde yeni bir sanal ekonominin temelleri atilmis olmaktadir. Kripto para kavraminin
ilk kullanilmaya baslanmasi ise 1998 yilinda Wei Dai adli bir bilgisayar miihendisinin
calismalarina dayanmaktadir. Kripto para, oncelikli olarak sifreli bir para birimi olarak
tanimlanmistir ve kriptografi yontemi kullanilarak kripto para birimi sistemi yaratilmistir
(Ozekenci, 2023: 1194).

Kripto paralarin degeri, kullanicilarimin bu para birimlerini miibadele amagl tercih
etmelerinden veya bir emtia olarak degerlendirmelerinden kaynaklanmaktadir. Bunun diginda bir
itibari paranin saglamis oldugu devlet kaynakli bir degeri olmadig1 gibi altin veya giimiis gibi
herhangi bir degerli madenden de degerini almamaktadir. Kripto piyasalarinda var olan anlik arz
talep kosullar1 bu paralarin degerlerini belirlemektedir (Egilmez, 2017).

Kripto para kavraminin literatiire dahil olma siireci, paranin sahip oldugu 6zellikleri ve
fonksiyonlar1 géz Oniine alindiginda mal para, temsili para, itibari para, dijital para gibi
siiflandirmalarla karsimiza ¢ikmaktadir (Berentsen ve Schir, 2018: 1-2). Kriptografi daha genis
capta erisilebilir olmaya ve arastirilmaya baslandiginda, kisiler dijital para birimleri
olusturabilmek adina kriptografi teknolojisini kullanmay1 tercih etmislerdir. Bu sekilde, ilk dijital
para birimi olusturma tasarilari gogunlukla bir ulusal para birimi veya altin gibi degerli madenlerle
desteklenen dijital paralar ortaya ¢ikarmistir. Bu ilk dijital para birimi 6rnekleri ise yarasa da
zaman igerisinde merkezilestirilmiglerdir. Ancak bu merkezilestirilme sonucunda hem mesru
hiikiimetlerin hem de bilgisayar korsanlarinin saldirilarin1 bertaraf edebilmek adina merkezi
olmayan dijital paralara ihtiya¢ giindeme gelmistir (Antonopoulos, 2014: 3).

Kripto paralarin da i¢inde yer aldigi dijital para ve elektronik para kavramlari ile iliskili
olarak literatiirde tek bir tanimlamanin olmadig1 goze ¢arpmaktadir. Avrupa Merkez Bankasi’nin
(ECB) 1998 yilinda yayinladig1 rapora gore elektronik para, banka hesaplarini igermeksizin, ihrag
eden kurulus disindaki katilimcilara 6deme yapabilmek adina siklikla kullanilan ve parasal
degerlerin elektronik olarak depolanabilmesini saglayan 6n 6demeli teknik araglardir (ECB,
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1998: 7). TCMB’ye gore ‘ ‘Elektronik para ihrag eden kurulus tarafindan kabul edilen fon karsilig
thra¢ edilen, elektronik olarak saklanan, bu Kanunda tanimlanan Odeme islemlerini
gerceklestirmek i¢in kullanilan ve elektronik para ihrag¢ eden kurulus disindaki gercek ve tiizel
kisiler tarafindan da 6deme araci olarak kabul edilen parasal degeri ifade eder’’ seklinde
tanimlanmaktadir (TCMB, 2013: 1).

Gilinlimiizde anladigimiz anlamda kripto para birimleri ile bahsi gegen bu elektronik para
birimlerinin 6zellikleri birbirlerinden ayrilmaktadir. Bitcoin ve Bitcoin benzeri kripto paralar
haricindeki elektronik paralar, temelde kendi baslarina birer para birimi olarak
tamimlanmamaktadirlar. Bunlar, temsil ettikleri iilkelerin ulusal para birimine baglidirlar
(Rotman, 2014: 1). Elektronik para ile kripto para birbirlerine olduk¢a yakin tanimlamalar gibi
diisiiniilse de aralarinda bazi temel farkliliklar bulunmaktadir. Rotman (2014) ¢alismasinda bu
farkliliklart tablolastirmistir.

Tablo 1. Elektronik Para ve Bitcoin Karsilastirmasi

Elektronik Para Bitcoin
Bigim Dijital Dijital
Hesap Birimi Fiat para birimleri (USD, EUR) Bitcoin (BTC)

Miisteri tanimlamasi i¢in Mali Eylem Gorev Giicii
(FATF) standartlar1 gegerlidir

Merkezi otoritenin fiat para birimine kars1 dijital ~ Matematiksel olarak
olarak verilir olusturulmustur
Yasal olarak kurulmus e-para veren kurulus (bir
finans kurumu olabilir)

Kaynak: ECB’den (2012) uyarlanmustir.

Miisteri Kimligi Anonim
Uretim Yollar

Ihrage1 Insanlar toplulugu

Kripto paralarin kullanimina iliskin ¢esitli avantaj ve dezavantajlar bulunmaktadir. Bu
avantajlarin basinda katilimcilarin vergi ve haciz gibi risklerden korunuyor olmasi gelmektedir.
Ote yandan katilimcilarin diledikleri giin ve saatte islem yapilabiliyor olmasi, kisisel bilgilerin
gizli tutulma imkani sunulmasi, bankacilik ve finans piyasalarinda yapilan islemlerin aksine
kripto piyasalarinda herhangi bir islem karsiliginda {icret alinmiyor olmasi da diger avantajlar
olarak goze ¢arpmaktadir. Son olarak ise arz miktarinin sinirl olmasi nedeniyle enflasyon riskinin
itibari paralara gore daha siirli olmasi1 da bir avantaj olarak degerlendirilmektedir (S6nmez,
2014: 11-12; Alpago, 2018: 425-426; Giileg, 2018: 20-21).

Kripto paralarin dezavantajlarinin basinda ise hukuki statiisiiniin belirsiz olmasi
gelmektedir. Ayrica yetersiz bilgi ve yliksek belirsizligin olmasi, yasal risklerin varligi,
oynakligin yiiksek olusu, likiditesinin diisiik olmasi, spekiilatif etkilere agik olmasi karsimiza
¢ikan dezavantajlardir. Son olarak ise kullanim alaninin dar olmasi, bir diger degisle sirlt bir
kitle tarafindan kullaniliyor olmasi nedeniyle resmi 6deme araci olarak degerlendirilmesi
noktasinda bir direng ile karsilagsmasini beraberinde getirmektedir (S6nmez, 2014: 11-12; Alpago,
2018: 425-426; Giileg, 2018: 20-21).

Kripto para biriminden bahsettigimizde Bitcoin ve alternatif coin anlamina gelen altcoin
gibi bir ayrim yapmak da olasidir. Kripto paralarin ilki olarak tanimlayabilecegimiz Bitcoin,
takma adi1 Satoshi Nakamoto olan kisi veya kisiler tarafindan 2008 yilinda yayinlanan “white
paper” ile dogmustur. 2009 yilinda ise agik kaynak kodlu yazilim olarak piyasaya siiriilmiis ve
kullanilmaya baslanmistir. Yaraticilarinin Bitcoin'in arkasindaki asil motivasyonu, elektronik
islemlere izin veren ancak ayni zamanda fiziksel paranin birgok avantajli 6zelligini de igeren nakit
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benzeri bir ddeme sistemi gelistirmektir (Berentsen ve Schir, 2018: 1). “Altcoin”ler ise
Bitcoin’den sonra iiretilen kripto paralari temsil eden bir kavramdir. Ethereum, Ripple, Litecoin,
Cardano basta olmak iizere zaman igerisinde binlerce farkli altcoin piyasaya siiriilmiistiir.

Bitcoin de bir ¢esit dijital para birimidir. Buna gore, bir merkezi otoritenin kontroliinden
uzak, finansal kuruluslarin veya siyasal otoritelerin denetlemesinden bagimsiz bir para birimi
olarak karsimiza ¢ikmaktadir. Bitcoin sisteminin temel 6zelligi, merkezi olarak yonetilen bir
yapisinin olmamasinin yaninda hesaplarini tutmak i¢in miinhasir hakka sahip merkezi bir
otoritenin de bulunmamasidir (Berentsen ve Schir, 2018: 3).

Bitcoin, fiziki bir karsiligi olmayan dijital bir para birimidir. Bitcoin para birimi
boliinebilirdir. “Satoshi” ad1 verilen birim, bir Bitcoin'in en kii¢iik birimidir ve bir Bitcoin 100
milyon Satoshi degerindedir. Bitcoin Blockchain, yapilan tiim Bitcoin islemlerinin kayitlarini
blinyesinde barindiran bir veri dosyasidir. Bir c¢esit Bitcoin sisteminin defteri olarak
tamimlanmaktadir. Bitcoin Blok Zinciri, her blogun kendinden 6nceki bloklarin {izerine insa
edildigi ve yeni olusturulan Bitcoin iglemlerine dair bilgi iceren bloklardan olusur (Berentsen ve
Schér, 2018: 4-5). Bu sekilde kiiresel anlamda Bitcoin’e ait bir islem hafizasinin olustugunu
sOylememiz miimkiindiir.

Bitcoin'in baz1 6nemli yonleri su sekilde siralanabilmektedir:

1. Merkeziyetsizlik: Bitcoin diinya ¢apinda merkezi olmayan bir bilgisayar ag1 lizerinde
calismaktadir. Bu esler aras1 ag, merkezi bir otoriteye veya araciya ihtiya¢ duymadan iglemlerin
yapilmasina olanak tanimaktadir.

2. Blockchain Teknolojisi: Bitcoin agindaki islemler, blockchain ad1 verilen halka agik bir
deftere kaydedilmektedir. islem verilerini igeren bloklar, blok zincirine kronolojik bir sirayla
eklenir ve tiim iglemlerin kalic1 ve seffaf bir kaydi olusturulmaktadir.

3. Sinirlt Arz: Bitcoin'in toplam arzi, enflasyonist baskilar: sinirlamak igin tasarlanmig 21
milyon jetonla sinirhdir. Bu kitlik kodun igine yerlestirilmistir ve madencilik adi verilen,
karmasik matematik problemlerinin ¢6ziilmesini igeren bir siire¢ araciligiyla yeni Bitcoinler
yaratilmaktadir.

4. Madencilik: Madencilik, yeni Bitcoinlerin olusturuldugu, islemlerin dogrulandig1 ve
blok zincirine eklendigi siirectir. Madenciler kriptografik bulmacalari ¢dzmek igin hesaplama
giiclinli kullanmakta ve karsiliginda 6diil olarak yeni basilmis Bitcoinleri almaktadir.

5. Yarilanma Etkinlikleri: Yaklasik her dort yilda bir, madencilerin iglemleri dogrulamak
icin aldiklar1 6diil yariya indirilmektedir. "Yarilanma" olarak bilinen bu siire¢, yeni Bitcoinlerin
dolasima girme hizin1 azaltarak, kithgina katkida bulunmakta ve potansiyel olarak fiyat
dinamiklerini etkilemektedir.

6. Deger Deposu ve Dijital Altin: Bitcoin genellikle altina benzer bir deger deposu olarak
goriilmektedir. Sinirhi arz1 ve merkezi olmayan yapist, birgok yatirimcinin bunu enflasyona karsi
bir koruma ve potansiyel bir uzun vadeli yatirim varligi olarak gérmesine yol agmaktadir.

7. Degiskenlik: Bitcoin'in fiyat1 baglangicindan bu yana olduk¢a oynaklik gostermektedir.
Fiyat dalgalanmalari piyasa talebi, diizenleyici haberler, makroekonomik egilimler ve yatirimei
duyarlilig1 gibi faktorlerden etkilenebilmektedir.
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8. Benimsenme ve Kabul Gérme: Zamanla Bitcoin, ¢esitli saticilar ve igletmeler tarafindan
bir 6deme arac1 olarak kabul gérmeye baslanmistir. Ek olarak, finansal kurumlar ve yatirimcilar
bir varlik siifi olarak Bitcoin'e giderek daha fazla ilgi gostermektedir.

Bitcoin'in etkisi yalnizca dijital bir para birimi olmanin 6tesine uzanmakta; daha genis
kripto para birimi ve blockchain endiistrisinin gelisimini tesvik ederek ¢ok sayida baska kripto
para biriminin ve yenilik¢i blockchain tabanli projelerin yaratilmasina ilham vermektedir.
Merkezi olmayan dogasi ve teknolojik yenilikleri, gelencksel finansal sistemlere meydan
okumakta ve para ve finansin gelecegi hakkinda tartismalara yol agmaktadir.

Biitlin bu gelismeler neticesinde giiniimiizde Bitcoin’in finans piyasalarinda dnemli bir yer
edindigini goézlemlemek miimkiindiir. Bu sebeple, Bitcoin fiyat hareketlerinin analiz edilmesi
onem arz etmektedir. Literatirde Bitcoin fiyatlarim1 uzun hafiza acisindan analiz eden
calismalarin olduk¢a sinirli oldugu gozlenmektedir. Oysaki, uzun hafiza modelleri fiyat
hareketlerini daha iyi anlamak noktasinda bagvurulan 6nemli modellerdir. Uzun hafizali modeller
kullanilarak fiyatlarda meydana gelen anormal hareketleri tespit etmek miimkiindiir. Ote yandan,
Bitcoin piyasasi merkeziyetsiz yapist nedeniyle risk unsurunu biinyesinde barindirmakta bu
nedenle de yatirimcilar agisindan portféy optimizasyonu noktasinda uzun vadeli tahminlere
ihtiya¢ duyulmaktadir. Bu sebeplerle calismada, Bitcoin fiyatlarinin uzun hafiza analizinin
yapilmasi ve bu analiz yonteminin gorece olarak sinirli yer buldugu mevcut literatiire katki
saglamasi hedeflenmektedir.

Calismada, piyasa degeri her gecen giin artan ana kripto para birimi olan Bitcoin 6zelinde
fiyat hareketlerinin seyri incelenmektedir. 17.11.2019 — 10.03.2024 donemleri arasinda haftalik
veri setinin kullanildigi analizde Geweke ve Porter-Hudak (GPH) uzun hafiza yontemi
kullanilmistir. Elde edilen bulgulara gore, ele alinan dénemde, Bitcoin serisinin uzun hafizali
oldugu, yasanan soklarin etkilerinin sonlu olmasina karsin fiyatlar lizerindeki etkisinin belirli bir
stire kendisini gosterdigi gozlenmektedir.

Calismanin girig boliimiinde kripto para piyasalar1 ve Bitcoin’in 6zellikleri agiklanmis ve
ardindan literatiir incelemesi yapilmistir. Ugiincii béliim ile birlikte ekonometrik analize yer
verilmis, veri seti aciklamis ve analiz yontemi olarak bagvurulan uzun hafiza modelleri ve GPH
analizi teorik ¢ercevede ele alinmigtir. Son olarak ise elde edilen ampirik bulgular ve bu bulgular
dogrultusunda ¢aligmanin sonucu degerlendirilmektedir.

2. Literatiir incelemesi

Kripto para ve Bitcoin literatiirii incelendiginde bir yandan kripto piyasasinin olusumu ve
gelisimini anlatan tanimlayici ¢aligmalar bulunurken bir yandan da ampirik ¢aligmalarin son
yillarda gorece olarak artis kaydettigi géze carpmaktadir.

Rambaccussing ve Mazibas (2020) ¢calismalarinda se¢gmis olduklari kripto para birimlerinin
getiri ve oynakliklarinin uzun hafiza davranis 6zelligi gosterip gostermediklerini arastirmislardir.
Bitcoin basta olmak lizere Litecoin, Ethereum, Bitcoin Cash ve XRP gibi getirisi yiiksek kripto
paralarin analize konu oldugu c¢alismada Ocak 2014 - Aralik 2019 arasinda giinliik veriler
kullanilmistir. Uzun hafizanin varligini standart GPH testine ek olarak Davidson ve Sibbertsen'in
(2009) log-periyodogram yanliligi testi ve Davidson ve Rambaccussing'in (2015) atlamali
ornekleme testi - kullanarak test edilmis olup Ethereum’un getirisinin uzun hafizaya sahip
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oldugunu ancak diger kripto paralarin benzer bir uzun hafiza 6zelligi gostermedigini tespit
etmislerdir.

Kaya Soylu vd. (2020) ¢alismalarinda potansiyel uzun bellek 6zelliklerine dikkat ederek
Ripple, Ethereum ve Bitcoin kripto paralarinin oynakliklarini incelemislerdir. Bu ¢alismaya gore
ele alman ii¢ kripto para icin de giinliik veriler kullanarak, Yeniden Olceklendirilmis Aralik
[statistikleri (R/S), Gaussian Yar1 Parametrik (GSP) ve GPH kullanarak uzun bellek dzelligini
testleri uygulanmistir. Elde ettikleri bulgulara gore ii¢ kripto para biriminin getirilerinin de uzun
bellege sahip oldugu belirlenmistir.

Al-Yahyaee vd. (2018) ¢alismalarinda hisse senedi, altin, déviz ve Bitcoin piyasalarinin
uzun hafiza ozelliklerini ve zamana gore degisen etkinligini incelemistir. Uygulanan yontem
15181nda ele alinan dort piyasada da uzun hafiza 6zelliginin bulundugu goézlenmistir. Ote yandan
bu piyasalar arasinda bir karsilastirma yapildiginda ise arastirmaya konu olan 2010-2017 yillar
arasinda Bitcoin piyasasmin gorece olarak daha verimsiz olmasina karsin hisse senedi
piyasalarinin en verimli yapiya sahip olduklar1 sonucuna ulagilmustir.

Wu vd. (2022) ¢alismalarinda Covid-19 pandemisi boyunca Bitcoin’in verimliligi ve uzun
hafiza 6zelligini gésterip gostermemesi iizerindeki etkilerine odaklanmiglardir. Buna gére Bitcoin
piyasasinin pandemi boyunca altin ile birlikte oldukg¢a verimli bir yap1 sergiledikleri ve 6zellikle
Bitcoin’in diger kripto paralardan (Ethereum, Binance Coin ve S&P 500) daha giivenilir bir
yapiya sahip oldugu ve pandemi déneminde uzun hafiza 6zelligi gosterdigi sonucuna varilmistir.

Mensi vd. (2019) calismalarinda dort farkli GARCH modeli kullanarak Bitcoin ve
Ethereum piyasalariin uzun bellek ve yapisal kirilma 6zelliklerini test etmislerdir. 2011-2018
yillar1 arasini kapsayan giinliik serilerin ele alindigi bu ¢alismada Bitcoin ve Ethereum'un uzun
bellek 6zelligi gosterdigi sonucuna ulagilmistir.

Giileg ve Aktas (2019) galismalarinda Bitcoin basta olmak tizere el almis olduklari sekiz
farkli kripto paranin uzun hafiza ve degisen varyans oOzelliklerini test etmislerdir. 04.2013-
02.2018 tarih araligin1 kapsayan dénemin incelendigi ¢caligmada Bitcoin serisinin uzun hafizaya
sahip oldugu sonucuna ulagtlmistir.

Kripto piyasasi ile ilgili literatiir incelendiginde, farkli ekonometrik yontemler kullanilarak
farkli analizlerin uygulandigi gbéze c¢arpmaktadir. Bu calismaya konu olan GPH yontemi
kullanilarak uzun hafiza analizlerinin yapildig: literatiir 6rnekleri yukarida siralanmistir. Bu
ornekler dogrultusunda Bitcoin veri setinin uzun hafizali bir yapiya sahip olduguna iliskin genel
bir kabul goriisten bahsetmek miimkiindiir. Bir diger degisle, literatiirde var olan ¢aligmalarin
biiylik cogunlugu Bitcoin serisine iliskin benzer bir sonuca isaret etmektedir.

3. Veri ve Metodoloji

Calismada, ana kripto para birimi olan Bitcoin para birimine ait zaman serisinin uzun hafiza
ozelligi test edilmistir. Bu amacla, 17.11.2019 — 10.03.2024 dénemleri arasinda 226 gézlemden
olusan haftalik veri seti kullanilmistir. Bu tarih araliginin segilmesinin temel nedeni Covid-19
pandemisinin ilan edilmesiyle birlikte farkli bir yatirrm y6ntemi olarak kripto piyasalarina olan
ilginin artmasindan kaynaklanmaktadir. Kripto piyasas1 24 saat agik olan bir piyasa olmasindan
dolay1 bir kapanig fiyati bulunmamaktadir. Bu nedenle kapanis fiyati olarak Greenwich (GMT
+0) saatiyle 00:00’daki fiyatlar kullanilmaktadir. Calismada bu saatin tercih edilmesinin dnemli
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bir nedeni diinya piyasalarinda islem hacminin gérece olarak daha yogun oldugu bir zaman
dilimine denk gelmesinden kaynaklanmaktadir (Giile¢ ve Aktas, 2019: 496).

Arastirmaya konu olan Bitcoin serisine iliskin 6ncelikli olarak duragan bir yapiya sahip
olup olmadigi test edilmis, sonrasinda GPH testi kullanilarak uzun hafiza analizi
gerceklestirilmistir. Analiz Rats programi kullanilarak gerceklestirilmistir.

3.1. Uzun Hafiza Kavram ve ARFIMA Modeli

Uzun hafiza kavrami pek ¢ok farkli pozitif bilim tarafindan uzun yillar kullanilmig olmakla
birlikte 1980’li yillardan itibaren Ozellikle Granger ve Joyeux (1980), Hosking (1981)
calismalariyla birlikte iktisat biliminde de yer bulmaya baslamistir.

Geleneksel zaman serisi yOntemleri c¢ogunlukla serilerin 1(0) veya I(1) olmasina
dayandirilmaktadir. Uzun hafiza modelleri ise bu noktada devreye girmekte ve serilerin tam say1
olmayan biitiinlesme derecelerinin bulunabilecegi ihtimaline dayanmaktadir. Biitlinlesme
derecelerinin reel sayr olma ihtimalinin sorgulanmaya baglanmasi ile birlikte uzun hafiza
modellerinin temelleri atilmistir (Barisik ve Cevik, 2008: 11-12).

Serilerin kisa veya uzun hafizaya sahip olma &zellikleri otokorelasyon fonksiyonlarinin
yavaglama hizina gore belirlenmektedir. Bu noktada, geleneksel zaman serisi analizlerinde yer
alan ve otokorelasyon fonksiyonlarimin daha hizli bir sekilde azalma trendi gosterdigi saptanan
AR, MA ve ARMA modelleri kisa hafizali modeller olarak degerlendirilmektedir. Diger taraftan
ise otokorelasyon fonksiyonlarinin yavasca azalma egiliminde oldugunun gézlemlendigi uzun
hafiza modellerinden en siklikla karsimiza gikani ise ARFIMA modelidir (Xiu ve Jin, 2007: 138-
139).

Iktisadi ve finansal zaman serilerinde kesirli biitiinlesik modellere bagvuruluyor olmasi
serilerin 1(0) veya I(1) olmasindan kaynaklanmamaktadir. iktisadi zaman serilerine ait
otokorelasyon fonksiyonlar1 ¢ogunlukla yavagca azalma hareketi gostermektedir. Bu tip serilerin
birinci farki alindiginda dahi “asir1 farklandirilmis” (overdifferenced) oldugu dikkat ¢ekmektedir.
Bu 6zellik, karakteristik bir uzun hafiza siirecine ait bir 6zelliktir (Banerjee ve Urga, 2005: 14).
Bu noktada serilerin kisa veya uzun hafiza 6zelligini tespit etme noktasinda birim kok analizleri
bize Onsel bir ¢ikarsama giicii sundugu goézlenmektedir. Serilerin 1(0) veya I(1) olma
zorunlulugunun ortadan kalktig1, biitiinlesme derecelerinin (d) reel say1 olabilecegi diisiincesiyle
uzun hafiza modelleri gelistirilmistir.

Uzun hafiza, teorik olarak bakildiginda, ele alinan zaman serisinin yavagca azalan
korelogramin bulunmasi durumudur. Dolayisiyla serinin korelogram grafiginin azalma sekline
gore (Ornegin iissel veya hiperbolik olarak) ARMA, ARIMA veya ARFIMA modellerinden
uygun olanma basvurulmaktadir (Granger ve Ding, 1996: 61-62).

Biitiinlesme derecesi olarak bilinen d parametresinin aldig1 degere gore serilerin hafiza
durumu hakkinda bilgi sahibi olunmaktadir. Buna gore, serilerin 1(0) olma durumu d=0 iken
gerceklesmektedir. Kisa hafiza olarak tanimlanan bu durumda yasanan ekonomik soklarin etkileri
geometrik olarak azalmaktadir. Biitiinlesme derecesinin d=1 olmasi1 durumunda serilerin sonsuz
bir hafizas1 bulunmakta ve soklar karsisinda kalic1 etkileri biinyesinde barindirdiklart
gozlenmektedir. Biitiinlesme derecesi 0<d<1 olmasi halinde seriler soklarin etkilerini bir siire
biinyelerinde barindirirlar ancak belirli bir siire sonra bu soklarin etkileri soniimlenmektedir.
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Diger bir degisle, seriler ortalamaya donmektedir ve soklarin etkileri hiperbolik sekilde
azalmaktadir. Soklarin etkilerinin serilerde varligini stirdiirmesini ifade eden bu durum, uzun
hafiza olarak tanimlanmaktadir (Neely ve Rapach, 2008: 624 ).

Uzun hafiza iktisadin bircok alaninda oldugu gibi finansal zaman serilerinin
modellenmesinde de siklikla basvurulan bir yontem olarak gbze ¢arpmaktadir. Uzun hafizanin
varlig, asir1 volatilitenin yarattig1 zararlar1 bertaraf edebilmek noktasinda énem kazanmaktadir.
Bu sayede yatirimcilarin gelecek doneme iliskin beklentileri sekillenmekte ve dolayisiyla da
piyasa etkinligi etkilenmektedir. Literatlirde uzun hafiza 6zelliginin finansal piyasalarda siklikla
arastirildign gozlenmekte ve uzun hafiza 6zelliginin, geligmekte olan iilke piyasalarinda gelismis
iilke piyasalarina oranla daha belirgin bir sekilde kendini gosterdigi goze carpmaktadir (Giileg ve
Aktas, 2019: 494-495).

Zaman serilerindeki uzun hafiza durumu farkli analiz yontemleriyle arastirilsa da
calismada, literatiirde siklikla bagvurulan bir yontem olmasi nedeniyle ARFIMA modeli
kullantlmugtir.

3.2. ARFIMA Modeli

ARFIMA modeli, fark alma parametresinin tam say1 olmayan degerlerine izin vererek
ARIMA modelinin genellestirilmis ve genisletilmis hali olarak karsimiza ¢ikmaktadir. AR, MA,
ARMA ve ARIMA siirecleri, geleneksel tam sayili modeller olup yalnizca kisa dénemli
bagimlilig1 yakalayabilirler. ARFIMA modelleri ise 6zellikle uzun hafizali zaman serilerinin
modellenmesinde kullanilmaktadir.

Kesikli zaman serisi analizlerinde karsimiza siklikla ¢ikan ARFIMA modeli, Granger ve
Joyeux (1980), Granger (1980) ve Hosking (1981) tarafindan gelistirilmis olup gorece daha esnek
bir yapida oldugu sdylenebilmektedir. Buna gore; bir y: zaman serisi, (1-L)¢ operatdriinii
uyguladiktan sonra Binom agilimi tarafindan tanimlanmigsa, kesirli olarak farki alinmis bir
modeli takip ettigi sOylenir:

~ o I(d+1)(-L)
(1_L)d_1+;r(d—j+1)r(j+1) (1)
2
(1—L)d=1—dL+d(d—1)%—--- (2)

herhangi bir reel d i¢in, seri, p ve q'nun sonlu negatif olmayan tamsayilar oldugu, duragan ve ters
cevrilebilir bir ARMA(p,q) temsilini takip eder. Yi zaman serisinin y~I(d) ile ifade edilen d
mertebesinden entegre oldugu sdylenebilir. Standart gosterimi genisleterek, yi~ARFIMA(p,d,q)
olarak ifade edilebilir. Boylece, genel zaman serisi modeli su sekilde tanimlanmaktadir:

d(L)(1 - L)%y, = 0(L)e; t=1,.2,.. (3)

(3) numarali denklemde yer alan (L) gecikme operatoriinii kullanildigi d degiskeni ise
kesirli biitiinlesme parametresini ifade etmektedir. ®(L) = 0 ve O(L) = 0’1n tiim kokleri birim
¢emberin disindadir ve &; beyaz giiriiltii siirecindedir (Baillie, 1996: 21; Gil-Alana ve Toro, 2002:
280-281).
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Bu tiir siiregler (d>0) uzun hafizali siiregler sinifina aittir. Bu durum, I(0) veya kisa hafizali
stireclerin aksine zaman igerisinde gozlemler arasinda onemli bir bagimlilik goésterme
yeteneklerinin olmasindan kaynaklanmaktadir. Aslinda, modelin ARMA yapis1 tarafindan
iiretilen gozlemler arasindaki bagimlilik geometrik bir oranda azalirken, kesirli fark alma
parametresi tarafindan tiretilen bagimlilik ¢ok daha yavas hiperbolik oranda azalir. Bu nedenle,
gozlemler arasindaki uzun menzilli bagimlilik, nihayetinde yalnizca kesirli fark alma parametresi
d tarafindan belirlenir (Gil-Alana ve Toro, 2002: 281). Biitiinlesme katsayist olan d’nin
alabilecegi degerlere gore serilerin hafiza durumlar degisebilmektedir. Buna gore:

Tablo 2. d Parametresine Gore Serilerin Hafiza Ozellikleri
Yt serisi bir ARMA(p,q) temsilini takip eder. Kisa hafizali ve duragan bir 6zellik

d=0 . .
gostermektedir.
Seri kovaryans duragandir. Otokorelasyon fonksiyonu oldukca yavas bir sekilde azalma
0<d<0.5 N e o ) o
egiliminde olur. Uzun hafiza 6zelligi gosterir ve direncli bir yapidadir.
0.5<d<1 Seri duragan olmayan ancak ortalamaya donen bir yapidadir. Yasanan herhangi bir iktisadi
' sokun uzun dénemde etkisini kaybedecegi kabul edilir.
a>1 Seriler duragan degildir ve soklarin etkisi sonsuza kadar devam ettiginden ortalamaya geri
- donmez.
Seri kisa hafizali veya direncgli olmayan bir yapidadir. Soklarin kalici etkileri
-0,5<d<0
bulunmamaktadir.

Kaynak: (Barkoulas ve Baum, 1997: 191; Gil-Alana ve Toro, 2002: 281; Man, 2003: 477-491; Choi ve
Zivot, 2007: 348).

ARFIMA modellerinde biitiinlesme katsayisi olan d’nin tahmin edilebilmesi i¢in literatiirde
parametrik, yar1 parametrik ve parametrik olmayan tahmin yontemleri bulunmaktadir. Calismada,
yart parametrik bir yontem olan ve d parametresinin tespiti icin literatiirde g¢ogunlukla
basvuruldugunun gozlemlendigi GPH yontemi kullanilmigtir.

3.3. GPH Yontemi

Bir seriye ait uzun hafizanin varliginin test edilmesi noktasinda en siklikla karsimiza ¢ikan
yontem yar1 parametrik bir yontem olan Geweke ve Porter-Hudak (1983) tarafindan gelistirilen
GPH yontemidir. Bu yontem ile birlikte biitlinlesme derecesi olan “d” parametresi tahmin
edilmeye calisilmaktadir. GPH yonteminde, serinin "kisa bellek" (ARMA) parametrelerinin agik
bir sekilde belirtilmeksizin d parametresini hesaplamak i¢in spektral bir regresyon tahmincisi
kullanilmaktadir.

Kesirli biitiinlesmede hafiza parametresi “d”’nin tahmini i¢in Geweke ve Porter-Hudak
(1983) yar1 parametrik bir yaklasim onermistir. Kesirli olarak entegre edilmis bir siire¢ {x}
verildiginde, spektral yogunlugu su sekilde verilir (Wang vd., 2007: 853):

flw) = [2 sin (%)]_Zd fulw) 4)

Formiilde yer alan ® Fourier frekansi iken f, (w) ufe karsilik gelen spektral yogunluk
olmakla birlikte u; sifir ortalamali duragan bir kisa hafiza hata terimidir. f(w) spektral
yogunlugunun logaritmasini alarak su denkleme ulasilmaktadir:

Inf(w;) = In £,(0) — d In[4sin?(w;/2)]| + In[f, (w;)/f(0)] (5)
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Kesirli fark parametresi olan d, denklem (5)'den olusturulan regresyon denklemleriyle
tahmin edilebilmektedir. Bu noktada GPH d<0 igin tutarlilik ve asimptotik normalligi ispat
etmeye c¢alismaktadirlar (Barkoulas ve Baum, 1998: 118; Wang vd., 2007: 853).

Biitiinlesme katsayisi olan “d” parametresinin istatistiksel olarak anlamlilig1 tek tarafli basit
t-testine gore belirlenmektedir. Buna gore; Ho: d=1, Hi: d<l hipotezleri test edilmektedir. Bu
hipotezlerden Ho’in reddi serinin birim k6k barindirmamasina karsin kesirli biitiinlesik bir yapida
olunabilecegi ihtimalini dogurmaktadir. Bir diger degisle bu durum, serinin uzun hafizal
olabilecegini diisiindirmektedir (Yurttagiiler ve Kutlu, 2019: 221).

4. Ampirik Bulgular
4.1. Birim Kok Test Sonuclar:

Serilerin biitiinlesme derecelerinin anlasilmasi adina uygulanan ilk yontem birim kok
testleridir. Bu sayede serilerin hafiza durumlarina dair 6nsel bir tahminde bulunmak miimkiin
olmaktadir. Bitcoin serisinin duraganliginin test edilebilmesi adina da literatiirde agiklayici giicii
acisindan daha ¢ok kabul géren PP (Phillips Perron) ve KPSS (Kwiatkowski, Phillips, Schmidt
ve Shin) birim kok testleri uygulanmigtir. PP birim kok testinde serinin birim kéke sahip oldugunu
ifade eden sifir hipotezine karsilik alternatif hipotezi serinin duragan oldugunu gostermektedir.
KPSS testinde ise durum tam tersi sekildedir. KPSS birim kok testinde sifir hipotez serinin
duraganlhigimi analiz ederken alternatif hipotezi serinin birim kdke sahip oldugunu ifade
etmektedir.

Tablo 3. Birim Kok Test Sonuclar: (Sabit Terimli)

Phillips Perron KPSS
Test %1 Kritik Test %1 Kritik
Istatistigi Deger Istatistigi Deger
Bitcoin -1.076868 -3.459362 0.448744 0.739000
A Bitcoin -13.24996 -3.459494 0.150011 0.739000

Elde edilen sonuglar, %1 kritik deger baz alindiginda, PP birim kok testine gore Bitcoin
serisinin birim kok icerdigi ve birinci farki alindiginda serinin duragan hale geldigi gézlenmekte,
KPSS birim kok testlerine gore ise serinin duragan oldugu saptanmaktadir.

Birim kok test sonuglarina gore Bitcoin serisine iligkin 1(0) veya I(1) olmasina yonelik bir
goriis birligi bulunmamaktadir. Hem bir goriis birliginin bulunmamasi hem de literatiirde birinci
farklariin alimmasi sonrasinda duragan olan serilerin uzun hafizali olabileceginin savunulmasi
gerekeeleriyle kesirli biitiinlesme analizi uygulanmaktadir. Uzun hafiza, geleneksel birim kdk
testlerinde, birim kok bulunmasi lehine bir sapma yaratmaktadir. Bu nedenlerle analize konu olan
Bitcoin serisine pargali duraganlik testi uygulamak gerekmektedir (Turgutlu, 2004: 64). Bu
amacla ARFIMA siirecini dikkate alan yari1 parametrik bir analiz olan GPH ydntemine
basvurulmustur.
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4.2. GPH Test Sonuclari

Calismada, Bitcoin serisinin uzun hafiza 6zelligi gosterip gostermedigini anlayabilmemiz
icin yar1 parametrik bir yontem olan GPH yontemine bagvurulmustur. Geweke ve Porter-Hudak
(1983) calismalarinda biitiinlesme derecesinde olusan degisimleri karsilastirabilmek adina
optimal ordinat sayis1 olarak belirlenen “m=T" degerin en uygun 0.50 — 0.60 arasinda olacagini
belirtmistir. Literatiirde son yillarda yapilan ¢aligmalar ise bu araligin biraz daha genisletilmesi
noktasinda goriis birligi sunmaktadir. “d” parametresindeki tiim degisimleri gézlemleyebilmek
adma 0,40-0,70 arasindaki tiim degerler i¢in ayr1 ayr1 d degeri tahmin edilmektedir (Turgutlu,
2004: 65). Buna gore elde edilen bulgular Tablo 3’te yer almaktadir.

Tablo 4. Bitcoin Serisine Ait GPH Test Sonuglari

Bitcoin

m=T* d t-istatistigi

0,40 0.69807* 2.023977965
0,45 0.93464 3.428990718
0,50 0.87954 4.002821645
0,55 0.90924 4.838699377
0,60 0.8981 5.688137311
0,65 0.89782 6.728267386
0,70 0.89197 7.888653047

Not: 1) Kullanilan kritik degerler tek tarafli hipotez testleri i¢in kullanilan t dagilim tablosundan
elde edilmistir. Bunlar %1, %5 ve %10 anlamlilik diizeyleri i¢in sirasiyla 2,326, 1,645 ve 1,282
seklindedir. 2) * igareti, %1 diizeyinde anlamli olan d parametresine isaret etmektedir.

Tespit edilen GPH test sonuglarina gore, 17.11.2019 — 10.03.2024 doénemleri arasinda
haftalik Bitcoin serine iligskin kesirli biitiinlesme katsayis1 d=0.69807 seklinde tespit edilmistir.
Buna gore seride birim kokiin oldugunu ifade eden sifir hipotezi kabul edilmemekte ve serinin
kesirli biitiinlesik 6zellikler sergiledigi goze carpmaktadir. Kesirli biitiinlesme katsayisi olan d’nin
almis oldugu bu deger, serinin duragan olmadigini ancak ortalamaya donen bir oOzellik
sergiledigini ortaya koymaktadir. Bir baska ifade ile, arastirmaya konu olan serinin yaganan
iktisadi soklarin etkilerini uzun siire biinyesinde barindirdigini géstermektedir. Ele alinan donem
igerisinde Bitcoin serisinin oldukga direngli bir yapiya sahip olmasina ragmen ortalamaya dénen
dinamik bir siire¢ icerisinde oldugu sdylenebilmektedir. GPH test sonuglarina gore, ele alinan
donemde, kesirli biitiinlesme parametresinin 0<d<1 araliginda bulunmasi nedeniyle serinin uzun
hafizali oldugu ileri siiriilebilmektedir.

Bir zaman serisinin uzun hafizal bir yapida olmasi, uzak gézlemler arasinda korelasyonun
kalic1 olmasidir. Kisa hafizali serilerin otokorelasyon fonksiyonlar1 hizlica azalma egiliminde
olurken, uzun hafizali serilerde otokorelasyon fonksiyonlar1 yavas bir azalma egilimindedir.
Bunun anlamu ise, ge¢mis gozlemlerin gelecek degerler {izerinde uzun siireli bir etki yarattig
seklinde yorumlanmaktadir.

0<d<l araliginin tespit edilmesi ile birlikte, Bitcoin serisine iliskin, yasanan iktisadi
soklarin etkilerinin belirli bir siire kalici oldugu, ancak sonrasinda bu sokun etkilerinin
sonlanacagi ve serinin ortalamaya geri donecegi tahmininde bulunulabilir. Bu noktada, d
parametresinin 0<d<1 araliginda aldig1 degerin 6nemine de deginmek gerekmektedir. 0<d<0.5 ve
0.5<d<1 araliklarimin her ikisi de uzun hafizali bir yapiy1 ifade etmekle birlikte &zellikleri
acisindan bazi farkliliklar1 bulunmaktadir. 0<d<0.5 aralig1 serinin ortalamaya donen ve kovaryans
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duragan bir yapida oldugunu gdstermektedir. Bu tip bir seride yasanan iktisadi soklarin etkileri
daha yavas ortadan kalkmaktadir. Ote yandan 0.5<d<1 arali§inda ise serinin ortalamaya déndiigii
ancak yasanan iktisadi soklarin gelecekteki degerler {lizerinde uzun donemli bir etkisi olmadig
seklinde degerlendirilmektedir (Kahyaoglu ve Abuk Duygulu, 2005: 68-69).

Analiz sonucunda d=0.69807 olarak tespit edilen biitiinlesme derecesi Bitcoin serisinin
uzun hafizali bir 6zellik barindirirken ekonomide yasanan iktisadi soklarin etkilerinin belirli bir
stire sonrasinda soniimlenmeye basladigini ifade etmektedir.

5. Sonuc¢

Kiiresellesme kavrami ekonomik, siyasal, kiiltlirel unsurlar1 biinyesinde barindiran ve
temelde {ilkelerin ve diinya halklarinin biitiinlegsmesi olarak tanimlanan bir olgudur. Her ne kadar
kiiresellesme konusu sosyolojik ve siyasal 6geleri kapsiyor olsa da ekonomik biitiinlesme
noktasinda daha onemli adimlarin atildig1 gézlenmektedir. Kiiresellesmenin olumlu ekonomik
sonuclar1 yadsinamazken beraberinde gelen sorunlarin oldugu da agiktir. Kiiresellesen diinyada
yasanan krizlerin daha da derinlestigi gdze ¢arpmaktadir. Ozellikle 2000’1i yillardan itibaren
yasanan kiiresel finansal krizler merkezi otoritelere karsi gliven sarsici etkiler yaratmigtir. Bu
noktada yatirimcilar merkezi otoriteden bagimsiz, neredeyse maliyetsiz, aracisiz ve hizli aktarim
imkani sunan alternatiflere yonelmeye baslamiglardir. Kripto para piyasasi bu agidan bakildiginda
iyi bir alternatif olarak ortaya ¢ikmistir.

Kripto para kavrami, aslen 1990’larin sonlarinda kullanilmaya baslanmis olmasina ragmen
bir yatinm ve 6deme araci olarak hayatimiza girmesi 2008 yilinda Bitcoin’in olusturulmasiyla
gerceklesmistir. Glinlimiizde baktigimizda her ne kadar fiziki paranin kullanim gibi bir alan
heniiz bulamamuis olsa da bir yatirim enstriimani olma 6zelligi gostermektedir. Bir diger degisle
paranin fonksiyonlarindan hesap birimi olma dzelligini aktif bir sekilde yerine getiremese de
deger saklama fonksiyonunu yerine getirdigi gozlenmektedir. Bu nedenlerledir ki kripto
piyasalarina her gecen giin artan bir ilgi bulunmaktadir.

Calismada ana kripto para birimi olarak tanimlanan Bitcoin’in fiyat hareketlerinin uzun
hafiza 6zelligi gosterip gostermedigi arastirilmistir. 17.11.2019 — 10.03.2024 dénemleri arasinda
haftalik gdzlemin kullanildigi analizde Bitcoin serisinin direngli bir yap1 sergiledigi
gozlenmektedir. Elde edilen bulgulara gore, serinin duragan olmayan, direngli ve uzun hafiza
yapisinin yaninda ortalamaya donen bir 06zelligi oldugu sonucuna varilmistir. Bu agidan
bakildiginda literatiirde genel kabul goren sonuglar ile ortiisen (Giileg ve Aktas, 2019; Kaya
Rambaccussing ve Mazibas, 2020; Kaya Soylu vd., 2020; Wu vd., 2022) bir sonuca ulasildigi
gbzlenmektedir.

Elde edilen bulgular neticesinde Bitcoin serilerinin biitlinlesme derecesi d=0.69807 olarak
belirlenmistir. Biitiinlesme derecesinin 0.5<d<1 araliginda tespit edilmis olmasi Bitcoin serisinin
uzun hafizaya sahip olmasinin yaninda ortalamaya donen bir yapida oldugu ve iktisadi soklarin
etkilerinin ise belirli bir siire varhigmi strdiirlip ardindan etkisini yitirdigi seklinde
degerlendirilmektedir. Diger bir degisle; Bitcoin fiyatlarini etkileyen herhangi bir iktisadi sokun
belirli bir siire etkisini siirdiirecegi ancak uzun dénemde etkisini kaybedecegi kabul edilmektedir.

Bitcoin piyasasi, uzun dénemde kendi denge degerine geri donme seklinde bir hareket
izlemektedir. Ancak elde edilen bulgulara gore, uzun hafizaya sahip olmasina karsin gorece
olarak yiiksek bir direncin (0.5<d<1) varlig1 tespit edilmis olmasindan dolayr makro ekonomik
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istikrar dogrultusunda incelendiginde, bu geri doniisii beklemenin riskli olabilecegi tahmin
edilmektedir. Bunun en temel nedeni, biitinlesme derecesi 0.5<d<1 araliginda olan bir zaman
serisinin, gecmisteki hareketlerin gelecekteki hareketlerle kismen iliskili oldugunu gostermesi ve
dolayisiyla gelecege iliskin sinirli bir miktarda ongoriilebilirlige sahip olmasidir.

Calismaya konu olan Covid-19 pandemi déneminde bu tip bir sonucla karsilasiimasi da
dogal karsilanmaktadir. Bitcoin, gliniimiizde genel kabul gormiis merkeziyetsiz &zellikte bir
yatirim enstriimani olarak karsimiza ¢ikmakla birlikte, diinya tlizerindeki gelismelerden oldukga
etkilenmektedir. Tim diinyada uygulanan yasaklar, kripto piyasalarina aracilik eden bazi
kuruluslarin ele alinan donemde iflas etmesi, diinyanin ¢esitli yerlerinde yasanan savaslar ve
pandemi etkisiyle tiim diinyada yiikselen enflasyon oranlarini kontrol altina alabilmek adina siki
para politikalarina yonelinmesi neticesinde kripto piyasalarinda alim satim islemlerinde yiiksek
oranda daralma goézlenmistir. Bu nedenledir ki, Bitcoin fiyatlariin denge diizeyine gelmesini
saglamak icin gesitli politik olaylara ihtiya¢ duyulabilecegi veya politik olaylardan dogrudan
etkilenebilecegi varsayilmaktadir. Ote yandan, bir¢ok iilkenin kripto piyasalarina iliskin kapsamli
yasal diizenlemesinin bulunmamasi yatirimcilar agisindan riskli bir ortami da beraberinde
getirmektedir. Tim bu nedenlerle, Bitcoin fiyatlarinda meydana gelen dalgalanmalarin uzun
donemde tekrar denge degerine ulagmasini beklemek yatirimcinin almasi gereken bir risk olarak
degerlendirilmektedir.

Arastirma ve Yayin Etigi Beyam
Etik kurul izni ve/veya yasal/6zel izin alinmasina gerek olmayan bu ¢alismada arastirma ve yayin etigine
uyulmustur.

Arastirmacilarin Katki Oram Beyani
Yazar, makalenin tamamina yalniz kendisinin katki saglamis oldugunu beyan eder.

Arastirmacilarin Cikar Catismasi Beyani
Bu ¢alismada herhangi bir potansiyel ¢ikar ¢atigsmasi bulunmamaktadir.
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LONG MEMORY ANALYSIS USING THE GPH METHOD IN
CRYPTOCURRENCY MARKETS: THE CASE OF BITCOIN

EXTENDED SUMMARY

The Aim of the Study

The aim of the study is to perform analysis using Bitcoin, the main cryptocurrency. In this
context, the study aims to explain the structure of cryptocurrency markets, whose market value is
increasing day by day, and to examine the course of price movements specifically for Bitcoin, the
main cryptocurrency. On the other hand, it tries to explain Bitcoin technology, market dynamics,
and its effects on financial markets. It is seen that studies analyzing the crypto market in terms of
long memory are quite limited in the literature. The study especially aims to contribute to the
existing literature in this respect.

Literature

Crypto markets refer to the digital or virtual marketplaces where cryptocurrencies are
traded. Cryptocurrencies are decentralized digital assets that use cryptography for secure financial
transactions. Bitcoin, created in 2009, was the first cryptocurrency, and since then, thousands of
other cryptocurrencies have been developed, each with unique features, purposes, and
technologies. The journey of crypto markets has been characterized by rapid growth,
technological innovation, regulatory challenges, price volatility, and increasing mainstream
interest and adoption, evolving into a global market with a diverse array of digital assets and
participants.

The concept of cryptocurrencies and the beginnings of crypto markets traced back to a
whitepaper published in October 2008 by an anonymous person or group using the pseudonym
Satoshi Nakamoto. The first recorded commercial transaction using Bitcoin occurred in 2010
when someone purchased two pizzas for 10,000 Bitcoins, highlighting the early use case of
Bitcoin as a medium of exchange. As Bitcoin gained attention and value, other cryptocurrencies,
often referred to as altcoins, began to emerge, offering variations in technology, consensus
mechanisms, use cases, and governance models. Crypto markets began forming as platforms
(cryptocurrency exchanges) emerged to facilitate the buying, selling, and trading of digital assets.
Mt. Gox, established in 2010, was one of the first and most influential cryptocurrency exchanges,
handling a vast majority of Bitcoin transactions until its collapse in 2014.

Over time, the crypto space expanded significantly, with the creation of numerous other
cryptocurrencies, the development of blockchain technology for various purposes beyond finance,
the rise of initial coin offerings (ICOs), and the exploration of blockchain's potential in industries
like finance, supply chain, healthcare, and more.

Bitcoin is the first and most well-known cryptocurrency, often referred to as digital gold or
the pioneer of the crypto industry. Bitcoin's impact extends beyond just being a digital currency;
it has spurred the development of the broader cryptocurrency and blockchain industry, inspiring
the creation of numerous other cryptocurrencies and innovative blockchain-based projects. Its
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decentralized nature and technological innovations have challenged traditional financial systems
and sparked discussions about the future of money and finance.

Methodology

In the study, the long memory feature of the time series of the Bitcoin currency was tested.
For this purpose, a weekly data set was used between 17.11.2019 and 10.03.2024. The main
reason for choosing this date range is due to the increased interest in crypto markets as a different
investment method with the declaration of the COVID-19 pandemic. Since the crypto market is
a 24-hour market, there is no closing price. For this reason, prices at 00:00 Greenwich (GMT +0)
time are used as the closing price. Regarding the Bitcoin series, which is the subject of the
research, it was first tested whether it has a unit root, and then long memaory analysis was carried
out using the GPH test.

Empirical Results

In the analysis using the weekly data set between the periods 17.11.2019 — 10.03.2024, it
is observed that the Bitcoin series exhibits a resilient structure. It was concluded that the series
has a non-stationary but mean-reverting feature. According to the findings, it is observed that
although the effects of the shocks experienced in the considered period are finite, their effects on
Bitcoin prices manifest themselves for a long time.

Conclusion

According to the findings of the analysis, it is accepted that any economic shock affecting
Bitcoin prices will continue to have an effect for a certain period of time, but will lose its effect
in the long term. In other words, the Bitcoin market follows a movement of returning to its
equilibrium value in the long run. However, according to the findings, it is estimated that waiting
for this return may be risky when examined in line with macroeconomic stability since a relatively
high resistance has been detected. It is considered natural to encounter such a result during the
COVID-19 pandemic period, which is the subject of the study. Although Bitcoin appears as a
generally accepted decentralized investment instrument today, it is highly affected by
developments in the world. As a result of the bans imposed all over the world, the bankruptcy of
some institutions that mediate the crypto markets during the period in question, the wars in various
parts of the world, and the resort to tight monetary policies in order to control the rising inflation
rates all over the world due to the pandemic effect, a high rate of contraction in trading
transactions in the crypto markets was observed. For this reason, it is assumed that various
political events may be needed or directly affected by political events to ensure that Bitcoin prices
reach the equilibrium level. On the other hand, the lack of comprehensive legal regulations
regarding crypto markets in many countries creates a risky environment for investors. For all these
reasons, waiting for the fluctuations in Bitcoin prices to reach the equilibrium value again in the
long term is considered a risk that the investor should take.
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Oz

Bu galismanin amaci Tiirkiye i¢in pay senedi piyasalari ve makroekonomik
degiskenler arasindaki iliskileri incelemektir. Bu amagla caligmada Borsa
Istanbul 100 endeksi (BIST100), tiiketici fiyat endeksi (TUFE), politika faiz
orani ve doviz kuru (Dolar/TL) degiskenleri, Ocak 2000 — Ekim 2023 dénemi
i¢in aylik frekansta ele alinmistir. Caligmada degiskenler arasindaki iliskileri
zaman serisi yontemleri ile incelemek i¢in Toda - Yamamoto ve Fourier Toda-
Yamamoto nedensellik testleri kullanilmistir. Sonuglar Tiirkiye’de politika
faizinden pay senedi piyasalarma tek yonlii nedensellik iliskisi, TUFE ve
Dolar/TL arasinda ¢ift yonlii nedensellik iliskisi ve BIST100’den Dolar/TL’ye
tek yonlii nedensellik iligkisi oldugunu gostermektedir. Politika faiz orani ve
Dolar/TL do6viz kuru ile TUFE ve BIST100 arasindan nedensellik iliskisi
bulunamamustir. Hem TY hem de FTY nedensellik analizinden elde edilen
bulgularin paralel olmasi segili degiskenlerin Fourier egilimlere sahip
oldugunu kanitlamaktadir. Buradan hareketle politika faiz oramindaki bir
degisim BIST1001 etkilemekte iken BIST100’deki bir degisim Dolar/TL’yi
etkilemektedir. Bu bulgular yatirimeilar, politika yapicilar ve arastirmacilar
i¢in yeni bilgiler saglamaktadir.

Abstract

The objective of this study is to examine the relationships between stock
markets and macroeconomic variables in Turkey. For this purpose, the Borsa
Istanbul 100 index (BIST100), the consumer price index (TUFE), the policy
interest rate and the exchange rate (dollar/TL) variables were discussed in the
study at a monthly frequency for the period January 2000 - October 2023.The
study used Toda - Yamamoto and Fourier Toda - Yamamoto causality tests to
examine the relationships between variables using time series methods. The
results show that there is a uni-directional causality from the policy rate to the
stock markets in Turkey, a bi-directional causality from TUFE to Dollar/TL,
and a uni-directional causality from BIST100 to Dollar/TL. No causality was
found between the policy interest rate and the dollar/TL exchange rate and
TUFE and BIST100. The fact that the results of the TY and FTY causality
analyses are parallel is evidence that the selected variables have Fourier trends.
Based on these findings, a change in the policy rate affects the BIST100, while
a change in the BIST100 affects the Dollar/TL. These results provide new
information for investors, policymakers, and researchers.
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1. Giris

Pay senedi piyasalar1 ulusal ve uluslararast yatirimcilarin risk-getiri yaklagimiyla
tasarruflarin1 verimli yatirim alanlarda degerlendirmelerine imkan taniyarak iilke ekonomilerini
desteklemektedir (Imegi, 2014: 80; Yildiz ve Sanli, 2023: 628). Pay senedi fiyatlarini etkileyen
faktorlerin belirlenmesi arastirmacilar tarafindan literatiirde genis bir sekilde ele alinmis olup
giinimiizde hala Onemini koruyan bir konudur. Ekonomik degiskenler firma temettiilerini
etkilemekte ve indirgenmis temettii degerleri pay senedi fiyatlarimi etkiledigi icin reel ve
nominal giicler beklenen nakit akislarni degistirmektedir. Ornegin, beklenen enflasyon,
nominal faiz orani, beklenen iiretim diizeyindeki degisiklikler gibi durumlarda nakit akiglar
degismektedir (Chen vd., 1986).

Pay senedi yatirnmlari sistematik ve sistematik olmayan risklerden etkilenmektedir.
Makroekonomik degiskenler sistematik risk unsurlarini barindirdigi i¢in pay senedi getirileri
tizerinde sistematik bir etkiye sahiptir. Enflasyon, faiz oranlari ve doviz kurlar sirketlerin
performanslarma degisik agilardan etki eden ii¢ 6nemli faktordiir. Enflasyon nedeniyle mal ve
hizmet fiyatlarinin artmasi satin alma giiciinii azaltarak ulusal para hakimiyetinin kaybolmasina
neden olabilir. Enflasyonun yiikselmesi ekonomide gerilemeyi tetikleyerek sirket karliliklarinin
azalmasina ve pay senedi fiyatlarmin daha az rekabet¢i olmasina neden olacaktir (Flannery ve
Protopapadakis, 2002; Fahlevi, 2019: 158; Melyani, 2021). Riskten kaginma amaci iginde olan
yatirimeilar bu durumda enflasyon belirsizligi ile karsi kargiya kalabilirler. Bu yatirimei igin
olumsuz bir sinyal oldugundan, mevcut pay senetlerini elden ¢ikarma (serbest birakma)
olasiliklar1 ortaya ¢ikabilir (Hanitha vd., 2022: 3-4).

Faiz oranlarinda meydana gelen degisimler firma yatirimlarini etkileyebilecegi icin pay
senedi fiyatlarin1 da etkileyebilir. Faiz oranlar1 ve pay senedi fiyatlar1 arasindaki iliski ii¢
faktorden etkilenmektedir. Birincisi yiiksek finansal borcu olan firmalar faiz oranlar
yiikseldiginde bu durumdan negatif etkilenirler. Ikincisi, faiz geliri ve nakit fazlasia sahip
firmalar ise faizlerdeki artistan olumlu etkilenebilir. Ugiinciisii ise yatirimeilar igin tahviller ve
pay senetleri iki farkli varlik alternatifidir. Pay senedine yatirim yapan yatirimecilar faizler
yiikseldiginde pay senetlerini satarak mevduat veya sabit getirili varliklara (6rnegin tahvil)
yonelebilirler. Boyle bir durumda ise pay senedi fiyatlarinda baski olusturur (Wismantara ve
Darmayanti, 2017; Unal, 2021: 496; Hanitha vd., 2022: 3). Yatirumcilar daha fazla kér elde
etmek i¢in yatirim araci tercihlerini degistirebilirler.

Doéviz kurunda meydana gelen degisimler ulusal para iizerindeki etkisinden dolay1
firmalar1 maliyetler, sermaye yapisi ve satiglar olmak iizere ii¢ agidan etkileyebilir. Fiyat1 doviz
iizerinden belirlenen enerji gibi birgok ithal girdinin fiyatlar1 kurdaki yiikselmeden dolay1
maliyetlerin artmasina neden olmaktadir. Bu durum ihracat yapan isletmeler icin olumlu
olurken, ithalat yapan isletmeler i¢in olumsuz olmaktadir. Ayrica dévizle borcu olan sirketler de
bu durumdan olumsuz etkilenmektedir (Ozdemir ve Kaderli, 2019: 448; Unal, 2021: 496).

Tiirkiye Cumhuriyet Merkez Bankasi (TCMB), temel amaci olan fiyat istikrarini
saglamaya calisirken finansal istikrarin gozetilmesine de onem vermektedir (TCMB, 2024).
Tiirkiye'de para politikas1 rejimi olarak 2001 yilindan sonra doviz kuru dalgalanmasi ve
enflasyon hedeflemesi rejimine gecilmis, 2002-2005 donemi “ortiik enflasyon hedeflemesi”
benimsenmis, 2006’dan itibaren “(agik) enflasyon hedeflemesi rejimi” uygulanmaya
baslanmistir (TCMB, 2024). Enflasyon Hedeflemesi rejiminin ge¢misi, para otoritelerinin fiyat
istikrarim temel hedef olarak kabul ettigi 19901 yillara kadar uzanmaktadir (Calvo, 1978: 1411;
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Kydland ve Prescott, 1977: 474). Ilk olarak Yeni Zelanda’nin 1990°da bu hedeflemeyi kabul
etmesinden sonra son olarak diinya ¢apinda 45 merkez bankasi bu hedeflemeyi takip etmektedir
(Arsi¢ vd., 2022: 676; Mirza vd., 2023: 2). TCMB, (2024) para politikas1 kararlarin1 alirken,
makro ve mikro diizeyde fiyatlarin ayrintili analizi, enflasyon beklentileri ve fiyatlama
davranislar1, para politikasinin etkileyebilecegi talep unsurlari, arz yonlii gelismeler, i¢-dis
denge, tasarruf egilimi ve krediler dahil olmak iizere finansal kosullar ile likidite ve fiyat
istikrarini etkileyen diger tiim unsurlardaki gelismeleri dikkate alinacagini vurgulamaktadir. Bu
dogrultuda bu caligmada analizden elde edilen sonuglar fiyat ve finansal istikrar amaci
dogrultusunda politika kararlarina ve devaminda uygulanmalarina katki saglayabilir.

Tirkiye, 2000’lerden sonra yurt icinde i¢ karigikliklar, dogal afetler, terdr olaylar: ile
kars1 karsiya kalmigtir. Bunun yaninda ekonomik olarak Covid-19 Pandemisine kadar daha
istikrarli bir siire¢ yasanmig olup ekonomik gostergeler bu siirecten sonra net bir sekilde
dalgalanmaya (degismeye) baglamistir (Sekil 1, Sekil 2 ve Sekil, 3). Bir diger taraftan yurt dist
kaynakl1 olarak Mart 2003 ABD-Irak savasi, 2008 Kiiresel Ekonomik Krizi, 2010 Avrupa Borg
Krizi, 2011 Arap Bahari, Mart 2011 Suriye i¢ Savasi (halen devam etmekte), 2019 Covid-19
Pandemisi ve 2022 Rusya-Ukrayna Savasi1 gibi kiiresel olaylardan dolay1 ortaya ¢ikan risk ve
belirsizliklere de maruz kalmistir. Bu siire¢ hem siyasi hem de ekonomik istikrarsizliklarinda
yasanmasina neden olmustur. Ocak 2000-Ekim 2023 donemi BIST100 endeksi ve TUFE
arasindaki iliski Sekil 1°de yer almaktadir. Bu siiregte Temmuz 2004’ten sonra BIST100 ile
TUFE hareketliliginin ortak oldugu soylenebilir. Ilgili donemde en dikkat cekici olan
Tiirkiye’de enflasyon oranlarimin 2000-2003 ve 2019-2023 arasi donemde aymi seviyelerde
oldugu goriilmektedir. Tiirkiye icin Subat 2004 ve Ocak 2017 arasi istikrarli bir siirecin
ardindan ilk olarak Nisan 2018’de bir bozulma yaganmis olup daha sonra Mart 2020’den sonra
enflasyon orani tekrar yiikselmeye baslanustir. Tiirkiye %3.99 ile TUFE’nin en diisiik oldugu
zaman Mart 2011 donemidir. En yiiksek oldugu %85.51 ise Ekim 2022 donemidir.

BIST100 & TUFE
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Sekil 1. BIST100 ve TUFE Grafiksel Gosterimi
Kaynak: TCMB-EVDS

2000-2023 donemi icin BIST100 ve politika faiz orani arasindaki iliski Sekil 2’de
gosterilmektedir. Genel olarak BIT100 ve politika faiz orani arasinda birlikte hareketliligin
oldugu bir siire¢ gozlenmektedir. Ocak 2011-Temmuz 2011 aras1 donemde politika faizi oram
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1.50 puan ile en diisiik oldugu degerdir. Aralik 2000 doneminde politika faizi oran1 %183 puan
ile en yiiksek oldugu donemdir. Ekim 2023 donemi i¢in politika faiz oran1 %33.30’dir.

BIST100 & Politika Faizi
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Sekil 2. BIST100 ve Politika Faizi Grafiksel Gosterimi
Kaynak: TCMB-EVDS

Sekil 3, BIST100 ve Dolar/TL arasindaki grafiksel gosterim yer almaktadir. 2000-2023
donemi i¢in BIST100 ve Dolar/TL arasinda oldukc¢a yakin bir birlikte hareketlilik oldugu
goriilmektedir. Ocak 2000°de 0.55 TL olan bir dolar, Mart 2018’de 3.88 TL, Agustos 2018’de
5.80 TL ve Ekim 2023°te 28.31 TL olmustur. Bdylece yirmi ii¢ yillik siiregte Tiirk Liras1t ABD
Dolari karsisinda 51.47 kat deger kaybetmistir.

BIST100 & Dolar/TL
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Sekil 3. BIST100 ve Dolar/TL Grafiksel Gosterimi
Kaynak: TCMB-EVDS

BIST100 ile TUFE, politika faiz oran1 ve Dolar/TL arasindaki ikili iliskilerde degiskenler
arasindaki ortak hareketliligin oldugu agikca goriilmektedir. Uzun bir istikrarli siirecin ardindan
ilk olarak 2018 yili TUFE, politika faiz oram1 ve Dolar/TL’de yukar1 yonlii degisimlerin
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yasandig1 goriilmektedir. 2018 yili hem gelismis ekonomilerin merkez bankalarinin politika
degisikliklerinin gelismekte olan iilkelere olumsuz etkileri ve Tiirkiye 6zelinde ABD ile yasanan
Rahip Brunson olaymin etkiledigi doviz kuru krizi siirecidir (Sezal, 2020: 17).

Calismanin amaci1 Tirkiye icin pay senedi piyasalari ve makroekonomik degiskenler
arasindaki iligkileri aragtirmaktir. Pay senedi piyasast BIST100 endeksi ile makroekonomik
gostergeler enflasyon (Tiiketici Fiyat Endeksi-TUFE), politika faiz oram (FAIZ) ve déviz kuru
(Dolar/TL) ile temsil edilmektedir. Caligmada 2000-2023 yillar1 arasi aylik veriler TY ve FTY
nedensellik testleri kullanilarak analiz edilmistir. Sonugclar, ilgili dénem igin politika faiz
oranindan BIST100’e ve BIST100’den Dolar/TL déviz kuruna tek yonlii nedensellik oldugunu
gostermektedir. Ayrica TUFE ve Dolar/TL arasinda cift yonlii nedensellik iliskisi oldugu tespit
edilmistir. Bu calisma, geleneksel nedensellik analizinden elde edilen bulgularin, yapisal
kirilmalar dikkate alindiginda da gecerli olup/olmadigini sinamak ve bu yolla bir direnclilik
(robustness) analizi yaparak Tirkiye literatiiriine katki yapmaktadir. Hem TY hem de FTY
nedensellik analizinden elde edilen bulgularin paralel olmasi segili degiskenlerin Fourier
egilimlere sahip oldugunu kanitlamaktadir.

Bu ¢alisma su sekilde devam etmektedir. ikinci boliim literatiir taramas1 olup veri ve
metodoloji liglince bolimde yer almaktadir. Ampirik bulgular ile devam eden dordiincii
boliimden sonra besinci boliim sonug kismu ile ¢aligsma sonlandirilmaktadir.

2. Literatiir Taramasi

Makroekonomik degiskenlerin pay senedi fiyatlari {izerine etkileri konusunda genis bir
literatlir bulunmaktadir. Bu calisma kapsaminda ele alinan enflasyon, faiz orani ve doviz kuru
degiskenlerinin birlikte kullanildigi veya birkacinin kullanildig: secili literatiir tablosu, Tablo
1’de yer almaktadir. incelenen literatiir {ic gruba ayrilmistir: gelismis ekonomiler (Panel A),
gelismekte olan/az gelismis ekonomiler (Panel B) ve Tiirkiye (Panel C) {izerine yapilan
calismalardir.

Makroekonomik faktorlerin ABD pay senedi piyasalari iizerindekini tespit eden Chen ve
digerlerinin (1986) ¢alismalarindan bu yana reel ekonomi ve finansal piyasalar iligkisi 6nemli
bir aragtirma alani olmustur. Gelismis ekonomilerden ABD, Kanada, Japonya, Fransa,
Almanya, Italya ve Ingiltere’de makroekonomik faktorlerin pay senedi piyasalarim etkiledigi
ifade edilmistir (Chen vd., 1986; Bhuiyan ve Chowdhury, 2020). Gelismekte olan veya az
gelismis iilkelerde ise makroekonomik faktorler ve pay senedi piyasalari arasinda iliski oldugu
tespit edilmistir (Maghayereh, 2003; Maysami vd., 2004; Alam ve Rashid, 2014; Lee ve
Brahmasrene, 2018; Al Amin ve Sholahuddin, 2023). Genel olarak ¢alismalar degiskenler
arasinda iliski bulmustur. Tiirkiye {izerine literatiir i¢cin kullamlan degiskenler, 6rneklem
periyodu ve analiz yontemleri agisindan c¢alismalarin veri seti degismekte olup genel kani
makroekonomik faktorlerin pay senedi fiyatlarini etkiledigi yoniinde olmustur (Durukan, 1999;
Gengtiirk, 2009; Ozer vd., 2011; Aktas ve Akdag, 2013; Ozmen vd., 2017; Koyuncu, 2018;
Ilgin ve Sari, 2020; Unal ve Karas, 2021; Unal Ergin vd., 2022; Yildiz ve Sanli, 2023).

Bir¢ok ampirik ¢aligma, makroekonomik degiskenler ile finansal piyasalar arasindaki
iliskileri, EKK’y1 kullanarak analiz etmektedir (Durukan, 1999; Ozer vd., 2011). Granger
Nedensellik Analizi, (Gan vd., 2006; Ozer vd., 2011; Aktas ve Akdag, 2013; Ozmen vd., 2017;
Yildiz ve Sanli, 2023). Esgbiitiinlesme testlerini kullanan ¢aligmalar literatiirde olduk¢a fazla
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saylda goriilmiistiir. Bunun nedeni olarak ilk ¢alismalar Ross (1976) Arbitraj Fiyatlama Teorisi
cercevesini kullanarak ekonomik faktdrlerin pay senedi piyasalari ile iligkilerini arastirmiglardir.
Cok degiskenli regresyon modeli kullanilarak yapilan analizler iligkileri yakalamistir (Bhuiyan
ve Chowdhury, 2020). Daha sonra Engle ve Granger (1987) tarafindan gelistirilen esbiitiinlesme
yaklasim ile, sahte korelasyonlar konusunda endiselenmenize gerek kalmadan degiskenler
arasindaki uzun vadeli denge iligkilerinin incelenmesi i¢in alternatif bir yaklasim olmustur.
Esbiitiinlesme testlerinin gelismesinden itibaren literatiirde yaygin bir sekilde bu iligkileri analiz
etmek icin kullamlmstir (Maghayereh, 2003; Gan vd., 2006; Ozer vd., 2011; Masuduzzaman,
2012; Ozmen vd., 2017; Koyuncu, 2018; Bhuiyan ve Chowdhury, 2020; Saka Ilgm ve Sari,
2020). Nedensellik analizi yaklagimi kullanan calismalar ise Granger Nedensellik, Toda-
Yamamoto Nedensellik ve Asimetrik Nedensellik olarak gruplandirilabilir (Gan vd., 2006;
Aktas ve Akdag, 2013; Ozmen vd., 2017; Yildiz ve Sanli, 2023).

Tablo 1. Makroekonomik Degiskenler ve Borsa Uzerine Yapilan Cahismalara Genel Bir Bakis

Yazarlar Ulkeler/Dénem Yontem Degiskenler Sonug¢

Panel A: Gelismis Ekonomiler

Arbitraj I - Sanayi tiretimi ve risk
Chen vd. ABD Fiyatlama Teorisi  Luketim, PF, SUE, 0 o deki degisimler ile
. Risk Primi Degisimi -
(1986) 1958-1984 Cergevesi-Cok Getiri Eérisi pay senedi getirileri
Faktorlii Model Ve et Bgrist arasinda iligki vardir.
Park ve Ratti ABD ve VA_R Ana!izi, ) ABI_)_ ve Japonya’da .hem
(2000) Japonya Etki-Tepki TUFE, FO ve SUE pozitif hem de negatif
1979-1982 Fonksiyonlari iligki vardir.
Yeni Zelanda fzog‘?.??e? TUFE, FO, DK, Ui‘.‘.n.qcl’“em ks
Gan vd. (2006)  01.1993- SOUMNIESME V€ oy para Arzr,  Coooruniesme Tskisi
01.2003 Granger _ PE vardir.
Nedensellik
Johansen
Almanya ve Esgbiitiinlesme, Ingiltere ve Almanya igin
Masuduzzaman Ingiltere ECM, TUFE, FO, DK, borsa ve degiskenler
(2012) 02.1999- Nedensellik Testi  Para Arzi ve SUE arasinda egbiitiinlesme ve
01.2011 ve Etki-Tepki nedensellik iligkisi vardir.
Fonksiyonlari
ABD'de para arz1 pay
Bhuiyan ve ABD ve Esbiitiinlesme Sanayi Uiretimi, Para  senetlerini olumlu yonde,
Chowdhury Kanada Testleri ve Arzi ve Uzun Vadeli  faiz orani olumsuz yonde
(2020) 2000-2008 VECM Faiz Oranlar etkilemektedir. Kanada’da

iligki yoktur.

Panel B: Gelismekte Olan ve Az Gelismis Ulkeler

. Cok Degiskenli TUFE, FO, Ihracat, Makroekonomik
Maghayereh  Urdiin e - .
(2003) 01.1987-12.2000 Esbiitiinlesme Yabanci rezervler ve  degiskenler pay senedi
' ' Testi ve VECM SUE fiyatlarini etkilemektedir.

Maysami Singapur %Zg?i:;irfesme TUFE, FO, DK, Esbiitiinlesme iligkisi
vd. (2004) 01.1989-12.2001 Testi ve VECM SUE ve Para Arzi vardir.

Hervevd.  Fildisi Sahili %‘;rl‘)?{t‘;irl‘esme EEFﬁérFaOAifevle Esbiitinlesme iligkisi
(2011) 01.1999-04.2007 Testi SUE vardir.

Alam ve Johansen - o e
Rashid Pakistan Esbiitiinlesme ve ggEE’ng ;:1)/1%(;21 Ei);trunlesme iligkisi
(2014) GARCH v vardir.
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Tablo 1. Devamm

Jarefio ve GSYH, TUFE, ABD borsasi ile degiskenler
ABD Pearson Korelasyon - i .
Negrut 2008-2014 Katsavisi SUE, FO ve arasinda pozitif ve negatif
(2016) Y Issizlik Oram korelasyon vardir.
Esbiitiinlesme iliskisi vardir.
Lee ve Kore Esbiitiinlesme Testi, TUFE. FO. DK Kisa déonemde doviz kuru pay
Brahmasrene  01.1986- VECM ve Etki-Tepki Para A’m v’e SUE senedi fiyatlari ile pozitif,
(2018) 10.2016 Fonksiyonlari SUE ve enflasyon ise negatif
iligkilidir.
Al Amin ve
Sholahuddi, ~ Cndonezya  Coklu Regresyon TUFE, FO ve DK iliski vardur.
2019-2022  Analizi
(2023)
Panel C: Tiirkiye
Durukan Tirkiye En Kiiciik Kareler TUFE, FO, DK, Faiz oran1 pay senedi
(1999) 1986-1998 Yontemi (EKK) SUE ve Para Arz1  piyasalari ile negatif iliskilidir.
.y TUFE, DK, FO, <1z doneminde borsaile
. Tiirkiye - - TUFE ve para arz1 iliskilidir.
Gengtiirk Coklu Dogrusal SUE, Para Arzi, . . ..
1992-2006 .. Kriz olmayan dénemde tiim
(2009) Regresyon Analizi AF ve ABD o .
. degiskenler borsa ile
Hazine Bonusu LT
iligkilidir.
Faiz orani, enflasyon ve dig
Tiirkive EKK, Johansen- TUFE, FO, DK, ticaret dengesi borsay1
Ozer vd. 01 1936- Juselius Esbiitiinlesme  Dis Ticaret etkilemektedir. Borsa’dan
(2011) 12'2009 Testi ve Granger Dengesi, AF, Para  SUE, AF ve para arzina dogru
' Nedensellik Testi Arz1 ve SUE tek yonlii bir nedensellik
vardir.
Coklu Dogrusal . Borsa ile KKO arasinda ¢ift
Aktasvve Tiirkiye Regresyon Analizi ve TUFE, FO?. DK.’ . yonlii nedensellik vardir.
Akdag . KKO ve Tiiketici o .
2008-2012 Granger Nedensellik . . Degiskenler pay senedi
(2013) . Giiven Endeksi . . .
Testi piyasasini etkilemektedir.
Ozmen vd Tiirkive Johansen Hem birlikte hareketlilik hem
’ y Esbiitiinlesme, VEC ve  TUFE, DK ve FO  de nedensellik iliskisi tespit
(2017) 1997-2017 : S
Granger Nedensellik edilmistir.
Enale-Granaer ve Esbiitiinlesme iliskisi vardir.
KovUnCu Tiirkiye Phigli s-OuIigaris TUFE, FO, Reel  Enflasyon ve SUE borsa
Y 1988-2016 1ps . Ekonomik endeksini pozitif, faiz orani ve
(2018) Esbiitiinlesme Testi, . - a e )
Biiyiime ve SUE ekonomik biiyiime ise negatif
FMOLS . :
etkilemektedir.
Saka Ilgin Tirkiye Doviz kuru, faiz orani ve
ve Sar1 11.2009- ARDL Sinir Testi TUFE, DK ve FO  enflasyon uzun ve kisa donem
(2020) 12.2019 i¢in endeksleri etkilemektedir.
Unal ve Gregory-Hansen BIST100 endeksi ile
Kara Tirkiye Esbiitiinlesme Testi, TUFE, DK, FO ve degiskenler arasinda uzun
(202 i) 2003-2018  Varyans Ayrigtirma GSYH donem birlikte hareketlilik
Analizi vardir.
Tiirkiye TUFE, DK, FO Déviz kuru, EGE ve TUFE
Unal Ergin . Ekonomik Giiven ~ BIST100 ile pozitif, tahvil
vi.(2022)  opoesy  ARDLSmrTest Endeksi (EGE), faizi ve VIX ile negatif yonde
' VIX ve PF iliskilidir.
TUFE, DK, FO, . e
Vildi Tirkiye ARDL Sinir Testi, Tahvil Getirisi, gsb}iltinﬁsr:;e ;lllfk;S] Vartdlkr.
Sanllz(; 323) Q1:2008- Toda-Yamamoto SUE, Kredi éengl N ni: d:nszllikoilisalZizi ¢
Q2:2022 Granger Nedensellik Hacmi, GSYH, 2’ i‘; dilmistir 3
CDS, Covid-19  'CSPI cqrmistit.

Not: SUE: Sanayi Uretim Endeksi, TUFE: Tiiketici Fiyat Endeksi, PA: Para Arzi, FO: Faiz Oram, DK:
Do6viz Kuru, AF: Altin Fiyati, KKO: Kapasite Kullanim Orani i¢in kisaltma olarak kullanilmistir. GSYH:
Gayri Safi Yurti¢i Hasila.
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Makroekonomik degiskenler ve pay senedi piyasalar1 arasindaki iligkinin 6nemi bu
iligkinin bir¢cok arastirmaci tarafindan siirekli olarak c¢esitli modellerle ve yontemlerle
incelenmesini saglamistir. Makroekonomik degiskenler ve finansal piyasalar1 arasinda baglanti
oldugunu varsayan teoriler modellere dahil edilmesi gereken makroekonomik degiskenlerin
tiirlinii veya sayisini belirtmezler (Ouma ve Muriu, 2014). Literatiir incelemesinin sonuglarina
gore, pay senedi fiyatlarini neyin etkiledigini belirleyebilmek adina ¢ok sayida makroekonomik
degiskenin kullanildig1 goriilmiistiir. Calismalardan elde edilen bulgulara gore iilke, kullanilan
degisken, yontem ve incelenen zaman periyoduna gore sonuglar karmasiktir. Her ne kadar
iilkelerin piyasa oOzellikleri farkli olsa da genel bir sonug¢ olarak pay senedi piyasalar ile
makroekonomik degiskenler arasinda bir iligski oldugu da sdylenebilir.

Pay senedi fiyatlar1 ile makroekonomik faktorler arasindaki iligkilerin incelenmesinde
regresyon analizi, korelasyon analizi, VAR modeli, VECM yontemi, esbiitiinlesme testleri,
ARDL Sinir Testi, Granger Nedensellik Testi, Toda - Yamamoto Nedensellik testi ve Asimetrik
nedensellik testlerinin yaygin olarak kullamldigi gorilmistiir. Literatiir ilk olarak gelismis
iilkeler {izerine odaklanmis daha sonraki siirecte gelismekte olan veya az gelismis piyasalar
arastirilmigtir. Uluslararasi literatiir 1980°1i yillardan sonra bu alana odaklanmis olup Tiirkiye
iizerine literatiir 2000’lerden sonra gelismeye baglamistir.

3. Ekonometrik Metodoloji

Nedensellik analizinde ilk olarak Toda ve Yamamoto (1995) tarafindan Onerilen
nedensellik yaklagimindan yararlanilmistir. Bu yaklasim, serilerin birim kdk ve /veya
esbiitiinlesme Ozelliklerinin dikkat alinarak nedensellik sinamalarinin yapilmasina olanak
saglayan esnek bir metottur. Bu yaklasimin temel 6zelligi, VAR modellerinin tahmininde
serilerin seviye degerlerinin kullanilmasidir. Uygulamada ilk yapilmasi gereken VAR modeli
icin uygun gecikme uzunlugunun (p) belirlenmesidir. Geleneksel bir VAR(p) modelini su
sekilde tanimlamak miimkiindiir:

Ve=V+ Pyt + Py 1)

burada y, m tane endojen degiskeni, y sabit terim vektoriinii, ® = (Py,...,P,)" katsayr
matrisini ve u; hata terimini temsil etmektedir. Toda ve Yamamoto (1995), degiskenlerin seviye
degerlerinin kullanildigi VAR modeline degiskenlerin maksimum entegrasyon derecesi (d)
kadar ek gecikme ekleyerek VAR(p+d) modelini tahmin etmeyi onermektedir. Toda ve
Yamamoto nedensellik yaklasgimin temelini olusturan VAR(p+d) modelini su sekilde
tanimlayabiliriz:

Ve =V + Py g+ o+ PpraVe_pra) T U 2

Granger nedenselligi test etmek igin y,'nin ilgili degiskeni i¢in ilk p parametre tizerine
sifir kisitlamasi (H,: @4 = - = @, = 0) yapilir. “Granger nedensellik yoktur” kisitini test
etmek igin kullamlan Wald istatistigi, p serbestlik dereceli asimptotik y? dagilimima sahiptir.

Model (1) ve (2)’de tanimlanan VAR modelleri, degiskenlerde meydana gelen olas bir
yapisal kirilmay1 dikkate almamaktadir. Nazlioglu vd. (2016), Toda - Yamamoto yaklasimini
Fourier serilerle genisleterek, Granger nedensellik analizinde kirilmalar1 hesaba katmaya imkan
tantyan basit bir yaklasim Onermistir. Yazarlar bu yaklasimi Fourier Toda - Yamamoto
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nedensellik yaklagimi olarak isimlendirmislerdir. Bu yaklagimda, y’nin zaman iginde sabit
oldugu varsayimini gevseterek VAR (p+d) modelini su sekilde tanimlamaktadir:

Ve =v(@) + P1yeq + -+ DpraVe-(p+a) T Ut (3)

burada y(t) zamanin bir fonksiyodur ve y,’deki herhangi bir yapisal kaymay1 belirtmektedir.
Kademeli (gradual) bir siire¢ olarak yapisal degisimleri yakalamak i¢in Fourier serileri igeren
y(t) su sekilde tanimlanmaktadir:

(4)

_ (2mkt 2kt
y(®) = v, +y15m< T ) +yzcos< T )

burada k, Fourier frekans sayisin1 gostermektedir. y (t)'nin, model (3)’de yerine konulmasiyla

. (2mkt 2kt
Ye =Yoot V1Sln( T ) + VzCOS( T ) + QY1+ F PprgVe—pra) T Ut ()

elde edilir. Esitlik (5), Fourier frekans (k) ve gecikme (p) sayilarinin belirlenmesini
gerektirmektedir. Bunun ic¢in maksimum Fourier frekans ve gecikme sayisinin tim
kombinasyonlarindan hareketle, Akaike veya Schwarz bilgi bilgi kriterini mimimum yapan K ve
p kombinasyonu segcilir (Nazlioglu vd., 2016).

Son olarak, Granger nedensellik literatiiriindeki son donem c¢alismalar, kiiciik
orneklemlerde Wald istatistiginin giiciinii artirmak ve ayni zamanda verilerin birim kdk ve
esbiitiinlesme 6zelliklerine karsi direngli (robust) olmasini saglamak i¢in “bootstrap” dagilimini
kullanmaktadir (Ayritili bilgi i¢in bkz. Nazlioglu vd., 2016). Bu ¢alismada, Toda - Yamamoto
ve Fourier Toda - Yamamoto modeline dayali Wald istatistiginin bootstrap dagilimi Hatemi-J
(2002) ve Balcilar ve digerlerine (2010) gore elde edilmistir.

4. Veri ve Ampirik Bulgular

Bu galigma kapsaminda kullanilacak olan degiskenler veri boliimiinde agiklanacaktir.
Degiskenlere ait nedensellik testleri ile elde edilen analizi bulgulari ise analiz sonuglar: altinda
ayrintili sekilde ele alinacaktir.

4.1. Veri

Bu ¢alismada Borsa Istanbul gosterge endeksi BIST100, Tiiketici Fiyat Endeksi (TUFE,
2010=100), TCMB politika faiz oram1 (Faiz) ve doviz kuru (Dolar/TL, ABD Dolari-Dénem
ortalamasi) degiskenleri Ocak 2000 — Ekim 2023 doénemi igin aylik frekansta 286 gozlem
kullanilacaktir. Bagimli degisken BIST100 endeksi ve bagimsiz degiskenler olarak da TUFE,
Faiz ve Dolar/TL segilmistir. Borsa Istanbul verisi investing.com adresinden, enflasyon, faiz ve
doviz kuru verileri ise IMF’den (2023) elde edilmistir (15.12.2023).

Tablo 2’de caligmada kullanilan degiskenlere ait tanimlayic istatistikler raporlanmstir.
2000-2023 donemi i¢in BIST100’iin ortalama degeri 899 puan olmustur. Bu siiregte en yiiksek
puan olan 8334.94 endeks puanma 2023 Eylil ayinda ulasmustir. Standart hata degerine gore
oynaklik yiiksek goriilmektedir. Carpiklik degerine gore sag kuyruk daha uzun bir yapi
sergilemekte bu durumda sola ¢arpik bir 6zellik géstermektedir. Basiklik degerine gore de sivri
(leptokurtic) bir dagilim ozelligi gostermektedir. TUFE en yiiksek 85.51 olup Ekim 2022
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donemine denk gelmektedir. Enflasyon sola carptk ve basik (platykurtic) bir dagilim
gostermektedir. Politika faizinin ortalamasi 17.69 olup, en yiiksek degeri 183.20°dir. Bu oran
Aralik 2000 donemine denk gelmektedir. En diisiik degeri 1.5 puan olup Ocak 2011-Temmuz
2011 aras1 donemi kapsamaktadir. Politika faizi serisi sola carpik ve sivri bir dagilim 6zelligi
gostermektedir. Dolar/TL2nin bu dénemde ortalamasi 1 Dolar 3.92 TL’dir. En yiiksek seviyesi
28.30 TL olup Ekim 2023 doneminde ger¢eklesmistir. Standart hata degerlerine gore doviz kuru
bu siirecte en az oynakliga sahip faktor olarak ortaya ¢ikmaktadir. Sirasiyla BIST100, enflasyon
ve faiz Dolar/TL’den 6nce gelmektedir. Jarque-Bera normallik testine gore biitiin degiskenler
normal dagilmamaktadir.

Tablo 2. Tammlayici istatistikler

BIST100 TUFE Faiz Dolar/TL
Ortalama 899.24 19.92 17.96 3.92
Medyan 627.99 10.21 13.37 1.77
Maksimum 8334.94 85.51 183.2 28.3
Minimum 76.26 3.98 1.5 0.54
Std. Sapma 1222.02 19.88 18.7 5.06
Carpiklik 3.74 1.69 3.57 2.75
Basiklik 18.61 4.66 25.01 10.6
Jarque-Bera 3574.68 170.51 6384.1 1051
Olasilik 0.000 0.000 0.000 0.000
Gozlem Sayisi 286 286 286 286

Tablo 3’te degiskenlere ait korelasyon katsayilari raporlanmigtir. 2000-2023 dénemi igin
BIST100, TUFE ile pozitif ama yiiksek olmayan bir korelasyon iliskisine sahipken politika faizi
ile diislik negatif bir korelasyon iliskisine sahiptir. BIST100 ve Dolar/TL bu dénem i¢in pozitif
ve yiksek bir korelasyon iliskisine sahiptir. Serilerin grafiksel gosterimleri ile
iligkilendirildiginde Sekil 1°deki BIST100 ve enflasyon iligkisi 2000-2003 dénemi ve 2021-
2023 donemleri haricinde ¢ok yakin bir iligki igerisinde oldugu goriilmiistiir. Korelasyon
katsayisinin pozitif olmasi grafiksel gosterimle uyusmakla birlikte katsayinin diisiikliigiiniin
sebebi olarak degiskenlerin ayrigtigi donemlerden kaynakli olabilir. Politika faizi ile borsa
arasindaki negatif iligki Sekil 2’de net olarak goriilmemekle birlikte korelasyon analizi
sayesinde bu bilgi elde edilmistir. Doviz kuru i¢in hem Sekil 2°deki grafiksel gosterim hem de
korelasyon analizi birbirini dogrular niteliktedir.

Tablo 3. Korelasyon Matrisi

TUFE Faiz Dolar/TL
BIST100 0.39 -0.19 0.94
TUFE 0.52 0.49
Faiz -0.13

Finansal piyasa yatirimeilari bu bilgiler dogrultusunda portféylerinde hem pay senedi
hem de Dolar’1 ayn1 anda tutmamalar1 gerektigi goriilmektedir. Ayn1 zamanda hem pay senedi
hem de faiz getirili yatirim araglarinin da ayn1 anda elde tutulabilecegi goriilmektedir.
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4.2. Ampirik Bulgular

Borsa, enflasyon, faiz ve doviz kuru arasindaki nedensel iligkinin tespiti i¢in ilk olarak
birim kok analizleri yapilmistir. Birim kok analizleri Augmented Dickey Fuller (Dickey ve
Fuller, 1979), yapisal kirilmal1 birim kok testi (Zivot ve Andrews, 1992) ve fourier yaklasimiyla
birim kok testi (Enders ve Lee, 2012) kullanilmistir. Tablo 4’te serilerin seviye ve birinci
farklar i¢in birim kok testi sonuglar1 gosterilmistir. Degiskenlerin seviye degerleri i¢cin ADF,
ZA-ADF ve F-ADF testleri serilerin birim kok oldugunu gostermistir. Birinci farklar i¢in ADF,
ZA-ADF ve F-ADF testleri degiskenlerin duragan oldugunu gostermistir.

Tablo 4. Birim Kok Analizi Sonugclari

Seviye Birinci Fark
ADF ZA-ADF F-ADF ADF ZA-ADF F-ADF
BIST100 0.848 -2.616 1.364 -18.134%*** -18.729*** -18.234***
TUFE -1.976 -3.185 -3.181 -11.689*** -12.574*** -11.782%**
Faiz -1.684 -2.315 -2.852 -5.289%** -6.560*** -5.529%**
Dolar/TL 1.760 -1.770 -0.502 -11.021%** -12,171%** -11.654***

Not: ADF: Augmented Dickey ve Fuller (1979) birim kok testi. ZA-ADF: Zivot ve Andrews (1992) ADF
kirtlmali birim kok testi. F-ADF: Enders ve Lee (2012) ADF Fourier yaklagimli birim kok testi. ADF
testi sabit terim icerir. ZA-ADF ve F-ADF testleri sabit terimde yapisal kirilma igerir. Optimum
gecikme(ler), ADF ve ZA-ADF testleri igin Schwarz bilgi kriteri ile maksimum gecikme sayisi1 5'e
ayarlandi. Optimum frekans ve gecikmeler, F-ADF icin Schwarz bilgi kriteri ile maksimum gecikme
sayist S'e ve Fourier frekansi 3'e ayarlanarak belirlendi. ADF kritik degerleri -3.433 (1%), -2.862 (5%), -
2.567 (10%). ZA-ADF kritik degerleri -5.34 (1%), -4.80 (5%), -4.58 (10%). Tek frekansli F-ADF testi
icin kritik degerler sunlardir: -4.31 (1%), -3.75 (5%), -3.45 (10%). *, ** ve *** sirasiyla ylizde 10, 5 ve 1
oraninda istatistiksel anlamlilig1 gdstermektedir.

Tablo 5 ve Tablo 6, TY ve FTY nedensellik analizi sonuglarini raporlamaktadir. Tablo 5,
istatistiki ve olasilik degerlerini raporlamaktadir. Tablo 6 ise nedensellik testleri sonuglarinin
anlamlilik seviyelerini ve nedenselligin yoniini 6zetlemektedir.

Tablo 5. Nedensellik Analizi Sonuglari

TY
Bagimh Degisken BIST100 Olasthk TUFE Olasihk Faiz Olasihk Dolar/TL  Olasihk
BIST100 . . 0.760 0.685 6.164 0.051 3.120 0.231
TUFE 1.938 0.406 . . 4.052 0.128 20.840 0.000
Faiz 3.853 0.146 1.930 0.373 . . 5.129 0.076
Dolar/TL 22.122 0.000 4.803 0.087 2262 0.311

FTY
Bagimh Degisken BIST100 Olasithk TUFE Olasihk Faiz Olasihk  Dolar/TL  Olasihik
BIST100 . . 0.629 0.711 6.261 0.048 4.439 0.124
TUFE 2.229 0.327 . . 2.998 0.238 18.020 0.000
Faiz 3.899 0.139 1.715 0.406 : : 3.778 0.159
Dolar/TL 20.898 0.000 5.402 0.078 2981 0.227

Not: TY: Yapisal kirilmalart hesaba katmayan geleneksel TY yaklasimi, FTY: Tek frekansl: Fourier TY
yaklagimi. Maksimum k ve p sirastyla 3 ve 12'ye ayarlanir, ardindan optimal k ve p Schwarz bilgi kriteri
ile belirlenir. Olasilik degeri, 1000 replikasyonlu bootstrap dagilimini temel alan p degeridir. VAR(p+d)
modelleri d'nin 1'e esit olmasiyla tahmin edilmektedir. Cok degiskenli VAR modeli BIST100, TUFE,
Faiz ve Dolar/TL'yi icermektedir.
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Bagimli degiskenin BIST100 oldugu modelde hem TY hem FTY nedensellik analizinde
faizden borsaya tek yonlii nedensellik vardir. TUFE ve Doviz kuru ile borsa arasinda
nedensellik tespit edilememistir. Bagimli degiskenin TUFE oldugu modelde déviz kurundan
borsaya tek yonlii nedensellik tespit edilmistir. Borsa ve Faiz ile TUFE arasinda nedensellik
tespit edilememistir. Bagimli degiskenin Faiz oldugu modelde faiz ile diger degiskenler
arasinda nedensel bir iliski bulunamamistir. Bagimli degiskenin Dolar/TL oldugu modelde
borsa ve TUFE’den doviz kuruna tek yonlii nedensellik tespit edilmistir. Dolar/TL ile faiz
arasinda herhangi bir nedensellik iligkisi bulunamamgtir.

Tablo 6. Nedensellik Analizi Sonuglar1 Ozet Gosterimi

TY
Bagimh Degisken BIST100 TUFE Faiz Dolar/TL
BIST100 < (%10)
TUFE <= (%1)
Faiz
Dolar/TL = (%1) = (%10)

FTY
Bagimh Degisken BIST100 TUFE Faiz Dolar/TL
BIST100 <= (%5)
TUFE <= (%1)
Faiz
Dolar/TL = (%1) = (%10)

Not: « : Situndaki degiskenden satirdaki degiskene dogru tek yonlii nedensellik oldugunu ifade
etmektedir. Bos birakilan hiicrelerde nedensellik iligkisi yoktur. Parantez icerisindeki degerler anlamlilik
diizeyini ifade etmektedir.

Sekil 4, degiskenler arasindaki nedensellik analizi sonuglarini gostermektedir. Borsa
Istanbul 100 endeksi ve politika faiz oran1 arasinda nedensellik tespit edilmis olup nedenselligin
yonii faiz oranindan BIST100’e dogrudur. Politika faizinde meydana gelen bir sokun BIST100
endeksini etkiledigi soylenebilir. Borsa Istanbul 100 endeksi ve déviz kuru arasinda tek yonlii
nedensel bir iliski oldugu ve nedensel iliskinin yoniiniin BIST100°den Dolar/TL déviz kuruna
dogru oldugu goriilmektedir. Pay senedi piyasasindaki bir degisimin Dolar/TL doviz kuruna
Ongorii bilgisi sagladig1 soylenebilir. Enflasyon ve déviz kuru arasinda ise ¢ift yonlii nedensellik
iligkisi tespit edilmistir. TUFE’deki bir degisim Dolar/TL doviz kurunu etkilemekte ve
Dolar/TL’deki bir sok TUFE’yi etkilemektedir.

BIST100

TUFE \
\ FAIZ

DOLAR/TL
Sekil 4. Degiskenler Arasindaki Nedensellik Analizi Sonuglar:

Tiirkiye i¢in politika faiz orani ile Dolar/TL déviz kuru arasinda ve TUFE ve BIST100
arasinda nedensellik iligkisi olmadigi goriilmektedir. Bu bulgu sayesinde 6zellikle enflasyonist
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donemlerde yatirnmcilarin tasarruflarimi BIST100 endeksinde degerlendirebilecekleri bilgisine
ulagilabilir. Ayn1 sekilde politika faiz orani ve Dolar/TL arasinda iliski olmamasi yatirimcilar ve
politika yapicilar igin 6nemli ¢ikarimlar saglayabilir.

5. Sonuc¢

Bu c¢aligmada gelismekte olan ekonomi grubunda yer alan Tiirkiye igin pay senedi
piyasalart ve se¢ili makroekonomik degiskenler arasindaki dinamik iliskileri belirleyebilmek
icin Ocak 2000 — Ekim 2023 donemi verileri aylik frekansta kullanilmistir. Bu dogrultuda
degiskenler arasinda nedensellik iligkisinin olup olmadigini ve nedensellik iligkisi mevcutsa
iliskinin yoniinii belirlemek i¢in Toda - Yamamoto (TY) ve Fourier Toda - Yamamoto (FTY)
nedensellik testleri uygulanmustir. Pay senedi piyasasi igin, Borsa Istanbul 100 endeksi
(BIST100), enflasyon igin tiiketici fiyat endeksi (TUFE), faiz orani icin TCMB politika faiz
orani ve doviz kuru i¢in Dolar/TL degiskenleri kullanilmistir.

Calismada nedensellik testleri sonucunda elde edilen bulgulara gore Tiirkiye’de (i)
BIST100’den Dolar/TL d6viz kuruna tek yonlii nedensellik iliskisi, (ii) politika faiz oranindan
BIST100’e tek yonlii nedensellik iliskisi ve (iii) TUFE ve Dolar/TL arasinda ¢ift yonlii
nedensellik iliskisi oldugu tespit edilmistir. TUFE ile BIST100 arasinda ve politika faiz orani ile
Dolar/TL doviz kuru arasinda nedensellik iliskisi bulunamamistir. Calismadan elde edilen
nedensellik iligkisi oldugunu gosteren sonuglar literatiirdeki arastirmalar ile paralellik
gostermektedir. (Ozer vd., 2011; Masuduzzaman, 2012; Aktas ve Akdag, 2013; Ozmen vd.,
2017; Bhuiyan ve Chowdhury, 2020; Keswani ve Wandha, 2021; Yildiz ve Sanli, 2023). Ayrica
bir diger 6nemli sonug elde edilen bulgularin yapisal kirilmalar dikkate alindiginda da gegerli
olmasidir. Ozellikle belirtmek gerekirse FTY nedensellik analizinden elde edilen sonuglarin TY
nedensellik analizinden elde edilen sonuclarla paralel olmasi segili degiskenlerin fourier
egilimlere sahip oldugunu kanitlamaktadir.

2008 Kiiresel Ekonomik Krizi ve 2020 Covid-19 Pandemisi sonrasi siiregte yasanan
ekonomik faaliyetlerin duraklamasi sonucu yasanan olumsuzluklarin tetikledigi yeni bir kiiresel
krizin etkileri diisliniiliirse ve TCMB, enflasyon hedeflemesi politikas1 dogrultusunda Tiirkiye
ekonomisi i¢in pay senedi piyasalart ve makroekonomik gostergeler arasindaki iliskileri
anlamak oldukca Onemlidir. Tasarruf sahibi olanlarin tasarruflarin1 degerlendirmeleri ve
ekonomiye kazandirmalar1 ekonomik faaliyetlerin devami igin 6nem arz etmektedir. Enflasyon,
politika faiz oram1 ve doviz kurlart iilkelerin genel ekonomik durumlari igin yatirimcilar
tarafindan dikkatle takip edilen temel gostergelerdir. Kisa ve uzun donem yatirim
degerlendirmesi ve portfoy c¢esitlendirmesi igin degiskenler arasindaki karsilikli iligkinin
dikkatli bir sekilde takip edilmesi gerekmektedir.

Bu ¢alisma, geleneksel nedensellik analizinden elde edilen bulgularin, yapisal kirilmalar
hesaba katildiginda da gecerli olup/olmadigini sinamak ve bu yolla bir direnglilik (robustness)
analizi yaparak Tirkiye literatiiriine katki yapmaktadir. Analiz sonuglarindan elde edilen
bulgularin yapisal kirilmalar dikkate alindiginda da gegerli oldugunun goriilmesi ¢alismanin
literatiire Onemli bir katkisidir.  Arastirmacilar agisindan Tiirkiye Orneginde sonuglarin
sunuldugu bu calismadan hareketle farkli tilke ekonomileri i¢in de yapisal kirilmalarin dikkate
alindigi, donemsel iligkilerin anlasilmasini saglayan yontemler kullanilarak yeni g¢aligsmalar
yapilabilir. Tiiketici fiyat endeksi ve pay senedi piyasasi arasinda nedensel bir iliskinin
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bulunmamas1 yatirimeilar1 politika faiz oram ve doviz kurunu takip etmeye yonlendirebilir.
Nitekim politika faizinden borsaya, borsadan da doviz kuruna tek yonlii nedensellik iligkisi
tespit edilmistir. Yatirimcilar faiz ve doviz kurundaki degisime goére portfoylerini ve
pozisyonlarini degistirebilirler. Kisaca ifade etmek gerekirse portfdy cesitlendirme stratejileri
icin aralarinda nedensel iliski oldugu bulunan ve bulunmayan degiskenleri dikkate alarak
stratejik portfoy kararlari verilebilir. Politika yapicilar genel ekonomi hakkinda kararlar alirken
bu iliskilerden faydalanabilirler. Bir piyasada bir gosterge i¢in alinan bir kararin diger piyasalar
tizerinde etkisi oldugu diisiiniiliirse bu ¢aligmadan elde edilen bilgiler fayda saglayabilir.

Calisma Tirkiye icin degiskenler, donem ve yontem kisitlarina sahiptir. Buradan
hareketle gelecekteki calismalar igin farkli degiskenler, farkli frekanslara sahip veriler, farkli
tilke/tilke gruplarn ve giincel yontemlerle yeni ¢aligmalar yapilabilir. Tiirkiye ekonomisinin
ilgili donemde genel seyrine bakildiginda yapisal kirtlmalarin dahil edildigi yontemler ve ortak
faktor modellemeleri gibi ekonometrik yontemlerin kullanmilmasinin fayda saglayabilecegi
diisiintilmektedir.

Arastirma ve Yayin Etigi Beyani
Etik kurul izni ve/veya yasal/6zel izin alinmasina gerek olmayan bu ¢alismada arastirma ve yayin etigine
uyulmustur.

Arastirmacilarin Katki Oram1 Beyani
Yazar, makalenin tamamina yalniz kendisinin katki saglamis oldugunu beyan eder.

Arastirmacilarin Cikar Catismas1 Beyam
Bu c¢alismada herhangi bir potansiyel ¢ikar ¢atigmasi bulunmamaktadir.
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THE RELATIONSHIPS BETWEEN THE TURKISH STOCK MARKET AND
MACROECONOMIC VARIABLES

EXTENDED SUMMARY

Aim of the study

Considering the effects of a new global crisis triggered by the negativities experienced as
a result of the pause in economic activities in the period after the 2008 global economic crisis
and the 2020 Covid-19 pandemic, and in line with the CBRT's inflation targeting policy, it is
very important to understand the relationships between stock markets and macroeconomic
indicators for the Turkish economy. It is important for those who have savings to use their
savings and contribute them to the economy for the continuation of economic activities.
Inflation, key interest rates, and exchange rates are basic indicators of the general economic
situation of countries that are closely followed by investors. The interrelationship between these
variables must be carefully monitored in order to evaluate short and long-term investments and
diversify portfolios. In this regard, the aim of this study is to examine the relationships between
stock markets and macroeconomic indicators in Turkey. For this purpose, the BIST100 index,
consumer price index (TUFE), policy interest rate, and exchange rate (dollar/TL) variables have
been discussed in the study at a monthly frequency for the period January 2000 - October 2023.

The Literature

There is an extensive literature on the relationship between stock markets and
macroeconomic variables. The literature has used the stock market index and inflation, interest
rate, exchange rate, industrial production index, bond yields, capacity utilization, GDP, and
many other variables to understand this relationship. There are studies in the literature that
report a relationship between variables using different time periods and methods. However,
there are also studies that find no relationship between the relevant variables. Given that the
political, economic, and cultural structure of each country is different, it is likely that there is no
common view.

Methodology

The study examines the relationships between variables using the time series methods of
Toda - Yamamoto (TY) and Fourier Toda - Yamamoto (FTY) causality tests. The TY causality
test is a flexible method that allows causality tests to be carried out taking into account the unit
root and/or cointegration properties of the series (Toda and Yamamoto, 1995). FTY causality
test, on the other hand, allows analysis by extending the Toda - Yamamoto approach with the
Fourier series, which allows structural breaks to be considered in Granger causality analysis
(Nazlioglu et al., 2016).
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Results

As a result of both TY and FTY causality analyses for the period January 2000 - October
2023 in Turkey, it was found that there is a uni-directional causality from the policy interest rate
to the stock markets (BIST100) as well as a uni-directional causality from BIST100 to the
exchange rate (dollar/TL). A bi-directional causality was found between the consumer price
index (TUFE) and the dollar/TL. No causality was found between the policy interest rate and
the dollar/TL exchange rate, TUFE and BIST100. Based on these findings, a change in the
policy rate affects the BIST100, while a change in the BIST100 affects the Dollar/TL.

Conclusion

This research contributes to the Turkish literature by testing whether the findings
obtained from traditional causality analysis are applicable when structural breaks are taken into
account and by conducting a resilience analysis in this way. An important contribution of the
study to the literature is that the results of the analysis are valid even when structural breaks are
taken into account. Given the findings of this study in the case of Turkey, forthcoming studies
can be conducted for the economies of different countries using methods that take into account
structural breaks and allow for the understanding of regular relationships. The lack of a causal
relationship between the CPI and the stock market may lead investors to follow the policy rate
and the exchange rate. In fact, a one-way causality has been established from the policy rate to
the stock market and from the stock market to the exchange rate. Investors can change their
portfolios and positions according to changes in interest rates and exchange rates. In short, they
can make strategic portfolio decisions by taking into account variables that may or may not have
a causal relationship between them for portfolio diversification strategies. Policymakers can
benefit from these relationships when making decisions about the economy as a whole. Given
that a decision on an indicator in one market has an impact on other markets, the information
from this study can be useful.
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HALKA ARZ SONRASI FAALIYET PERFORMANSI: BORSA
ISTANBUL HALKA ARZLARINDAN YENI KANITLAR"

The Post-Initial Public Offering (IPO) Operating Performance: Further Evidence
from Borsa Istanbul IPOs

Cengiz ONDER™” & Ali Osman GURBUZ"™

Oz
Bu ¢alisma, 2005-2019 yillarinda halka agilan segilmis 83 Borsa Istanbul
firmasinin halka arz sonrasi faaliyet performansini incelemektedir. Calisma

Anahtar Kelimeler: ayrica, halka arz aracilik tiirline gore ve halka arz yontemine gore sirketlerin
Halka AI’Z, halka arz sonrasi faaliyet performanslarini karsilastirmaktadir. Bunlarin yani
Borsa Istanbul, sira caligma, faaliyet performansini etkileyen sirkete Ozgii faktorler ve
Sermaye Yapist makroekonomik faktorleri de analiz etmektedir. Tek degiskenli analizlerde
Finansal Tablolar Mann Whitney U Testi ve Wilcoxon Isaretli Siralar Testi uygulanmustir. Cok

degiskenli analizde panel veri ekonometrik modeli kullanilmigtir. Calisma
JEL Kodlarz: sonucunda halka arz sirketlerinin performanslarinda diisiis tespit edilmistir. En
G30, G32, G34 iyi gayret araciligi ve bakiyeyi yiiklenim aracilifiyla halka agilan sirketlerin

performanslar1 arasinda anlamli farklilik yoktur. Ortak satisiyla halka agilan
sirketlerin performansi sermaye artig1 yaparak halka acilan sirketlere gore daha
iyidir. Ayrica, sirkete 6zgii degiskenlerden aktif biiyiikliik ile makroekonomik
degiskenlerden tiiketici fiyat endeksi faaliyet performansini anlamli sekilde
etkilemektedir. Caligmanin, halka arz yontemine ve aracilik tiiriine gore
faaliyet performansinin karsilagtirilmasi ile makroekonomik faktorlerin
etkisinin arastirtlmasi konusunda literatiire katki saglamasi beklenmektedir.

Abstract
This study aims to examine the post-1PO operating performance of 83 selected
Borsa Istanbul firms that went public between 2005 and 2019. The study also
compares the post-IPO operating performance of firms according to

Keywords: underwriting type and IPO method. Besides, the study analyzes firm-specific
Public Offering, factors and macroeconomic factors affecting the operating performance of IPO
Borsa Istanbul, firms. Mann Whitney U Test and Wilcoxon Signed Rank Test were applied in
Capital Structure, univariate analysis. In multivariate analysis, a panel data econometric model
Financial Tables was used. This study found that firms’ operating performance declined after

going public. There is no significant difference in operating performance
JEL Codes: between the commitment type of IPOs and the best effort type of IPOs. Share
G30, G32, G34 sales type of IPOs perform better than capital increase type of IPOs. Asset size

as a firm-specific variable and consumer price index as a macroeconomic
variable significantly affect operating performance. The study aims to enrich
the literature by comparing the operating performance of firms based on the
IPO method and the underwriting type, and by examining the influence of
macroeconomic factors on performance.
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1. Giris

Halka arzlar, firmalarin sermaye piyasalarina erisimini saglayarak finansal kaynaklarini
genisletmelerine olanak tanir. Halka arz, firmalarin hisse senetlerini ilk kez halka sunarak genel
yatirimel kitlesine agilmasini ifade eder. Firmalar, genellikle biiylime ve genisleme planlari igin
gerekli olan sermayeyi toplamak, bor¢lar1 azaltmak ve firma degerini artirmak amaciyla halka arz
yolunu tercih ederler. Ayrica, halka arz, firmanin tanmirligini ve prestijini artirarak, isletmenin
pazardaki konumunu giiclendirir. Halka ac¢ik bir firma olmanin getirdigi seffaflik ve kurumsal
yonetim standartlari, yatirimei glivenini artirir ve firmanin uzun vadeli basarisina katkida bulunur.

Bu caligmanin amaci, Tirkiye’de 2005-2019 yillarinda halka agilan segili 83 firmanin
halka arz sonrasi faaliyet performansindaki degisimi aragtirmaktir. Faaliyet performansindaki
degisim muhasebe temelli karlilik rasyolar1 iizerinden incelenmistir. Calismada, onceki
calismalardan farkli olarak halka arzlar niteliklerine gore siniflandirilmig; firmalarin faaliyet
performansinin halka arza aracilik tiiriine gore ve halka arz yontemine gore farklilik gosterip
gostermedigi incelenmistir. Calismada ayrica, firmaya 6zgii degiskenler ile birlikte kredi piyasasi,
fiyatlar genel diizeyi ve ekonomik biiyiimeyle ilgili makroekonomik degiskenlerin halka arz
oncesinde ve sonrasinda faaliyet performansi iizerindeki etkisi incelenmistir.

Calismanin, halka arz firmalariin faaliyet performanslarini halka arz yontemine gore ve
aracilik tiirline gore karsilastirmasi agisindan literatiire katki saglamasi beklenmektedir. Ayrica,
makroekonomik degiskenlerin faaliyet performansi iizerindeki etkisinin arastirilmasi da calismay1
literatiirdeki benzer ¢alismalardan farkli kilmaktadir.

Caligmanin ikinci boliimiinde halka arz kavraminin kavramsal ve kuramsal gergevesi
aciklanmistir. Halka arz sonrasi faaliyet performansini inceleyen uluslararasi ve ulusal literatiir
ile aragtirmanin hipotezleri {i¢iincii boliimde sunulmustur. Aragtirmanin yontemi, kullanilan veri,
model se¢imi ve degisken tanimlar1 dordiincti béliimde yer almaktadir. Calismanin tek degiskenli
ve cok degiskenli analiz bulgularina besinci boliimde yer verilmistir. Sonug¢ boliimiinde ise
arastirmanin bulgulart degerlendirilmis, politika onerileri ve ilerideki arastirmalar i¢in Onerilere
yer verilmistir.

2. Kavramsal ve Kuramsal Cergeve

Paylarin ilk halka arz1 sirketlerin sermaye yapisini etkileyen énemli bir stratejik karardir.
Sirketler, paylarini halka satmak igin farkli yollar secebilirler. Bu yollar, sirketin durumuna ve
isteklerine gore degisir. Sirket ortaklart mevcut paylarinin bir boliimiinii halka satabilir. Ortak
satis1 olarak adlandirilan bu yontemde sirkete herhangi bir nakit girisi olmamakta, sadece ortaklik
yapisi degismektedir. Sirketler, ayrica sermayelerini artirabilirler. Bu durumda, mevcut ortaklarin
rliichan hakki kisitlanarak yaratilan yeni paylar halka satilir. Sermaye artirimi yonteminde ortaklik
yapisi degisirken ayni zamanda sirkete yeni sermaye girisi de saglanmis olur. Bu iki yontemin bir
arada yapildig1 karma yontemde ise sirket sermaye artirimi yoluyla yeni paylarini halka satarken
mevcut ortaklar da kendi paylarim halka satmaktadir (Borsa Istanbul, 2023). Sermaye artirimi
yapan sirketlerin karlilik ve bilylime performansinin uyumlu olup olmadigina bakilarak elde
ettikleri nakdi etkin kullanip kullanmadiklari degerlendirilebilir. Diger yandan ortak satisi
yontemiyle halka acilan firmalarim, nakit girisi olmamasma ragmen halka arzdan sonraki
performansinin yoniine bakilarak bu sirketlerin yonetim stratejileri hakkinda degerlendirme
yapilabilir.
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Sirketler paylarin1 halka arz ederken araci kuruluslarla bir aracilik sézlesmesi imzalar.
Halka arzda araci kuruluslar, ihrager sirket ile aralarinda imzaladiklar1 sézlesmeye gore iki farkl
yontemle aracilik edebilirler. Bunlar en iyi gayret ve bakiyeyi yiiklenim araciligidir. En iyi gayret
araciliginda, araci kurulus, paylarin satigini iistlenmez, sadece satisa aracilik eder. Aract kurulus,
paylarin tamamin1 veya bir kismin1 satmak icin elinden geleni yapar, ancak satamadig1 paylari
ihrager sirkete iade eder veya satin alma taahhiidiinde bulunmus kisi veya kurumlara satar. Bu
yontemde araci kurulusun riski yoktur, sadece aracilik komisyonu alir. Bakiyeyi yiiklenim
aracilig1 yonteminde ise, araci kurulus, paylarin tamamim veya bir kismim satin almay1 ve satig
stiresi sonunda kalan paylar1 kendisi {istlenmeyi taahhiit eder. Bu yontemde araci kurulusun riski
vardir, ¢iinkii satamadig1 paylar1 kendisi almak zorundadir. Bu yontemde araci kurulus, aracilik
komisyonunun yant sira, paylarin nominal degerinin {izerindeki primden de pay alir (Cakar, 2018).
Bu iki yontemin temel ayrimi aract kurulusun paylarin satisindan sorumlu olup olmadigidir.
Sorumluluk risk almay1 da beraberinde getirdigi igin araci kurulus aracilik tiiriinii belirlerken
ihraggr sirketin finansal performansinin daha diisiik olmas1 durumunda en az riskli aracilik seklini
tercih edebilmektedir. Bu durumda aracilik tiirtine bakilarak sirketin faaliyet performansi
degerlendirilebilir.

Halka arz sonrasi faaliyet performansinin kuramsal g¢ercevesine yonelik; halka arzin
sirketlerin biiyiimesi, verimliligi, karlilig1 ve rekabet giicii iizerindeki etkisini agiklayan cesitli
teoriler ve hipotezler 6ne siiriilmiistiir. Bu teoriler ve hipotezler, halka arzin sirketlerin finansal
kararlarini, kurumsal yonetimini, kazan¢ yonetimini ve piyasa zamanlamasini nasil etkiledigini
aciklamaya galismaktadir. Myers ve Majluf’un (1984) gelistirdigi Finansman Hiyerarsisi Teorisi,
firmalarin finansman gereksinimlerini karsilamak i¢in 6ncelikle i¢ kaynaklara, sonra borglanmaya
ve son olarak hisse senedi ihracina bagvurduklarini 6ne siirer. Bu teoriye gore, halka arz,
sirketlerin i¢ kaynaklarinin ve borglanma kapasitelerinin tilkendigini gosterir. Dolayisiyla, halka
arz sonrasi sirketlerin finansal esnekligi azalir ve bor¢ verenler tarafindan daha yiiksek faiz
oranlari talep edilir. Bu da isletmelerin igletme performansini olumsuz etkiler.

Sirketlerde hissedarlar ile yoneticiler arasinda ¢ikan ¢ikar ¢atigmalarini inceleyen Vekalet
Teorisine gore halka arz, yoneticilerin hissedarlarin ¢gikarlarini1 gézetmek yerine kendi ¢ikarlarini
artirmaya c¢aligmalarina neden olabilir. Sirket yoneticileri halka arzdan elde ettikleri fonlart
verimli projelere yatirmak yerine, kendilerine yiiksek maas, bonus veya hisse opsiyonu gibi
menfaatler saglayabilirler. Bu durum sirketlerin faaliyet performanslarinin diigmesine neden
olabilir (Jensen ve Meckling, 1976).

Sirketlerin halka arz sonrasi faaliyet performansindaki diisiisii agiklamaya c¢aligan bir diger
yaklasim ise Kazang Yonetimi Hipotezidir. Bu hipotez, sirketlerin halka arz 6ncesi muhasebe
yontemlerini degistirerek finansal tablolarini giizellestirdiklerini ileri siirer. Bu sekilde sirketler
halka arzda daha yiiksek bir gelir elde etmeyi ve yatirimcilar: cezbetmeyi amaglarlar. Ancak,
halka arz sonrasinda sirketlerin bu kazang yonetimi faaliyetini siirdiirmesi zorlasir ve gergek
performanslart ortaya ¢ikar. Bu durum sirketlerin faaliyet performanslarinda diisiise yol agar
(Teoh vd., 1998).

Loughran ve Ritter (1995) tarafindan gelistirilen Piyasa Zamanlamasi1 Hipotezi ise
sirketlerin halka arz zamanlamasini piyasa zamanlamasina gore ayarladiklarini savunur. Bu
hipoteze gore, sirketler piyasanin yiikseldigi ve yatirimcilarin iyimser oldugu dénemlerde halka
arz yaparak daha ytiksek bir degerleme elde ederler. Ancak, piyasa kosullar degistikce sirketlerin
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performanslari piyasa beklentilerini karsilayamaz hale gelir ve bu duruma bagli olarak sirketlerin
faaliyet performanslarinda bir gerileme meydana gelir.

3. Literatiir

Halka arz sirketlerinin performansini inceleyen calismalar finansal (fiyat) performans ve
faaliyet performansi olmak flizere iki konuya odaklanmaktadir. Fiyat performansina yonelik
aragtirmalar sirketlerin pay senetlerinde kisa, orta ve uzun vadede olusan anormal getiriyi
incelemektedir. Faaliyet performansina iligkin ¢aligmalar ise halka arz firmalarinin halka agilma
sonrast karlilik basta olmak iizere finansal rasyolarinda halka arz oncesine gore degisimi tek
degiskenli analizlerle incelemektedir. Bu arastirmalarin bir kismi ¢ok degiskenli analiz
teknikleriyle faaliyet performansini etkileyen faktorleri ayrica incelemektedir. Tiirkiye’deki halka
arzlara yonelik yapilan arastirmalar incelendiginde fiyat performansina iligskin ¢aligmalarin daha
fazla oldugu goriilmektedir. Faaliyet performansini inceleyen caligmalar yaygin olarak tek
degiskenli analiz yontemleri kullanirken nadir sayidaki caligmalar da ¢ok degiskenli analiz
tekniklerini kullanmistir.

Firmalarin halka arz sonrasi faaliyet performansinin arastiran Jain ve Kini (1994) ile
Mikkelson vd. (1997) tarafindan yapilan oncii ¢alismalar sonraki donemlerde yapilan ¢aligmalara
da yol géstermistir. ABD borsalari igin yapilan bu ¢alismalarda, Jain ve Kini (1994), halka arzdan
sonraki performans degiskenlerini sektére gore diizeltilmis temsili degerlerle karsilagtirirken,
Mikkelson vd. (1997) performans degiskenlerini halka arz ncesi degerlerle karsilastirmistir. Jain
ve Kini (1994), halka arzdan sonra faaliyet performansini etkileyen faktorler olarak halka arzdaki
diisiik fiyatlandirma ve ortaklarin sahiplik payim ele alirken, Mikkelson vd. (1997) ortaklik
yapisindaki degisimlerin performans iizerinde bir etkisi olmadigini, bunun yerine sirketlerin yas,
biiyilikliigli ve hisselerinin ikincil satislarinin performanst agikladigini bulmustur. Jain ve Kini
(1994), halka arz sonrasi performansin endiistriye gore ayarlanmadan 6nce ve sonra diistiigiinii
gosterirken, Mikkelson vd. (1997) halka arz sonrasi performansin halka arz 6ncesine gore ilk bes
yilda diistiigiinii, ancak sonraki bes yilda toparlandigini gostermistir.

Literatiirde firmalarin halka arz sonrasi faaliyet performansini farkli konu basliklar1 altinda
arastiran uluslararasi ¢alismalara asagida yer verilmigtir.

Halka arz literatiiriiniin yonetici sahipligi ile firma performansi arasindaki iliskiye
yaklasimi bu konu ile ilgili yapilan 6nceki ¢aligmalara gore farklilik géstermektedir. Daha onceki
yapilan c¢aligmalar sahipligin performanstaki degisim {izerindeki etkisi yerine performans
seviyesindeki etkisini aragtirmiglardir (McConnell ve Servaes, 1990; Short ve Keasey, 1999).
Onceki galigmalar sahiplik ile performans seviyesi arasinda yatay kesit bir iliski oldugunu
varsaymaktadir. Ancak halka arz literatiirii, eger sahiplik ile performans seviyesi arasinda yatay
kesit bir iligki varsa benzer sekilde sahiplik ile performans degisimi arasinda da bir korelasyon
olabilecegini varsaymaktadir. Halka arz literatiirii sahiplik ile performans degisimi arasinda
dogrusal bir iligki oldugunu varsayarken onceki caligmalar sahiplik ile performans seviyesi
arasindaki iliskinin dogrusal olmadig1 yoniinde modeller kurmaktadir. Bu duruma dikkat ¢ceken
Kim vd. (2004), 1987-1993 yillar1 aras1 halka arz edilen 133 Tayland firmasini inceleyerek halka
acilan firmalarin faaliyet performanslarindaki degisim ile firma sahipligi arasinda dogrusal bir
iligki olup olmadigini arastirmustir. Calisma sonucunda, yonetici sahipligi disiik ve yiiksek
diizeyde olan firmalarin sahipligi ile performansi arasinda pozitif bir iliski oldugu, orta diizeyde
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sahiplige sahip firmalarin ise negatif bir iliski sergiledigi bulunmustur. Tayland gibi gelismekte
olan bir piyasadaki halka arzlara odaklanan ¢aligsma firmalarin halka arz olduktan sonra faaliyet
performanslarmin distiiglini bulmustur. Bu diisiis, ABD firmalar1 iizerine yapilan Onceki
calismalara gore daha biiyiiktiir, bu durum da gelismekte olan piyasalarin asimetrik ortaminin
temsil maliyetlerini artirdigini gostermektedir. Wang (2005), 1994-1999 yillarinda Cin’de yapilan
halka arzlar1 incelemis, Kim vd. (2004) ile benzer sonuglar1 bulmustur. Arastirmaya gore, yiiksek
ve diisiik seviyede tiizel kisi sahipligi olan firmalarin sahiplik yapisi faaliyet performansi ile
pozitif bir iliskiye sahipken, orta seviyede tiizel kisi sahipligi olan firmalarin sahiplik yapisi ile
faaliyet performansi negatif bir iligki sergilemektedir.

Halka arz sonrasi faaliyet performansini inceleyen literatiirde girisim sermayesi ile 6zel
sermaye pay sahipliginin ve ayrica ortaklikla ilgili kurumsal yonetisim uygulamalariin
sirketlerin faaliyet performansi iizerindeki etkisi de yaygin sekilde arastirilan bir konudur.
Coakley vd. (2007), Chen ve Liang (2016) ve Michala (2019) yaptiklar1 ¢alismalarda 6zel
sermaye destekli halka arz sirketlerinin faaliyet performanslarinin halka arz sonrasi diistiigiinii
bulmuslardir. Benzer sekilde, Falconieri vd. (2019) girisim sermayesi sendikasyonlarinin boyutu
ve cesitliliginin portfoylerindeki sirketlerin halka arz performansi tizerinde 6nemli bir etkisi
oldugunu, girisim sermayesi sirketlerinin ¢esitliligi ve biiyilikliigii ile halka arz firmalarinin uzun
vadeli faaliyet performanslari arasinda negatif bir iligki oldugunu bulmustur. Diger yandan
Michel vd. (2020), halka arzdan sonraki faaliyet performansi ile kurumsal yatirimer sahipligi
arasinda pozitif bir iliskisi oldugu ancak, bu iligskinin halka arz sonrasi {igiincii yi1lda zayifladigi
bulmustur. Gogineni ve Upadhyay (2023), yabanci girisim sermayesi ve Ozel sermaye
sirketlerinin portfoylerindeki sirketlerle halka arz sonrasinda da iliskilerini siirdiirdiigii, yonetim
kurullarina yoneticiler atadigi ve bu yoneticilerin bagimsiz ve kadin direktor oldugu durumlarda
sirketlerin karlilik ve faaliyet performansinin daha iyi oldugu sonucuna ulagmistir. Chemmanur
vd. (2021) ise girisim sermayesi destekli firmalarin halka arz sirasinda iist yonetim kadrosu
kalitesinin girisim sermayesi destegi olmayan firmalara kiyasla daha yiiksek oldugunu bulmustur.
Ayrica list yonetim kadrosunun kalitesi ve girisim sermayesi destegi halka arz sonrasi faaliyet
performansinda ve halka arz degerlemelerinde daha yiiksek biiyiimeye yol agmaktadir.

Literatlirde halka arz gelirlerinin kullanimi ve faaliyet performansi iligkisini de arastiran
caligmalar (Celikyurt vd., 2010; Fan, 2019) bulunmaktadir. Jain vd. (2013), rekabetc¢i endiistri
ortamlarinda fazla nakit rezervlerinin halka arz sonrasi faaliyet performansinm artirdigini tespit
etmistir. Amor ve Kooli (2017), halka arzdan elde edilen gelirlerin kullanim amacinin girketin
uzun donem performans: iizerinde belirgin bir etkiye sahip oldugunu ileri siirmektedir.
Bonaventura vd. (2018), halka arz sonrasi satin alma yapan sirketlerin satin alma yapmayan
sirketlere gore uzun vadede daha iyi faaliyet performansi sergiledigine isaret etmektedir. Long
vd. (2021) ise halka arz sonrasinda halka arz parasini faaliyet gelistirme yerine 6zkaynak
yatirimlarina yonelten sirketlerin faaliyet performansinda diisiis olduguna vurgu yapmaktadir.

Yukaridaki konu basliklarinin yani sira, aile sirketleri (Lobato vd., 2020; Croci vd., 2022);
kurumsal kiiltiir ve sirket politikalar1 (Prisilla ve Bimo, 2022; Lefebvre, 2023); iilkeler arasi
karsilastirma (Pereira ve Sousa, 2017; Krishnan ve He, 2021) ve halka arz zamanlamasi (Premti
ve Madura, 2013; Ali, 2017) gibi konular da halka arz sonras1 faaliyet performansi literatiiriinde
incelenmistir.

Tiirkiye’de halka arz sonras1 faaliyet performansini arastiran ¢aligmalarin sonuglar1 genel
olarak halka arzdan sonra sirketlerin faaliyet performanslarinin distigiinii gostermektedir
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(Kurtaran ve Er, 2008; Kiiciikkgayli, 2013; Arik ve Mutlu, 2015; Avci, 2021). Faaliyet
performansindaki degisimin yani sira faaliyet performansina etki eden faktorleri de arastiran
ulusal ¢aligmalara asagida yer verilmistir.

Kurtaran ve Er (2008), 175 Borsa Istanbul firmasinin halka arz sonrasi performansini alt1
farkl1 6l¢iiyle degerlendirmistir. Ayrica, yonetici sahipligi ile performans ve diisiik fiyatlandirma
arasindaki iliskileri de analiz etmislerdir. Caligmanin bulgulari, halka arzdan sonra firmalarin
faaliyet performansinda genel bir diisiis oldugunu, ancak yonetici sahipligi orani yiiksek olan
firmalarin daha iyi performans sergiledigini gostermektedir. Caligma, gelismis ve gelismekte olan
piyasalar arasinda da bir karsilastirma yapmis ve gelismekte olan piyasalarda performans
diisiisiiniin daha belirgin oldugunu ortaya koymustur.

Gilcemal (2016), entelektiiel sermayenin bilesenlerinin ve etkisinin halka agik firmalarin
performansi iizerindeki roliinii dinamik panel veri analizi ile test etmistir. Calisma, 2000-2013
yillarinda Borsa istanbul’da bulunan sirketlerin verilerini kullanmistir. Calismada, entelektiiel
sermayenin, insan sermayesinin, yapisal sermayenin ve kullanilan sermayenin etkinlik katsayilari
hesaplanmistir. Calismanin bagimli degiskenleri ise, aktif devir hizi, vergi 6ncesi karlilik oranlari,
piyasa degerinin defter degerine oran1 ve yatirilan sermayenin sagladigi getiri olarak
belirlenmistir. Calismanin bagimsiz degiskenleri ise, entelektiiel sermaye katsayilari, kaldirag
orani, halka acgiklik orani, firma biiyiikliigii, firma yasi, halka arz satis yontemi ve bagiml
degiskenlerin gecikmeli degerleri olarak tanimlanmistir. Calismanin sonucunda, entelektiiel
sermayenin firmalarin finansal ve piyasa performansinmi pozitif yonde etkiledigi ve entelektiiel
sermayeye yapilan yatirimlarin gelecekteki performansi artirdigi tespit edilmistir. Caligsma,
entelektiiel sermayenin firmalarin deger yaratma siirecinde 6nemli bir rol oynadigini ve dncii bir
gosterge oldugunu vurgulamstir.

Giileg vd. (2016), halka arz firmalarinda kazang yonetiminin varligi ve boyutu iizerine bir
arastirma yapmustir. Calismada, 2011-2015 yillarinda halka agilan 30 firmay: iste§e bagh
tahakkuk esasi ile degerlendirmislerdir. Calismanin bulgulari, halka arz firmalarinin istege bagh
tahakkuklarini halka arz yilinda en yiiksek seviyeye ¢ikardigini ve bu sekilde hisse fiyatlarini ve
Karlilig1 olumlu yonde etkiledigini gdstermektedir. Canikli (2017), Borsa Istanbul’da 2004-2013
yillar1 arasinda halka agilan 79 firmanin kazang yonetimi davraniglarini tahakkuk bazli ve faaliyet
bazli iki yontemle incelemistir. Caligma, firmalarin halka arz oncesi ve sonrasi donemlerde
kazanglarint manipiile ettiklerini ve bunun hisse senetlerinin degerini etkiledigini ortaya
koymustur.

Ozen (2016), Borsa Istanbul sirketlerinin halka arz sonrasi planlarini ve stratejilerini
gerceklestirme durumlarimin, kérhliklarint ve hisse senedi fiyatlarimi nasil etkiledigini
arastirmigtir. Calismanin bulgulari, halka arz sonrasi planlarimi ve stratejilerini basariyla
uygulayan sirketlerin karliliklarini1 koruduklarini ve hisse senedi fiyatlarinin arttigini gostermistir.
Calisma ayrica, planlarini ve stratejilerini yerine getiremeyen sirketlerin karliliklarinin azaldigini
ve hisse senedi fiyatlarmin distiigiint, bu durumun da yatirnmeilara zarar verdigini ortaya
koymustur.

Mhagama ve Topak (2019), Borsa Istanbul’da 2003-2011 yillarinda halka agilan 38
firmanin finansal verilerini analiz ederek halka arzin firmalarin faaliyet performansi tizerindeki
etkisini incelemistir. Performans 0Ol¢iisii olarak aktif karlilik, 6zkaynak karliligi ve faaliyet kar
marjinin kullamldig1 calismada tek degiskenli ve ¢ok degiskenli analiz teknikleriyle faaliyet
performansindaki degisim ve performansi etkileyen faktorler analiz edilmistir. Caligmanin
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bulgulari, firma performansinin halka arz yilinda ve sonraki yil boyunca halka arzdan bir yil
Oncesine gore diistiigiinii gostermektedir. Bunun yani sira, firmalarin ilgili ddnemde maddi duran
varliklara yatirim yapmasi ve ayrica firmalarin aktiflerinin finanse etmek i¢in borglanmaya
odaklanmasinin karliliklari azalttigi bulunmustur. Calisma ayrica, firmalarin isletme sermayesine
asir1 yatirim yapmalarinin donen varliklar araciligiyla kisa vadeli borglarin1 6deme kabiliyetini
artirdigina, bu durumun da karliligi azalttigina isaret etmektedir.

Bagc1 ve Sariay (2021), Borsa Istanbul Halka Arz Endeksinde yer alan firmalarin faaliyet
performansini halka arz orani ve halka acik piyasa degeri acisindan degerlendirmistir. Calisma,
farkl1 finansal gostergeleri performans kriteri olarak kullanarak, firmalarin 6nem derecelerini ve
siralamalarin1 Normalize Edilmis Maksimum Degerler ve MOORA yontemleri ile belirlemistir.
Calisma, halka arz oraninin ve halka agik piyasa degerinin firmalarin performansinm artirdigini ve
piyasa degerinden daha etkili oldugunu bulmustur. Calisma, faaliyet kari, yatirilan sermaye,
Tobin Q degeri ve 6zkaynak toplaminin da performansi ylikselten 6nemli degiskenler oldugunu,
net borcun ise performansa olumsuz etki yaptigini tespit etmistir. Calisma, halka arzin firmalarin
deger yaratma siirecinde kritik bir faktor oldugunu ve halka arz endeksinde yer alan firmalarin
performans analizinin 6nemli oldugunu vurgulamistir.

Kogdemir ve Kiiciikcolak (2021), Borsa Istanbul Gelisen Isletmeler Piyasasi’nda islem
goren 11 firmanin halka arz Oncesi ve sonrasi karlilik, likidite ve finansal yapi oranlarina
odaklanarak faaliyet performansini incelemistir. Caligmada, performans: incelenen firmalarin
halka arz sonrasi donemde genel olarak karlilik ve faaliyet oranlarinda belirgin bir iyilesme
olmadig1, ancak likidite ve finansal yap1 oranlarinda iyilesme oldugu bulunmustur. Arastirmada
incelenen sirketlerin genel olarak halka arz sonras1 donemde faaliyet performanslarinin iyilestigi
goriilmiigtiir.

Orneklemin ¢ok genis oldugu gelismis iilke borsalari, islem goren sirketlerin cesitli
niteliklerine gore (ortaklik yapisi, kurumsal yonetim uygulamalari, halka arz gelirlerinin
kullanimi, vb.) siniflandirilmasina olanak tanimaktadir. Buna bagli olarak bu borsalarla ilgili
yapilan ¢aligmalar, niteliklerine gore siniflandirilmig 6rneklem alt gruplarinin performanslarin
karsilastirarak literatiirii zenginlestirmektedir. Borsa Istanbul halka arzlarinda ise drneklemin
heniiz daha kiiciik olmasi nedeniyle gelismis llke borsalarindaki gibi bir alt 6rneklem
smiflandirmasi ancak siirli sayidaki konularda yapilabilmektedir. Halka arz aracilik tiirii ve
halka arz yontemi bu konular arasinda sayilabilir.

Literatiirde, makroekonomik faktérlerin halka arz faaliyet performansini arastiran
caligmalarda kullaniminin ¢ok siirh sayida oldugu goriilmektedir. Bu ¢aligmalardan Gao vd.
(2021) ile Long vd. (2021) gayrisafi yurti¢i hasilayi, Pereira ve Sousa (2017) da kredilerin
gayrisafi yurtici hasilaya oranim faaliyet performansimi etkileyen faktorler arasinda kullanmustir.

Bu ¢alismada analizler iki boliim halinde gergeklestirilmistir. Calismanin ilk bolimiinde,
Borsa Istanbul’da 2005-2019 yillarinda halka agilan firmalarin faaliyet performanslari; halka arz
oncesi 3 yil (HA-3), halka arz yil1 ve halka arz sonrasi1 3 yili (HA+3) kapsayan olay penceresinde,
literatiirde yaygin olarak kullanilan istatistiki teknikler kullanilarak incelenmistir. Bu dogrultuda
asagida ifade edilen Hi, H2 ve Hs hipotezleri tek degiskenli analiz yontemleriyle (Wilcoxon
Isaretli Siralar Testi ve Mann Whitney U Testi) test edilmistir.

Hi: Halka arz sirketlerinin faaliyet performansinda (aktif karlilik, 6zkaynak karliligi,
faaliyet kar marj1 ve net kar marj1) halka arz 6ncesine gore anlaml bir degisim vardir.
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Ha: Sirketlerin halka arz sonrasi faaliyet performansi halka arz aracilik tiiriine (en iyi gayret
araciligl, bakiyeyi yiiklenim aracilig1) gore farklilik gostermektedir.

Hs: Sirketlerin halka arzdan sonra faaliyet performansi halka arzda uygulanan yonteme
gore (ortak satis1, sermaye artirimi veya karma yontem) farklilik gostermektedir.

Calismanin ikinci béliimiinde ise halka arz firmalarinin faaliyet performanslarini etkileyen
faktorler cok degiskenli analiz teknigi (panel veri modeli) ile incelenmis ve asagida belirtilen Ha,
Hs, He, H7 ve Hg hipotezleri test edilmistir.

Hs: Halka arz sirketlerinin yasi, biiyiikliigli ve kaldirag oran1 gibi sirkete 6zgii degiskenler
halka arz faaliyet performansini etkiler.

Hs: Halka arz olayiin kendisi sirketlerin faaliyet performansini etkiler.

He: Kredi piyasasindaki biiylime, fiyatlar genel diizeyi ve sanayi iiretim endeksindeki
degisim gibi makroekonomik degiskenler halka arz sirketlerinin faaliyet performansini etkiler.

H-: Halka arz yontemi halka arz firmalarinin faaliyet performansim etkiler.
Hg: Halka arza aracilik tiirii halka arz firmalarinin faaliyet performansim etkiler.

Halka arz firmalarinin aracilik tiiriine ve halka arz yontemine gore faaliyet performansinin
karsilastirilmast ve performans analizinde birden fazla makroekonomik faktoriin etkisinin
arastirilmasi bu ¢aligsmaya 6zgiinliik kazandirmaktadir.

4. Metodoloji
4.1. Orneklem

Calismanin 6rneklemi 2005-2019 yillarinda Borsa Istanbul’da halka acilan sirketlerden
olugmaktadir. Tiirkiye’de 2005 yilindan itibaren uluslararasi standartlarla uyumlu Tiirkiye
Muhasebe Standartlar1 (TMS) uygulanmaya baslamistir. Tiirkiye, uluslararasi muhasebe
standartlarin1 uygulamaya baglamakla, finansal raporlarin seffafligini, karsilastirilabilirligini ve
giivenilirligini artirmayi, uluslararasi piyasalara entegrasyonu saglamayi ve kamu sektoriiniin
ekonomik degerini Olcebilecek ve gelistirebilecek kararlar alabilmesine katkida bulunmayi
amaglamaktadir (Baspinar, 2005). Arastirmada finansal tablolar arasinda yeknesakligin
saglanmasi amaciyla 6rneklem baslangici 2005 yili olarak alinmistir. Calismada halka arz 6ncesi
3 yil ve halka arz sonrasi 3 yila ait verilerin tam olarak saglanabilmesi amaciyla drneklemin
baslangig¢ y1l1 2005, bitis y1l1 ise 2019 olarak alinmistir. Buna gore ¢aligmanin veri seti firmalarin
2002-2022 finansal tablolar1 arasinda dagilmaktadir.

2005-2019 déneminde Borsa istanbul’da 152 sirket halka arz edilmistir. Sirketlerin halka
arzina iliskin bilgiler Sermaye Piyasast Kurulu’nun (SPK) internet sitesinden elde edilmistir.
Calismanin orneklemi olusturulurken literatiirdeki benzer c¢alismalardaki yontem izlenmis;
bankacilik, finansal kiralama, yatirim ortakliklari, gayrimenkul yatirim ortakliklari, sigorta
sirketleri ve yatirnm sirketleri 6rneklem disinda tutulmustur. Nihai 6rneklem 83 sirketten
olusmaktadir. Halka arz sirketlerinin arz oncesi finansal verileri halka arz izahnamelerinden temin
edilmistir. Kamuyu Aydinlatma Platformu (KAP) 2009 yilindan itibaren hizmet vermeye
basladigi i¢cin 2009 &ncesi bilgiler sirketlerin kendi internet sitelerinde yayinlanan raporlardan
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elde edilmistir. Bu sirketlerin halka arz ve sonrasi bilgiler ise KAP ve sirketlerin kendi internet
sitelerinden elde edilmistir.

Calismanin drnekleminde yer alan 83 sirketin 9’unun halka arz 6ncesi HA-3 yilina ait
finansal tablolarinin eksik olmasi nedeniyle bu sirketlerin HA-3 yilindaki performans dlciileri ve
sirkete 6zgii diger degiskenleri temin edilememistir. Istatistiki analizler 6rneklemdeki veri
eksikligini dikkate alarak yapilmistir. Diger yandan panel veri analizinde modeli dengeli hale
getirmek i¢in bu 9 sirket ¢ikarilarak panel veri 6rneklemi 74 sirkete distiriilmiistiir. Sonug olarak
halka arz edilen secilmis 74 sirketin, halka arzdan 6nceki 3 yil, arz yilinin kendisi ve halka arz
sonraki 3 kapsayan 7 yila ait verisi bir araya getirilerek toplami 518 gozlemden olusan bir veri
seti tizerinde panel veri analizi yapilmustir.

Panel veri modelinde kullanilan makroekonomik ve piyasaya iligkin veriler Bankacilik
Diizenleme Denetleme Kurumu, Tiirkiye Istatistik Kurumu, Tiirkiye Cumhuriyet Merkez Bankas:
ve Borsa Istanbul’un internet sitelerinden elde edilmistir.

4.2. Arastirma Modeli ve Degiskenler

Halka arz sonrasi faaliyet performansini inceleyen caligmalarda genel olarak sirketlerin
halka arz oncesi faaliyet performans 6l¢iilerinin halka arz sonrasi ne yonde degistigini arastiran
istatistiki analizler daha fazla yer tutmaktadir. Caligmalarda, 6rneklem grubunun 6zelligine goére
Wilcoxon Isaretli Siralar Testi ve Mann Whitney U Testinin kullanimi yaygindir. Yapilan
calismalarda olay penceresi halka arz yili (HA), halka arz 6ncesi 5 y1l (HA-5) ile halka arz sonrast
5 yili (HA+5) olacak sekilde en fazla 10 yili kapsamaktadir. Calismalarda ayrica, faaliyet
performansini etkileyen sirkete 6zgii faktorler (yas, ortaklik yapisi, biiylikliik vb.) ve diger
faktorler ise regresyon yontemiyle analiz edilmektedir.

Bu calismada, 2005-2019 yillarinda Borsa Istanbul’da halka agilan toplam 152 sirket
arasindan se¢ilmis 83 sirketin halka arz oncesi 3 y1l (HA-3) ve halka arz sonrasi 3 yili (HA+3)
kapsayan olay penceresinde faaliyet performansindaki degisim ve faaliyet performansina etki
eden faktorler analiz edilmistir.

HA-3 ile HA+3 donem araliginda halka arz sirketlerinin faaliyet performanslarindaki
degisimin yonti ve istatistiksel anlamlilig1 test edilirken halka arz literatiiriinde de sik¢a yer verilen
Wilcoxon lsaretli Siralar Testi kullanilmustir. Wilcoxon Testi parametrik olmayan istatistiki bir
testtir ve bagimli iki orneklemin arasinda medyan farkinin sifirdan farkliligini sinamak igin
kullanilir. Ho altinda iki 6l¢iim arasindaki fark medyanin sifir oldugu hipotezi test edilir.

Calismanin diger istatistiki analizinde ise, halka arza aracilik tiiriine gére gruplandirilan
sirketlerin faaliyet performansi karsilagtirmasi ve ayrica halka arz yontemine gore gruplandirilan
firmalarin faaliyet performans karsilagtirmasi literatiire uygun olarak Mann Whitney U Testi ile
analiz edilmistir. Mann Whitney U Testi parametrik olmayan istatistiki bir testtir ve bagimsiz iki
orneklemin aralarindaki farkliligi smamak igin kullanilir. Ho hipotezi ile iki popiilasyonun
dagilimlan arasinda fark olmadig: test edilir.

Normal dagilim kosulunun saglanmadig1 durumlarda parametrik olmayan testler kullanilsa
da halka arz faaliyet performansini inceleyen caligmalar parametrik olmayan testleri siklikla
kullanmaktadir. Bu ¢alismada kullanilan verilere yonelik yapilan tanimlayici istatistik analizinde
normallik kosulunun saglanmadigi gériilmistiir. Bunun yani sira alt 6rneklem grubunda bulunan
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ortak satis1 ile yapilan halka arz sayis1 12°dir ve bu saymin 30’un altinda kalmas1 nedeniyle
parametrik olmayan testlerin kullanilmas1 uygun goériilmiistiir.

Bu ¢alismada ayrica, halka arz sirketlerinin HA-3 ile HA+3 dénem araliginda faaliyet
performansina etki eden sirkete 6zgii faktorler ile makroekonomik faktorler ise panel veri
yontemiyle analiz edilmistir. Panel veri, zamana bagli degisimleri (zaman serisi verisi) ve birimler
arast farkliliklar1 (kesitsel veri) bir arada incelemeye olanak saglamaktadir. Calismada,
orneklemin hem zamansal hem de mekéansal boyutu icermesi nedeniyle panel veri yontemi
kullanilmigtir. Tablo 1°de sunulan muhasebe temelli performans 6Slgiileri sirketlerin finansal
tablolarindan tiiretilen ikincil veridir.

Tablo 1. Calismada Kullamilan Faaliyet Performans Olgiileri

Olcii Sembolii Tanimm Literatiir

Aktif karlilik AKKAR  Net kar/Toplam aktifler Michel vd. (2020), Croci vd. (2016)
Ozkaynak karlihgt OZKAR  Net kar/Ozkaynaklar Giilcemal (2016), Long vd. (2021)
Faaliyet kir marji FKM Faaliyet kari/Satiglar Mhagama ve Topak (2019), Aver (2021)
Net kar marji NETKM  Net kar/Satiglar Ali (2017), Long vd. (2021)

Calismanin panel veri ekonometrik modelinde kullanilacak degiskenler Tablo 2’de
sunulmustur. Sirketlerin faaliyet performansini etkileyebilecek makroekonomik ve piyasaya
iligkin degiskenler Panel A’da gosterilmistir. Genel kredi hacmi ve kredi maliyetleri kaldirag
tizerinden firmanin faaliyetlerini etkileyebilmektedir. Bu nedenle kredi degiskeni (KRGSYH) ve
kredi faiz oran1 (KRFO) degiskenleri dikkate alinmistir. Fiyatlar genel diizeyi ve doviz kuru gerek
maliyet gerekse satislar tizerinden sirket performansini etkileyecegi icin USDTL, tretici fiyat
endeksi (UFE) ve fiyatlar genel diizeyi (TUFE) degiskenleri ¢alismaya alinmigtir. Sirketlerin
faaliyet performansinin ekonomik biiyiimeden ve piyasa gelismelerinden nasil etkilendigini
analiz edebilmek i¢in ise SUREND, GSUREND, XU100 ve GXU100 degiskenleri veri setine
dahil edilmistir.

Tablo 2. Panel Veri Modelinde Kullanilacak Degiskenler ve A¢iklamalari
Panel A. Makroekonomik Degiskenler ve Piyasa Degiskenleri

Degisken Sembolii Tamm

Kredi degiskeni KRGSYH Bankacilik sektorii toplam kredileri/GSYH
Kredi faiz oram KRFO TCMB ticari kredi faiz oram

USD/TL kuru USDTL Dénem sonu ABD dolary/Tiirk lirasi kuru
Tiiketici fiyatlar TUFE Tiiketici fiyat endeksi degeri

Uretici fiyatlari UFE Uretici fiyat endeksi degeri

Biiylime degiskeni SUREND Sanayi iiretim endeksi degeri

Biiyiime degiskeni GSUREND Sanayi liretim endeksi degisimi

Piyasa degiskeni XU100 BIST100 endeksi degeri

Piyasa degiskeni GXU100 BIST100 endeks degisimi

Panel B. Sirkete Ozgii Degiskenler

Degisken Sembolii Tanm

Sirketin yas1 YAS Firmanin yas1

Biyiiklik LOGAKTIF Firmanin aktiflerinin logaritmasi
Kaldirag orani KALDO Toplam borg¢lar/Aktifler

Sirkete 0zgli degiskenler belirlenirken literatiirdeki calismalar dikkate alinmistir. Bazi
calismalar sirketlerin blylkliiglinii ifade etmek i¢in satislarin logaritmasini kullanirken, bazi
calismalarda ise aktiflerin logaritmik degeri sirket biiyiikliikk degiskeni olarak kullanilmistir. Bu
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calismada yapilan Onciil analizlerde, birim kdk ozelliklerini gdstermesi nedeniyle satislarin
logaritmik degeri biiyiiklik degiskeni olarak alinmamis, onun yerine aktif biyiklik
(LOGAKTIF) degiskeni kullanilmistir (Fan, 2019; Lobato, 2020). Tablo 1°de verilen performans
dlciileri tek degiskenli analiz olan Wilcoxon Isaretli Siralar Testinde ve Mann Whitney U Testinde
degisken olarak kullanilmistir. Bu performans olciilerinden segilen uygun 6Slgiliniin bagiml
degisken oldugu panel veri modelinde Tablo 2’deki bagimsiz degiskenlerden en uygun olanlar
secilerek ekonometrik analiz yapilmistir.

Cok sayidaki degiskeni daha az say1ya indirgemek i¢in faktor analizi yontemi kullanilmigtir
(Giiris ve Pala, 2016). Faktor analizi sonuglar1 Tablo 3’te sunulmustur. Stata paket programinda
yapilan faktor analizinde 0.5 ve iizerindeki faktor yiikleri ile faktorlerden birine diisen degiskenler
o faktore yerlesmistir. Degiskenlerin mutlak degeri iizerinden yorumlanan analiz sonuglarina
gore, bagiml degiskenlerde F1 faktor grubu olusmus ve FKM en yiiksek faktor yiikiinii almistir.
Bagimsiz degiskenlerde ise piyasa ile ilgili degiskenler F2’ye, kredi degiskenleri F3’e ve biiyiime
degiskenleri de F4’e diigmiistiir. Bagimsiz degiskenlerden TUFE F2’de, KRGSYH F3’te ve
GSUREND F4’te en yiiksek faktor yiikiinii almistir. Faktor analizi sonuglarina gore en yiiksek
faktor yiikiinii alan ve temsil giicli en yiiksek olan FKM bagimli degisken olarak kullanilmustir.
Ayni sekilde, 3 faktore ayrilan aciklayici degiskenlerde de en yiiksek faktor yiikiine sahip olan
TUFE, KRGSYH ve GSUREND temsil giicii en yiiksek oldugu i¢in bagimsiz degisken olarak
modelde kullanilmigtir. Bunun yani sira firmaya 6zgii degiskenler arasinda yer alan LOGAKTIF
ve KALDO degiskenleri faktor yiikleri 0.5’in altinda kalmasia ragmen, herhangi bir faktore
diismedikleri i¢cin modele dahil edilmistir.

Tablo 3. Faktor Analizi Sonuclari

Faktor Yiikleri Faktorler
Bagimh Degiskenler
FKM 0.819"
NETKM 0.760 F1
OZKAR 0.653
AKKAR 0.592
Bagimsiz Degiskenler
TUFE 0.992"
USDTL 0.971
UFE 0.952 F2
XU100 0.932
SUREND 0.875
KRGSYH -0.7117 F3
KRFO -0.658
GSUREND 0.681" =
GXU100 0.591
LOGAKTIF
KALDO <05

Cok degiskenli analizde kullanilacak panel veri modelinde secili degiskenlerin faaliyet
performansi iizerindeki etkisinin yam sira halka arz olaymin etkisi, halka arz aracilik tiiriiniin
etkisi ve halka arz yonteminin etkisi de incelenmistir. Bu amagla segilen agiklayici degiskenlere
ilave olarak halka arz kukla degiskeni (DIPO), halka arza aracilik tiirii kukla degiskeni (DARS)
ve halka arz yontemi kukla degiskeni (DHAY) modele dahil edilmistir. Kukla degiskenlerin
tanimlar1 Tablo 4’te yer almaktadir.
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Tablo 4. Kukla Degiskenler

Degisken Sembolii Tanimi

Halka arz degiskeni DIPO Halka arz yil1 ve sonraki yillar i¢in 1, 6nceki yillar i¢in O
Halka arz yontemi degiskeni DHAY Karma veya sermaye artis1 ise 1, ortak satis1 ise 0
Aracilik tiirii degigkeni DARS Bakiyeyi yiiklenim ise 1, en iyi gayret araciligi ise 0

Kukla degiskenlerin diger degiskenlerle etkilesimleri de dahil edildikten sonra ¢alismanin
panel veri modeli denklem 1°deki gibi kurulmustur.

FKMit = ait + B1TUFEit + B2LOGAKTIFit + B3KALDOit + B4KRGSYHit
+ B5GSURENDIt + B6YASit + B7DHAYit + BSKALDOHAY it
+ BIDARSit + B10KALDOARSit + 11DIPOit + B12TUFEDIPOit (1)
+ B13LOGAKTIFDIPOit + B14KRGSYHDIPOit
+ B15GSURENDDIPOit + f16KALDODIPOit

5. Bulgular

Calismanin tek degiskenli analizleri SPSS paket programinda uygulanan Wilcoxon Isaretli
Siralar Testi ve Mann Whitney U Testi ile yapilmustir. Panel veri ekonometrik analiz ise Stata
paket programi uygulamalari kullanilarak yapilmistir. Caligmanin bulgularina asagida yer
verilmistir.

5.1. Tek Degiskenli Analiz Sonuglar:

Halka arz sirketlerinin halka arzdan sonra AKKAR, OZKAR, FKM ve NETKM
oranlarindaki medyan degisimini inceleyen Wilcoxon Testine Tablo 5’te yer verilmistir.

Tablo 5. Halka Arz Sonrasi Faaliyet Performansi Degisimi (Tiim Halka Arzlar)
Panel A: -3’e Gire Medyan Degisimi

N Medyan-s [-3:0] [-3:+1] [-3:+2] [-3:+3]
AKKAR 74 0.033 0.001" 0.001 -0.005 0.001
OZKAR 74 0.091 -0.008 -0.015 -0.019 -0.015
FKM 72 0.061 0.024™ 0.007 -0.004 -0.014
NETKM 72 0.022 0.029™ 0.018 0.014 0.006
Panel B: -2°e Gore Medyan Degisimi

N Medyan-, [-2:0] [-2:+1] [-2:+2] [-2:+3]
AKKAR 83 0.046 -0.014 -0.015" -0.019™ -0.013"
OZKAR 83 0.172 -0.093™" -0.094™ -0.107™ -0.099™
FKM 83 0.082 0.006 -0.014 -0.024" -0.031™
NETKM 83 0.040 0.001 -0.001 -0.009 -0.013
Panel C: -1’e Gore Medyan Degisimi

N Medyan.; [-1:0] [-1:+1] [-1:+2] [-1:+3]
AKKAR 83 0.053 -0.021™" -0.023™ -0.026™" -0.020™"
OZKAR 83 0.172 -0.094™" -0.094™" -0.108™" -0.099™
FKM 83 0.096 -0.007™" -0.027™" -0.037™" -0.044™"
NETKM 83 0.058 -0.017 -0.019" -0.028™ -0.031"

*

Not: Wilcoxon Isaretli Siralar Testi sonuclart: ™, ™, ™ sirasiyla %1, %5 ve %10 diizeyinde anlamlilig:
ifade eder. -3, -2, -1 sirasiyla halk arz 6ncesi 3., 2. ve 1. yillari; 0 halka arz yilini; +1, +2, +3 sirasiyla
halka arzdan sonraki 1., 2. ve 3. yillar1 ifade eder. [ ] icindeki degerler iki dénem arasindaki
karsilastirmayi ifade eder.
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Tablo 5’teki medyan degisim analizi, halka arz sirketlerinin karlilik rasyolarinin medyan
degisimlerinin halka arzdan sonra HA-1 y1lina gére anlamli bir sekilde diistiiglinti géstermektedir.
Performans Slgiilerinden AKKAR ve OZKAR’ 1 seyri Sekil 1°de gosterilmistir.

20% 17.2%  17.2%
15% 7.8%

10% 1% o T3
’ a6% 3% — ‘
500 3.3% 4% ——32% 3% o7 33%

0%
HA3  HA2  HAL  HA  HA+L  HA+2  HA+3

e AKKAR e OZKAR

Sekil 1. Tiim Halka Arzlar AKKAR ve OZKAR Medyan Degerleri

Grafikte sirketlerin halka arz yilina kadar 6zkaynak karliligi ve aktif karhiliklarini
artirdiklar1 ve halka arzdan 6nceki yilda rasyolarin zirve yaptigi, halka arz yili ve sonraki 3 yilda
ise rasyolarin diistiigli goriilmektedir. Halka arz sirketlerinin FKM ve NETKM rasyolarinin seyri
ise Sekil 2°de gosterilmistir.

12%
9.6%
10% 8.2% : 8.9%

6% 4.1%
4.0%
2% 5 2% () 5 8% 3.9%
206 3.1%

0%

2.7%

HA-3 HA-2 HA-1 HA HA+1 HA+2 HA+3
e FKM e NETKM

Sekil 2. Tiim Halka Arzlar FKM ve NETKM Medyan Degerleri

Yukaridaki bulgular halka arz firmalarinin faaliyet performanslarinda halka arzdan bir
onceki yila gore diisiis yoniinde anlamli bir degisim oldugunu gostermektedir. Bu sonuca gore
aragtirmanin Hj hipotezi kabul edilmektedir.

Tablo 6, aracilik tiirtine gore halka arz sirketlerinin faaliyet performanslarini karsilastiran
Mann Whitney U Testi ile yapilan analiz sonuglart gosterilmektedir. Sonuglar, en iyi gayret
aracilifiyla ve bakiyeyi yiiklenim yoluyla halka agilan sirketlerin halka arzdan 6nce ve halka
arzdan sonra faaliyet performans oOlgiileri arasindaki farkliligin anlamli  olmadigini
gostermektedir. Bu dogrultuda arastirmanin Hz hipotezi reddedilmektedir.
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Tablo 6. Aracilik Tiiriine Gore Faaliyet Performansinin Karsilastirilmasi

Olcii HA-3  HA2  HA-1 HAO  HA+1 HA+2 HA+3
Medyansic  0.92%  3.39%  4.39%  2.34%  1.60%  2.69%  3.39%
AKKAR Medyansy 4.51%  591%  569%  3.80%  4.93%  299%  2.39%
P 0028 0068 0327 0658 0069 0767  0.658

Medyansie  2.28%  17.15%  14.16%  7.70%  6.37%  7.22%  9.72%

OZKAR Medyansy 11.93% 17.05% 18.33%  8.26%  10.46%  6.00%  6.32%
D 0089 0920 0993 0967 0228 0902 0371

Medyansie  0.85%  4.15%  500%  4.00%  2.80%  3.21%  6.06%
NETKM Medyansy 2.67%  3.91%  6.06%  4.84%  4.36%  261%  2.21%
D 0057 0665 0597 0848 0243 0884  0.753

Medyansic  4.59%  9.70%  10.04%  7.94%  6.88%  529%  7.17%

FKM Medyansy  6.49%  7.83%  9.33%  9.00%  6.80%  588%  4.73%
D 0162 0777 0.76 0913 0417 0401  0.324

Neic 34 39 39 39 39 39 39

Nay 40 44 44 44 44 44 44

Not: EIG En Iyi Gayret aracihigini, BY Bakiyeyi Yiiklenim araciligini ifade etmektedir. p degerleri Mann
Whitney U Testinin anlamlilik diizeyini géstermektedir.

Halka arz sirketlerinin halka arz yontemine gore faaliyet performanslarimin karsilastirildigi
Man Whitney U Testi sonuglar1 Tablo 7°de gosterilmistir. Tablo 7’deki sonuglara gore, ortak
satis ile halka arz edilen firmalarin karhlik rasyolar1 sermaye artis1 veya karma yontemle halka
acilan sirketlere gore halka arz Oncesinde ve sonrasinda daha iyidir. Bu farkliik AKKAR ve
OZKAR olgiilerinde neredeyse tiim donemler i¢in anlamlidir. Bu sonuglara gére, AKKAR ve
OZKAR performans 6lgiisii igin ¢alismanin Hs hipotezi kabul edilmektedir.

Tablo 7. Halka Arz Yontemine Gore Faaliyet Performansimin Karsilagtirilmasi

Olgii HA-3 HA-2 HA-1 HAO HA+1 HA+2 HA+3
Medyanos  4.56% 8.80% 8.95% 8.85% 8.25% 7.11% 6.60%
AKKAR Medyansa  2.69% 3.94% 4.23% 2.52% 2.23% 2.36% 2.76%
p 0.071 0.029 0.007 0.009 0.005 0.044 0.164

Medyanos  20.62%  28.68%  34.48% 30.94% 22.01% 24.60% 18.87%

OZKAR  Medyansa  7.43% 16.98% 13.31%  6.52% 5.73% 3.16% 5.23%
p 0.076 0.147 0.007 0.000 0.000 0.01 0.114

Medyanos  5.93% 10.77%  9.83% 5.13% 4.80% 3.71% 4.90%

NETKM  Medyansa  1.94% 3.95% 5.00% 3.67% 3.40% 2.63% 2.35%
p 0.062 0.058 0.027 0.097 0.13 0.249 0.345

Medyanos  7.37% 16.26% 10.33% 10.69% 11.80% 12.04%  6.80%

FKM Medyansa  5.67% 7.67% 9.04% 7.94% 6.78% 5.52% 5.17%
p 0.359 0.076 0.303 0.249 0.158 0.158 0.569

Nos 12 12 12 12 12 12 12

Nsa 62 71 71 71 71 71 71

Not: OS Ortak Satis yontemini; SA Sermaye Artis1 veya Karma yontemi ifade etmektedir. p degerleri
Mann Whitney U Testinin anlamlilik diizeyini gostermektedir.

5.2. Cok Degiskenli Analiz Sonuclari

Panel veri modeli g¢alistirlmadan 6nce gerekli Onciil testler yapilmistir. Yatay-kesit
bagimliligina yonelik yapilan Pesaran (2021) testinin sonuglari Tablo 8’de yer almaktadir.
Sonuglara gore, rassal etkili ve sabit etkili modeller i¢in yatay kesit bagimliligi olmadig
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yoniindeki yokluk hipotezi reddedilmektedir. Bu duruma gore, yatay-kesit bagimliligi oldugu i¢in
ikinci nesil panel birim kok testlerinden Pesaran CADF birim-kok testi uygulanmaistir.

Tablo 8. Yatay-Kesit Bagimlihg: Testi
Pesaran (2021) CD Testi

Rassal Etkili Modeli 13.371™" (0.0000)
Sabit Etkili Modeli 9.377" (0.0000)
Not: ™ %1 diizeyinde katsayilarin anlamlihigini gosterir.

Calismada kullanilan tiim degigskenlerinin diizey formlari sabitli olarak birim kok testine
tabi tutulmustur. Tablo 9, Pesaran CADF panel birim-kok testinin sonuglarini gostermektedir.
Buna gore “Ho: Birim-kok vardir” yokluk hipotezi reddedilmektedir. Degiskenler diizey formda
sabitlide duragandir.

Tablo 9. Pesaran CADF Panel Birim-Kok Testi

Degiskenler t-Istatistigi Katsay1 (p degeri)
Diizey

FKM -2.225 -3.415™ (0.000)
TUFE -3.198 -9.607™" (0.000)
KRGSYH -2.498 -5.149™" (0.000)
GSUREND -2.791 -7.013™ (0.000)
LOGAKTIF -2.237 -3.488™ (0.000)
KALDO -2.048 -2.279™ (0.011)

Not: ™, " sirasiyla %1 ve %5 diizeyinde katsayilarm anlamhiligim ifade eder.

Caligmada, bir bagimsiz degiskenin hata terimi ile korelasyonlu olmasi durumunu
belirlemek amaciyla modelde dissallik olup olmadigi arastirilmistir. Modelde bagimsiz
degiskenler ayr1 ayr1 disarida birakilarak elde edilen hata terimleri tekrar ilgili bagimsiz degisken
ile regresyona sokularak birlikte digsallik testi yapilmistir. Bu test uygulanirken bagimsiz
degiskenlerin hata terimleri ile iliskisi grafik analizi tizerinden yapilmistir (EK.1). Grafik inceleme
sonucunda bagimsiz degiskenlerin hata terimleriyle korelasyonlu olmadigina ve buna gore
modelde digsallik sorunu olmadigina karar verilmistir. Birim etki ile bagimsiz degiskenler
arasinda korelasyonun olmamasi halinde sabit etkiler ve rassal etkiler tahmincilerinin her ikisi de
tutarli olmasina ragmen sabit etkilerin neden oldugu bilgi kaybi nedeniyle rassal etkiler tahmincisi
etkindir (Yerdelen Tatoglu, 2021). Buna gore bu calismada panel veri analizinde rassal etkili
Genellestirilmis En Kiiciik Kareler tahmincisi (GEKK) calistirilmistir.

Rassal etkili panel modelin GEKK tahminleri Tablo 10°da gosterilmistir. Bu sonuglara
gore, halka arz olaymi temsil eden DIPO’nun FKM iizerindeki etkisi negatif ve anlamlidir. Bu
durum halka arz yil1 ve sonrasinda sirketlerin faaliyet performanslarinin diistiigiinii ifade etmekte
olup, arastirmanin bu yonde olusturulan Hs hipotezi kabul edilmektedir.

Sirkete 6zgili degiskenlerden KALDO’nun FKM f{izerindeki etkisi negatif ve anlamlidir.
Ancak halka arz degiskeni ile etkilesimi ifade eden KALDODIPO ise anlamsizdir. Bu durum
kaldirag oranmin halka arzdan sonra sirketlerin faaliyet performansint etkilemedigini
gostermektedir. Sirket biiyiikligiinii temsil eden LOGAKTIF degiskeni ise halka arzdan 6nce ve
halka arzdan sonra faaliyet performansini olumlu etkilemektedir. LOGAKTIFDIPO degiskeni
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pozitif ve anlamlidir, halka arz sonrasi sirketlerin aktif biiyiikliiglindeki bir birimlik artis faaliyet
performansina 2.1% oraninda pozitif etki etmektedir. Sirketlerin 6mriinii temsil eden YAS
degiskeninin katsayis1 anlamli degildir. Sirketlerin yasimin faaliyet performanslari iizerinde
anlamlt bir etkisi bulunmamaktadir. Bu bulgular dogrultusunda, sirkete 6zgii degiskenlerden
sirket biiylikliigiinii temsil eden LOGAKTIF halka arz oncesi ve sonrasi faaliyet performansi
tizerinden anlamli etkiye sahiptir. Bu sonuca gore arastirmanin Ha hipotezi LOGAKTIF igin kabul
edilirken, KALDO ve YAS degiskenleri i¢in reddedilmektedir.

Tablo 10. Panel Veri Model Tahmini (GEKK, Bagimh Degisken: FKM)

FKM Katsay1
Sabit -0.103
TUFE 0.001™
LOGAKTIF 0.020™
KALDO -0.447"
KRGSYH -0.181
GSUREND -0.106
YAS -0.002
DIPO -0.438™"
KALDODIPO 0.033
TUFEDIPO -0.001™
LOGAKTIFDIPO 0.021™"
KRGSYHDIPO 0.286
GSURENDDIPO 0.110
DARS -0.028
KALDODARS 0.063
DHAY -0.152™
KALDODHAY 0.276™
R? tiim 0.249
N/gozlem 74/518
Not: ™, ™ sirastyla %1 ve %35 diizeyinde katsayilarin anlamliligim ifade eder.

Makroekonomik degiskenlerden TUFE nin faaliyet performansi iizerindeki etkisi halka arz
Oncesi ve sonrasi anlamlidir. Halka arz oncesinde faaliyet performansini ¢ok diisiik seviyede
pozitif etkileyen fiyatlar genel diizeyindeki artis halka arzdan sonra ¢ok diisiik seviyede faaliyet
performansin1 negatif etkilemektedir. Kredi degiskeni KRGSYH ve biiylime degiskeni
GSUREND’deki degisimlerin gerek halka arzdan once ve gerekse halka arzdan sonra faaliyet
performansina anlamli bir etkisi bulunmamaktadir. Bu sonuglara gére arastirmanin H6 hipotezi
TUFE igin kabul edilirken KRGSYH ve GSUREND igin reddedilmektedir.

Halka arzdan sonra kaldira¢ orant (KALDODHAY) degiskeni, sermaye artis1 veya karma
yontemle halka arz edilen sirketlerin kaldira¢ oraninin bu sirketlerin halka arz sonrasi faaliyet
performansini olumlu etkiledigini gostermektedir. KALDODARS degiskeni ise halka arz aracilik
tiirlinlin arz sonrasi faaliyet performansi {izerinde etkisi olmadigin1 géstermektedir. Bu sonuglara
gore aragtirmanin H7 hipotezi kabul edilirken, H8 hipotezi reddedilmektedir.

6. Sonuc¢

Bu calismanm ilk béliimiinde 2005-2019 yillarinda halka acilan 83 Borsa Istanbul
firmasinin halka arz sonrasi faaliyet performansi incelenmistir. Bulgular, halka arzdan sonra
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sirketlerin performans 06l¢iisii olarak belirlenen aktif karlilik, 6zkaynak karlilig, faaliyet kar marji
ve net kar marj1 rasyolarinda diislis oldugu yoniindedir. Sirketlerin karliliklarinin halka arzdan
sonra diismesi bu sirketlerin karlarindaki biiylimenin aktiflerinde, 6zkaynaklarinda ve satislarinda
sagladiklar1 biiyiimenin gerisinde kaldigin1 gdstermektedir. Bulgular literatiirdeki diger
calismalarin bulgular ile benzerdir (Arik ve Mutlu, 2015; Michala, 2019; Avci, 2021; Long vd.,
2021). Bu durum halka arz gelirinin etkin kullanilmadigina, dogrudan bor¢ 6demede
kullanildigina veya kazang¢ yonetimi uygulamalarina isaret etmektedir.

Halka arz aracilik tiirii bakimindan incelendiginde; en iyi gayret yontemiyle halka agilan
sirketlerin bakiyeyi yliklenim yoluyla halka agilan sirketlere gore daha riskli olabilecegi
beklenmektedir. Calismada, bu yontemlerle halka agilan sirketlerin faaliyet performanslari
arasinda anlamli bir farklilik bulunmamustir.

Halka arz yontemleri agisindan faaliyet performansi incelendiginde ise ortak satisiyla halka
arz edilen sirketlerin, beklenenin aksine, sermaye artig1 yapan sirketlere gore daha yiiksek bir
karlilikla faaliyet gosterdikleri goriilmektedir. Bu durum ortak satisi yapan sirketlerin biiytkligi,
kurumsal yapisi, ortaklik yapisinda daha kurumsal ortaklarin bulunmasi ve bunlarin faaliyet
performansina olumlu yansimasiyla yorumlanabilir. Diger yandan sermaye artisi yoluyla halka
acilan sirketlerin sermaye ihtiyacinin olmasi, yiiksek kaldiraca sahip olmalari, halka arz gelirini
bor¢ ddemede kullanmasi gibi faktorler de bu sirketlerin faaliyet performanslarimin diigmesine
neden olmaktadir.

Caligmanin ikinci bolimiinde sirketlerin faaliyet performansina etki eden faktorler panel
veri yontemiyle analiz edilmistir. Ana 6rneklemi olusturan 9 sirketin HA-3 yilina ait finansal
verilerinin temin edilmemesi nedeniyle panel veri analizi 74 firma verisi tizerinden yapilmustir.
Degiskenlerin halka arz oncesi ve halka arz sonrasi faaliyet performansi iizerindeki etkisini
karsilastirabilmek amaciyla panel veri modeline dahil edilen DIPO, beklendigi gibi, halka arz
sonrasi faaliyet performansina negatif yonde etki etmektedir. Bu sonug¢ ¢alismanin birinci
boliimiinde yapilan istatistiki analiz bulgulariyla tutarlidir.

Firmaya 6zgii degiskenlerden, LOGAKTIF degiskeninin halka arz 6ncesinde ve sonrasinda
firmalarin faaliyet kérlhiligi iizerinde pozitif etkisi oldugu yoniindedir. Fan’in (2019) bulgulartyla
ayni yonde olan bu sonug biiyiik sirketlerin finansal yapisindaki degisikligi faaliyet performansina
hemen yansitabildiklerini gdstermektedir. Diger tarafta, Kiiciikcayli’mn (2013) Borsa istanbul
firmalar1 i¢in yaptig1 calismanin sonuglari aktif biiyiikliik ile performans arasinda anlamli bir iligki
bulunmadig1 yoniindedir. Firmaya 6zgii diger degiskenlerden KALDO, halka arz Oncesinde
faaliyet performansi lizerinde negatif anlamli bir etkiye sahipken halka arz sonrasi bu etki pozitif
olmasina ragmen istatistiki olarak anlamsizdir. Bu bulgu genel halka arz literatiirii ile tutarlidir.
Ote yandan, Kiiciikcayli (2013) bu iliskinin pozitif oldugu yéniinde bulgulara ulasmistir.
Calismanin bir diger bulgusu da firma yasmnin (YAS) faaliyet performansi iizerinde anlamli bir
etkisi bulunmadig1 yoniinde olup bu sonug halka arz literatiiri (Pereira ve Sousa, 2017) ile
uyumludur.

Faaliyet performansimni etkileyen makroekonomik degiskenler agisindan bakildiginda,
TUFE halka arz dncesinde faaliyet performansi lizerinde sinirli da olsa pozitif bir etkiye sahiptir.
Halka arzdan sonra ise fiyatlar genel diizeyinin performans {izerindeki etkisi negatife
donmektedir. Bu durum enflasyonun satiglar ve maliyetler tizerindeki etkisi veya halka arzdan
kaynaklanan ilave isletme maliyetlerinin bir sonucu olabilir. Calismada kullanilan diger
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makroekonomik degiskenlerden KRGSYH ile ekonomik biiyiime degiskeni olarak kullanilan
GSUREND firmalarin halka arz faaliyet performansi tizerinde anlamli bir etkiye sahip degildir.

Calismanin DARS degiskenine yonelik bulgulari, aracilik sekli ile faaliyet performansi
arasinda anlamli bir iliski olmadigini1 gostermektedir. Diger yandan, halka arz yontemi ile ilgili
bulgular ise DHAY ile faaliyet performansi arasinda negatif anlamli bir iliski oldugunu ve
KALDODHAY iizerinden faaliyet performansini olumlu etkiledigini géstermektedir. Bu durum
sermaye artis1 ile halka acilan firmalarin faaliyet performanslarmin diistiiglinii, halka arz
sonrasinda ise bu firmalarin kaldira¢ oranlarimin faaliyet performanslarimi olumlu etkiledigini
ifade etmektedir.

Halka arz faaliyet performansi hisse senedi piyasasi katilimeilari igin farkli 6neme sahiptir.
Hisse senedi yatirimcilart agisindan bakildiginda; faaliyet performansi yatirim yapmak isteyen
yatirimeilar igin dogru sirketin segiminde fiyat performansindan daha 6nemlidir. Firmalar
acisindan bakildiginda; dogru finansal yonetim tekniklerini kullanan firmalarin finansal yapisi
uzun orta ve uzun vadede saglamlasirken hisse senedi yatirimcilari i¢in tercih edilir olacaklardir.
Diizenleyici otorite agisindan bakildiginda ise; diizenleyici otoritenin halka arz firmalarinin
belirlenmesi ve dogru degerleme ile halka arz edilmesi konusunda orta ve uzun vadede
yatirimcilarin menfaatlerini koruma konusunda gerekli tedbirleri almasi 6nem kazanmaktadir.
Diizenleyici otorite sermayeyi tabana yaymak, bireysel yatirimcilarin sermaye piyasalarina
ilgisini arttirmak adina halka arzlar tesvik ettigi donemler olmustur. Arastirma dénemimizde,
ozellikle halka arzin tesvik edildigi 2008-2013 yillarinda, halka agilan ve 6rneklemimiz disinda
bulunan sirketlerden 19’unun finansal sikintiya diistiigii ve borsa kotundan ¢ikarildigi
goriilmektedir. Bu durum yatirimcilarin zarara ugramasina neden oldugu gibi diizenleyici
otoritenin de itibar kaybetmesine neden olmaktadir.

Bu calismada muhasebe temelli performans 6Slgiileri tizerinden halka arz firmalarinin
faaliyet performansi incelenmistir. Firmalarin nakit akis tablolar1 tzerinden gelistirilecek
performans analizlerinin uygulanmasiyla halka arz literatiiriiniin zenginlesecegi diisiiniilmektedir.
Bunun yani sira, Tiirkiye’deki halka agilan firmalarinin sayisinin artmastyla birlikte 6rneklemin
genislemesine bagli olarak daha kapsamli panel veri analizi ve yatay kesit analizi yapilabilir.
Ayrica, heterojenligin saglandigi panel veri modellerinde birimler (firmalar) bazinda da farkl
faktorlerin performans tizerindeki etkisi ilerideki ¢aligsmalar i¢in arastirma konusu olabilir.

Arastirma ve Yayin Etigi Beyani
Etik kurul izni ve/veya yasal/6zel izin alinmasina gerek olmayan bu ¢alismada arastirma ve yayin etigine
uyulmustur.

Arastirmacilarin Katki Orani1 Beyani
Yazarlar makaleye esit oranda katki saglamig olduklarini beyan eder.

Arastirmacilarin Cikar Catismasi Beyani
Bu ¢alismada herhangi bir potansiyel ¢ikar ¢atigmasi bulunmamaktadir.
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THE POST-INITIAL PUBLIC OFFERING (IPO) OPERATING
PERFORMANCE: FURTHER EVIDENCE FROM BORSA ISTANBUL IPOs

EXTENDED SUMMARY

Purpose

This study investigates the operating performance of 83 firms that went public on Borsa
Istanbul from 2005 to 2019 after their IPOs. The research compares the performance of firms
based on the underwriting type and method of IPO. Additionally, the study utilizes panel data
analysis to investigate the changes in I[PO firms’ operating performance and the impact of various
factors, including firm-specific, macroeconomic, and market-related variables, on post-IPO
performance. The study aims to contribute to the literature by investigating the factors affecting
the operating performance of IPO firms and, comparing performance according to IPO method
and underwriting type.

Literature Review

The studies related to IPO firms’ operating performance in Turkey generally show a
decrease in firm performance after IPOs and also examine the factors that affect this performance
change. Research in this area has shown that the post-IPO operating performance of Turkish firms
decreased (Kurtaran and Er, 2008; Kii¢iikgayli, 2013; Arik and Mutlu, 2015; Avci, 2021). Studies
have also examined the factors influencing operating performance change (Kurtaran and Er,
2008). The studies highlight that going public is a critical factor in the value-creation process of
firms and the importance of performance analysis.

Methodology

The study employed univariate analysis using the Wilcoxon Signed Ranks Test and Mann
Whitney U Test to examine the changes in performance indicators such as operating profit margin,
return on assets, return on equity, and net profit margin of post-IPO firms. For the multivariate
analysis, panel data econometric analysis was conducted. In panel data factor analysis, operating
profit margin was determined as the most significant variable representing operating performance
measures. The panel data analysis examines how the operating profit performance is affected by
macroeconomic variables, including inflation, industrial production index, and credit variables,
and firm-specific variables, such as age, leverage, and asset size. Moreover, an IPO dummy
variable is included in the model to see the impact of the IPO on operating performance.

Findings

The results of the Mann-Whitney U Test indicate that the operating performance of firms
based on the IPO method significantly differs from each other. Additionally, the findings from
the Wilcoxon Signed Ranks Test show that there is a significant decrease in the operating
performance of IPO firms compared to the year before the IPO. However, when comparing the
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operating performance based on underwriting type, no significant difference is observed.
Furthermore, the study highlights that firms conducting capital increases type of IPO experience
lower profitability compared to those conducting share sales type of IPO.

Panel data analysis reveals that the operating performance is negatively and significantly
influenced by the leverage ratio, while the IPO dummy variable has a significant negative effect
on operating performance. Both before and after going public, the operating performance is
positively affected by the firm size. The firm age has no significant impact on the operating
performance. The study infers from these results that the only firm-specific variable that
significantly affects the operating performance before and after going public is the firm size.
Among the macroeconomic variables, the consumer price index significantly affects operating
performance before and after going public. The credit variable and the growth variable do not
have a significant effect on the operating performance. The results also show that the leverage
ratio of firms that use capital increase or mixed IPO methods has a positive effect on their
operating performance after going public. Moreover, the findings show that the type of IPO
underwriting does not affect operating performance after going public.

Result

The study is expected to contribute to the literature in terms of comparing the operating
performances of public offering companies according to the IPO method and underwriting type.
Additionally, it differs from studies in the literature by investigating the impact of macroeconomic
variables on operating performance.

Post-IPO operating performance of companies has different political implications for stock
market participants. From the perspective of stock investors, operating performance is more
important than price performance for investors who want to make safe investments. From the
perspective of companies, the financial structure of companies that use correct financial
management techniques will be strengthened in the medium and long term and will be preferred
by stock investors. From a regulatory authority perspective; it becomes important for the
regulatory authority to take the necessary measures to protect the interests of investors in the
medium and long term by identifying IPO firms and offering them to the public with correct
valuation.
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EMTIA PIYASALARININ BIRLIKTE HAREKETLERININ VERI

MADENCILIGI ILE INCELENMESI

An Investigation of Co-movements of Commaodity Markets by Data Mining
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Oz

Emtialar, yatirimlar1 ¢esitlendirmek ve enflasyona karsi korunmak igin
alternatif bir yol olarak gériilmiistiir. Bu nedenle yatirimcilarin bir piyasanin
diisiisii veya yiikselisi sonrasinda diger piyasalarin veya finansal varliklarin
hangi yone dogru hareket edecegini 6ngérmesi, hizli ve etkili kararlar
almasinda kritik 6neme sahiptir. Bu ¢alismada, emtia piyasalarinin birlikte
hareketi veri madenciliginde yer alan birliktelik kurali ile analiz edilmistir. Bu
dogrultuda c¢alismada 20 adet emtianin 01.01.2010-01.08.2023 tarihleri
arasindaki 3216 islem giniindeki birlikte hareketleri analiz edilmistir.
Calismada birliktelik kurali analizleri, Apriori ve FP-Growth algoritmalari
kullamlarak —gerceklestirilmistir. Hem Apriori hem de FP-Growth
algoritmalart ile {iretilen birliktelik kurallarinin tiimiinde Brent petroliin diger
emtialara eslik ettigi gozlemlenmistir. Bu sonug, Brent petrol fiyatlarinin
yukart veya asagi yonde hareketinin, Brent petrol fiyatlarini yakindan takip
eden yatirimcilara, karar vericilere ve politika yapicilara, diger emtialarin
hareketi ile 1ilgili yol gosterici olabilecegini gostermektedir. Petroliin
ekonomik sistemi etkileyen stratejik bir enerji kaynagi oldugu gergegi goz
Oniine alindiginda, bu sonucun sasirtict olmadig: ifade edilebilir.

Abstract

Commodities have been seen as an alternative way to diversify investments
and protect against inflation. As a result, it is critically important for investors
to predict the direction in which other stock exchanges or financial assets will
move after a stock market’s rise or fall in order to make quick and effective
decisions. In this study, the co-movement of commodity markets are analyzed
with the association rule in data mining. In this direction, the movements of
20 commaodities in 3216 trading days between 01.01.2010 and 01.08.2023 are
analyzed in the study. Association rule analyses in the study are conducted
using the Apriori and FP-Growth algorithms. It is observed that Brent crude
oil accompanied other commodities in all association rules generated by both
the Apriori and FP-Growth algorithms. This result suggests that the upward or
downward movement of Brent oil prices may provide guidance to investors,
decision makers and policymakers who closely follow Brent oil prices
regarding the movement of other commaodities. Considering the fact that oil is
a strategic energy source that affects the economic system, this result is not
surprising.
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1. Giris

Emtia piyasalari, paranin icadindan onceki zamanlara kadar uzanan ve insanlarin mal
aligverislerinde kullandigi temel piyasalardan biridir. Giiniimiizde ise emtia piyasalari, modern
ekonomide ¢ok dnemli rol oynayan olgun ve son derece gelismis piyasalardir. Emtialar kiiresel
ekonomide kilit bir rol oynamakta ve diinyanin dort bir yanindaki uluslar1 birbirine baglamaktadir
(Kirikkaleli ve Giingor, 2021). Kiiresel ekonomide ve finans diinyasinda merkezi bir role sahip
olan emtialar hem gelismis hem de gelismekte olan ekonomilerin endiistriyel siiregleri i¢in de
vazgegilmez varliklardir. Dolayisiyla emtialar ekonomik biiyiime ve kalkinmaya biiylik katki
saglamaktadirlar. Ozellikle ham petrol, gesitli emtia piyasalarim etkiledigi igin en stratejik emtia
olarak kabul edilmektedir. Ayrica ham petrol vadeli islemleri ve diger fosil enerji piyasalari
1970’lerde popiilerlik kazanarak emtialar yalnizca endiistriyel girdiler ve ticari varliklardan
finansal araclara doniistiirmiistiir. Bunun yani sira altin gibi degerli metallerin siyasi ve ekonomik
istikrarsizlik dénemlerinde giivenli liman olarak goriilmesi ve platin, gliimiis ve paladyumun da
endiistriyel liretimde 6nemli bir girdi olmasi, finansal piyasalarda yatirimcilar tarafindan giderek
daha fazla ilgi gormesine neden olmustur. Benzer sekilde tarimsal emtialar (bugday gibi) da
devam eden Rusya-Ukrayna savast ve iklim degisikligi gibi olumsuz kosullarindan
etkilendiginden yatirimeilar tarafindan yakindan takip edilmektedir. Ornegin, bugdaym birim
fiyatt1 Ocak 2000’de 107 dolardan islem goérmeye baslamig ve Aralik 2011°de maksimum 306
dolara ulagsmistir. Brent petrol fiyatlari da benzer bir davranis sergileyerek Ocak 2000’de varil
basina 23.95 dolardan islem gérmiis ve Aralik 2011°de varil basina 108.09 dolara ulagsmistir. Bu
gelismelerle birlikte emtia piyasalarina yapilan yatirimlarin miktarinda yasanan muazzam artis,
emtia piyasalarinin finansallagmasini hizlandirmigtir (Cheng ve Xiong, 2014; Ohashi ve Okimoto,
2016; Mensi vd., 2017; Chalid ve Handika, 2022; Umar vd., 2022). Oyle ki, vadeli Emtia
Islemleri Komisyonu’nun raporuna gére (CFTC, 2008) 2000 y1l1 bagindan 2008 yilina kadar olan
donemde vadeli emtia endeksine yapilan yatirimin miktart 200 milyar ABD dolarin1 agmistir
(Cheng ve Xiong, 2014). Benzer sekilde Barclays Capital’in 250’ den fazla kurumsal yatirimciyla
yaptig1 ankete gore, emtia piyasalarindaki kurumsal yatirimlar 2003 yilinda 18 milyar dolarken;
2010 yilinda bu rakam 250 milyar dolar seviyesine yiikselmistir (Basu ve Miffre, 2013). Emtia
piyasalariin son otuz yilda biiylik bir artis gostermesiyle ABD emtia vadeli islem piyasalari
1990°dan 2019 yilina kadar toplam islem hacmi 14.1 trilyon dolar seviyesine yiikselmistir. 2021
yilinda ise ABD emtia vadeli islem piyasasimin hacmi 40.6 trilyon dolar seviyesine ulagmistir. Bu
rakam ABD borsasimin 2021 yilindaki toplam islem hacminin yaklasik yarisina esittir. Emtia
piyasalarinin 6neminin artmasiyla, dzellikle hegde fonlari, Emtia Ticaret Danigsmanlar1 (CTA) ve
emeklilik fonlar1 gibi kurumsal yatirimcilardan emtia vadeli islem piyasalarina biiylik sermaye
girisleri olmustur (Kang vd., 2023). Buradan hareketle giiniimiizde, emtia piyasalarinin alternatif
bir yatirim alanina doniistiigii sonucuna varilabilir (Vivian ve Wohar, 2012; Algieri ve Leccadito,
2017).

Vadeli emtia piyasalarmin finansallasmasiyla birlikte emtialar, hisse senetleri ve tahviller
gibi geleneksel varliklarin yaninda ayri bir varlik sinifi olarak ortaya ¢ikmis ve emtia endekslerine
yapilan yatirmlarin artmasiyla ve sunduklarn cesitlendirme firsatlari nedeniyle kiiresel
yatirimeilarin ilgisini daha ¢ok ¢ekmeye baglamiglardir (Matesanz vd., 2014; Ohashi ve Okimoto,
2016; Rehman vd., 2019; Abid vd., 2020). Dolayisiyla emtialar, yatirimlari gesitlendirmek ve
enflasyona karsit korunmak i¢in alternatif bir yol olarak goriilmektedir (Matesanz vd., 2014,
Mbarki vd., 2023). Ozellikle enflasyonun yiikseldigi donemlerde, hisse senetleri ve tahviller gibi
geleneksel varlik kategorileri zayiflayabilmekte ve diisiik performans gosterebilmektedirler. Buna
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karsin emtialar bu dénemlerde genellikle iyi performans gostermektedirler (Liu vd., 2023). Mal
ve hizmetlere yonelik artan talep genellikle mal ve hizmetlerin tiretiminde kullanilan emtialara
yonelik talebi artirmaktadir. Diger bir ifadeyle, bir yatirim portfoyiinde emtia bulundurmak,
kismen emtia vadeli islem pozisyonunun bir enflasyon korumasi olmasindan kaynaklanan risk
azaltic1 bir etkiye sahiptir (Stoll ve Whaley, 2010).

Emtia fiyatlarindaki degisiklikler potansiyel olarak hem politika yapicilar1 hem de ticari
yatinnmcilar1 etkileyebilmektedir. Finansallasma ile birlikte, emtialarin fiyatlar1 birbirini
etkilemeye baslamistir. Ozellikle petrol fiyatlarinin artigi, tarimsal emtia fiyatlarindaki artisa
neden olmaktadir (Nazlioglu and Soytas, 2011; Ji ve Fan, 2012; Wang vd., 2014). Ornegin artan
petrol fiyatlari, insanlar1 6nemli tarimsal {iriinler olarak kabul edilen misir ve soyadan elde edilen
biyo-yakitlar gibi alternatif enerji kaynaklar1 gelistirmeye zorlamistir (Frankel ve Rose, 2010;
Gilbert, 2010; Vacha vd., 2013). Dolayisiyla, ham petrol, degerli metaller ve tarimsal emtialarin
zaman iginde birlikte hareket edip etmediklerini ve aralarindaki iligkileri anlamak yatirimcilara
optimal yatirim kararlar1 vermesinde ve politika yapicilara da stratejik hamleler yapmak igin
fayda saglayabilir. Ornegin birgok calismada, hisse senedi piyasalari arasindaki daha yiiksek
birlikte hareketin, 6zellikle yiiksek volatilite donemlerinde, hisse senedi yatirimindan elde edilen
cesitlendirme faydalarinin azalmasina yol agtigini gostermektedir (Diamandis, 2009; Singhal,
vd., 2019; Patel, 2019; Inaba, 2020; Heil vd., 2022; Lee ve Lee, 2023). Bu da yatirimcilarin
yatirnm portfoylerini ¢esitlendirmek i¢in yeni yollar bulmalarina neden olmaktadir. Emtialart
yonlendiren faktorler (dogal cevre ve hava kosullar1 gibi) geleneksel varliklari belirleyen baskin
faktorlerden farkli oldugundan, emtia iiriinleri hisse senetleri, tahviller ve para birimleri gibi
finansal varliklar igin iyi bir ¢esitlendirme aract olarak goriilmektedir (Daskalaki ve
Skiadopoulos, 2011; Arouri vd., 2013). Dolayisiyla emtialara yatirim yapmak, riski daha da
¢esitlendirmenin ve enflasyona karsi korunmanin bir yolu olarak kabul edilmektedir. Bu nedenle,
emtia piyasalar arasindaki birlikte hareketleri analiz etmek, modern finansin 6nemli gordiigi bir
konudur ¢iinkii tiirev fiyatlandirma, portfoy optimizasyonu, risk yonetimi ve siirii davranisi igin
emtialarin birlikte hareketlerinin etkili bir sekilde arastirilmasi yatirimcilar ve politika yapicilar
i¢in oldukca faydali bilgiler ortaya ¢ikarmaktadir. Ozellikle uluslararasi finans piyasalarinin
derinlesmesi ve entegrasyonu, kiiresel borsa endekslerinin birlikte hareket etmesini artirmaktadir.
Dolayisiyla yatirimcilarin bir borsanin diisiisli veya yiikselisi sonrasinda diger borsalarin veya
finansal varliklarin hangi yone dogru hareket edecegini ongormesi, hizli ve etkili kararlar
almasinda kritik 6neme sahiptir. Buradan hareketle bu c¢alismanin amaci, emtia piyasalarinin
birlikte hareketini aragtirmaktir. Bu kapsamda ¢alismada emtia piyasalarinin birlikte hareketi, veri
madenciliginde tanimlayici modeller sinifinda yer alan birliktelik kurali analizi tekniklerinden
Apriori ve FP (Frequent Pattern)-Growth algoritmalari kullanilarak incelenmistir. Caligmanin veri
seti yedi degerli metal, bes bitki, dort hububat, ti¢ enerji ve bir et emtiasi olmak iizere toplam 20
emtia fiyatindan olusmaktadir. Caligmanin veri seti 01.01.2010-01.08.2023 tarihleri arasindaki 20
farkli vadeli emtia fiyatinin giinliik kapanis fiyatin1 kapsamaktadir. Bunun sonucunda analiz i¢in
toplam 3216 islem giinii dikkate alinmigtir. Calismanin yapildigi dénem itibariyle, bu ¢alisma,
bilindigi kadariyla, emtia piyasalarinin birlikte hareketini veri madenciligi yontemlerinden
birliktelik kurali analizine gore inceleyen ilk calisma Ozelligini tagimaktadir. Bu bakimdan
calismanin oOzellikle literatiirdeki eksiklige katki saglayacagi diisiiniilmektedir. Emtia
piyasalariin birlikte hareketleri literatiirde bir¢ok farkli yontemle aragtirildigi gergegi géz oniine
alindiginda, bu caligmada kullanilan birliktelik kurali analizinin literatiirii zenginlestirecegi
diisiiniilmektedir. Calismanin literatiire bir diger katkisi ise, birliktelik kurali algoritmalarindan
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Apriori ve FP-Growth algoritmalarinin tirettigi kurallarin karsilastirmasina olanak vermesidir. Bu
dogrultuda analiz sonuglari hem Apriori hem de FP-Growth algoritmalarinin birbirlerini destekler
nitelikte kurallar tirettigini gostermektedir.

2. Literatiir

Veri madenciligi uygulamalarindan birliktelik kurali analizi ile ilgili literatiir bir¢ok farkl
disiplinden ¢alismanin yapilmasindan dolay1 her gegen giin zenginlesmektedir. Bu boliimde, veri
madenciligi ile birliktelik kurali analizi yOntemini sermaye piyasalar1 {izerine ele alan
aragtirmalara yer verilmistir.

Yang vd. (2006) tarafindan yapilan ¢alismada Tayvan borsasi elektrik endeksinde islem
goren hisse senetlerinin birlikte hareketleri veri madenciligi uygulamalarindan birliktelik kuralina
gore analiz edilmistir. Calismanin verileri 1971-2005 yillar1 arasindaki déneme kadar olan giinliik
verilerden olugsmaktadir. Caligmanin sonuglari, analiz edilen hisse senetleri arasindan yukari ve
asagl yonlii nedensel iliskinin var oldugunu gostermektedir.

Liao vd. (2008) iki asamali bir veri madenciligi kullanarak Tayvan borsasindaki yatirim
sorunlarimi1 arastirmiglardir. Caligmanin ilk asamasinda birliktelik kurallarindan Apriori
algoritmasin1 kullanarak hisse senetleri arasinda birlikte hareketi incelenmistir. Ikinci asamada
ise K-Means algoritmasi ile bir kiimeleme analizi yapmuslardir. Calisma sonuglari, Tayvan
borsasi igin yatirimcilara farkli kosullar altinda alternatif portfoyler 6nermektedir.

Liao vd. (2011) calismalarinda Tayvan borsast ile 13 farkli doviz kuru arasindaki iliski veri
madenciligi uygulamalarindan birliktelik kurali ile analiz etmislerdir. Calismada birliktelik
analizi i¢in Apriori algoritmasi tercih edilmistir. Calisma verileri Haziran 2006 ile Aralik 2008
arasindaki 138 giinliik islem giiniinii kapsamaktadir. Caligmanin sonuglari, Tayvan sermaye
piyasasinda farkli kosullar altinda doviz kurlar1 ve hisse senedi yatirimi dahil olmak iizere gesitli
olas1 portfoy alternatifleri onermektedir.

Srisawat (2011) Tayland Borsasinda hisse senetleri arasindaki birlikte hareketi veri
madenciligi ile analiz etmislerdir. Calismanin verisi 4 Ocak 2010 ile 30 Aralik 2010 tarihleri
arasindaki 242 islem giinlinden olusmaktadir. Birliktelik kurallarindan elde edilen sonuglar, ilgili
bireysel hisse senetlerinin trendlerini ortaya ¢ikarmigtir. Ayrica, bu kurallar yeni baslayan hisse
senedi yatinmcilarinin daha fazla analiz i¢in ilging hisse senetlerini onceden se¢melerine
yardimci olabilir.

Na ve Sohn (2011) tarafindan yapilan ¢calismada Kore, ABD, Japonya, Cin, Tayvan, Hong
Kong, Ingiltere, Fransa ve Almanya’nin borsa endekslerinin birlikte hareketlerini analiz
edilmistir. Caligmada veri madenciligi birliktelik analiz i¢in apriori algoritmasi kullanilmstir.
Calismada veriler Ocak 2006 ile Aralik 2008 arasindaki donemi kapsamaktadir. Caligmanin
sonuclarina gére, KOSPI endeksi, ABD ve Avrupa’daki borsa endeksleriyle ayn1 yonde hareket
etme egilimindeyken, Kore ile rekabet iliskisi i¢ginde olan Hong Kong ve Japonya gibi diger Dogu
Asya llkelerindeki endekslerle ters yonde hareket etmektedir.

Argiddi ve Apte (2012) Hindistan Bilgi Teknolojileri endeksinde hisse senedi degisimi i¢in
birliktelik kuralin1 kullanmiglardir. Calismada analizler i¢in iki farkli birliktelik kurali algoritmasi
kullanilmistir. Analiz sonuglar1 Apriori algoritmasinin FITI (First Intra then Inter) algoritmasina
kiyasla daha dogru sonuglar iirettigini gostermektedir.
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Ho vd. (2012) 2006-2010 y1llar1 arasinda Asya’nin en biiytik ikinci borsasi olan Hong Kong
Borsasinin diger makroekonomik gostergeleriyle iliskisini veri madenciligi birliktelik kuralina
gore incelemislerdir. Calismanin sonuglari, doviz kuru ve ihracat deger artisinin Hong Kong
endeksinin degisimini biiylik 6l¢iide artirdigini géstermektedir. Benzer sekilde doviz kuru, ihracat
degeri ve GSYH’deki artis da Ha Hong Kong Endeksi’nin degisimini yiiksek oranda
artirmaktadir.

Liao ve Chou (2013) birliktelik kurallar1 ve kiimeleme analizini igeren bir veri madenciligi
yaklagimi kullanarak Tayvan ve Cin (Hong Kong) hisse senedi piyasalarindaki ortak hareketleri
arastirnuslardir. Ekonomik Isbirligi Cerceve Anlasmasi’nin (ECFA) uygulandigi dénem boyunca
hisse senedi endekslerinin birlikte hareketleri i¢cin 30 hisse senedi lizerinde incelenmistir.
Calismanin sonuglar1 bazi hisse senetlerinin ayni anda birlikte yilikseldigini veya diistiiglinii ya da
i¢ veya dis ekonomik, sosyal ve politik durumlardan karsilikli olarak etkilendigini gostermektedir.

Paranjape-Voditel ve Deshpande (2013) hisse senedi verilerini analiz eden ve sirali bir
hisse senedi sepeti oneren birliktelik kuralt madenciligine (ARM) dayali bir borsa portfoy tavsiye
sistemi Onermislerdir. Bu amacgla yazarlar ARM tekniklerini, geleneksel ARM’nin
dezavantajlarinin {istesinden gelmek i¢in tematik sektorlerin olusturulmasi, sektorler arasi ve
sektor i¢i kurallarin kullanilmasi gibi alana 6zgii tekniklerle zenginlestirmislerdir. Calismada
BSE-30, S&P CNX-100, CNX-50 veya NSE-50 ve DOW-30 endeksler incelenmistir. Caligmanin
sonuclart BSE-30 (Hindistan) endeksinde sonuglarin Hindistan’daki ilk 5 yatinm fonu
sonuclarina gore getirilerinin olduk¢a iyi oldugunu gdstermektedir. Olusturulan sistemin
sonuglari, tiim veri kiimeleri igin yatirim fonlarindan elde edilen sonuglari geride birakmustir.

Arafah ve Mukhlash (2015) Endonezya’da Jakarta Bilesik Endeksinde (JCI) yer alan 10
hisse senedinin 2010-2014 yillar1 arasindaki iliskiyi bulanik birliktelik kurali madenciligi
algoritmasini kullanarak arastirmiglardir. Calismada Apriori algoritmasi ile hisse senetleri
arasinda giiclii birliktelik kurallar1 elde edilmistir.

Prasanna ve Ezhilmaran (2016) gelistirilmis apriori algoritmasi ve modifiye GA kullanarak
borsa tahminine yardimei olacak optimum hisse senedi kurallar1 olugturmak i¢in yeni bir yaklagim
gelistirmislerdir. Hisse senedi tahmin sonuglari, gelistirilmis apriori ve modifiye GA algoritmasi
tarafindan secilen kurallarim, genel apriori ve GA ile elde edilenlerden daha etkili ve giivenilir
oldugunu gostermektedir.

Jalpa ve Rustom (2017) caligmalarinda Hindistan borsasinda islem goren 1250 hisse
senedinin 1 Ocak 2010 ile 30 Eyliil 2016 tarihleri arasindaki dénemde verileri veri madenciligi
ile birlikte hareketlerini analiz etmiglerdir. Calismada birliktelik analizleri igin Apriori ve FP-
Growth algoritmalar1 birlestiren hibrit bir yaklasim tercih edilmistir. Analiz sonuglari, FP-Growth
algoritmasiyla elde edilen birliktelik kurallarinin Apriori algoritmasina gére daha olumlu sonuglar
verdigini gostermektedir.

Masum (2019) calismasinda, Tahran borsasinda islem goren 36 sirketin hisse senetlerinin
birlikte hareketini incelemistir. Calismada 2000-2013 yillar1 arasinda veriler kiimeleme ve
birliktelik kurali yoluyla incelenmistir. Toplam 249.061 goézlem degerlendirilmis ve sonuglar
yatinmcilar i¢in ¢esitli kurallar ve Oneriler ortaya koymustur. Sonuglar ii¢ ve dort maddede %
81’in iizerinde giliven (Confidence) degerine, %1’in lizerinde destek (support) degerine ve ikinin
tizerinde ilgi (lift) degerine sahip birliktelik kurallar1 tespit edilmistir.
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Memis ve Kaya (2019) calismalarinda BIST100 endeksinde yer alan 87 farkli hisse
senedinin 21.10.2013 ile 19.10.2018 tarihleri arasinda giinliik verileri dikkate alarak veri
madenciligi uygulamasindan Apriori algoritmasi ile birliktelik analizi gerceklestirmislerdir.
Analiz sonuglari, hisse senetleri arasinda giiclii iliskiler oldugunu gostermistir. Ayrica sektorel
bazli hisse senetlerinin daha fazla birlikte hareket ettigi sonucuna varilmistir.

Unsal (2020) galismasinda Borsa Istanbul’da islem géren 408 pay senedinin 2019 y1li 249
islem giinii i¢in veri madenciligi uygulamalarinda oncelikle K-Means algoritmasi ile kiimeleme
analizi yapilmis ve sonrasinda elde edilen kiimelere Apriori algoritmasi ile birliktelik analizi
yapilmistir. Analiz sonuglari, 249 islem giiniinde EUYO, DYOBY paylarinin 188 kez beraber
ayni1 kiimede yer aldig1 ve NETAS paymnin da bu iki pay senedi ile beraber goriildiigii kiimelerde
172 kez yer aldig1 goriilmiistiir.

Kocabryik vd. (2021) tarafindan yapilan calismada 30 farkli Borsa Istanbul Endeksinin
birlikte hareketini veri madenciligi FP-Growth Algoritmasi ile analiz edilmistir. Caligma
4.11.2014-12.03.2021 tarihleri arasindaki 1601 islem giiniinden olusmaktadir. Calisma iki grup
veri setiyle analiz edilmistir. ik olarak BIST30 endeksinin tamami analiz edilmistir. Bulgulara
gore XUO030, XUTUM, XU100, XUSRD, XUMAL, XBANK ve XKURY endekslerinin énemli
birlikte hareket ettigi gozlemlenmistir. Ikinci asamada sektor endeksleri iizerine bir analiz
gerceklestirilmistir. Burada XBANK ve XUMAL endeksleri arasinda 6nemli birlikte hareket
gozlemlenmistir.

Hernandez vd. (2021) calismalarinda kripto paralarin birlikte hareketlerini veri madenciligi
yontemi ile analiz etmislerdir. Caligmada analiz kapsamina 131 kripto para alinmigtir. Caligmanin
verileri 01/12/2019-05/07/2020 tarihleri arasin1 kapsamaktadir. Calismada birliktelik analiz i¢in
Apriori algoritmasi tercih edilmistir. Analiz sonucglarina gore, kripto paralar arasinda bir¢ok
birliktelik kurali tespit edilmistir.

Karaatli vd. (2021) portfdy olusturmak amaciyla BIST 30 endeksinde paylarin makro
ekonomik degiskenler (M1 para arzi, altin ons fiyati, ihracatin ithalati karsilama orani, sanayi
iiretim endeksi, doviz sepeti, imalat sanayi kapasite kullanim orani, faiz, liretici fiyat endeksi,
finansal hizmetler gliven endeksi, uluslararasi dogrudan yatirimlar, ham petrol, S&P 500 endeksi)
ile birlikte hareketini analiz etmek i¢in FP-Growth algoritmasindan yararlanilmigtir. Caligmanin
veri seti 2014-2019 yillar1 arasini kapsamaktadir. Calismanin sonuglar1 yatirimcilarm hangi
yatirim araglarina yatirim yapabilecegi ve BIST 30 endeksinde yer alan paylardan bankacilik
endeks paylarinin yiiksek oranda birlikte hareket ettigi sonucunu ortaya koymaktadir.

Kartal vd. (2022) g¢alismalarinda diinyadaki 11 borsa endeksinin 2001-2009 yillart
arasindaki birlikte hareketlerini veri madenciligi yontemlerinde birliktelik kurali algoritmasiyla
analiz etmislerdir. Bulgular, birliktelik kurallar1 arasinda en yiiksek giiven seviyesinde ABD borsa
endekslerinin yer aldigi goriilmiigtiir. Bunun yani sira BIST 100 endeksinin hem Avrupa borsa
endeksleri hem de ABD borsa endeksleri ile ortak hareket ettigi gdzlemlenmistir. Ayrica Hang
Seng Endeksinin (HSI) (Hong Kong) tiim borsa endekslerinin birliktelik kurallarinda yer aldig
gOrilmiistiir.

Kaur ve Dharni (2022) analiz i¢in MSCI (Morgan Stanley Capital International) piyasa
smiflandirmasina gore gelismis piyasalar (Japonya, Birlesik Krallik ve Amerika Birlesik
Devletleri) ve gelismekte olan piyasalardan (Giiney Afrika, Hindistan, Brezilya ve Cin) olusan
yedi lilke se¢cmisglerdir. Veriler 1 Nisan 2005 ile 31 Mart 2017 tarihleri arasindaki on iki yillik
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donemi kapsamaktadir. Calismada birliktelik analizi apriori algoritmasi ile uygulanmstir.
Calismanin bulgulari, diinya genelindeki yedi hisse senedi endeksinin tamami icin al ve tut
getirilerine kiyasla birliktelik kurallarina dayali getirilerin 6nemli 6lgiide daha yiiksek oldugunu
gostermektedir. Birliktelik kurallari, secilen yedi endeksin tiimii i¢cin karliligt g6z oniine
alindiginda, hisse senedi getirisini tahmin etmede daha verimli oldugunu gostermektedir.

Teker ve Konuskan (2022) caligsmalarinda futbol kuliipleri tarafindan ¢ikarilan kripto
paralarinin birlikte hareketlerini veri madenciligi uygulamalarindan birliktelik analizi ile
incelemislerdir. Calismanin verisi 01.01.2022-01.08.2022 tarihlerini kapsamaktadir. Birliktelik
analizi i¢in FP-Growth algoritmasi tercih edilmistir. Caligmanin sonuglar1 Trabzonspor, Lazio ve
Porto takimlarinin kripto paralarinin en sik birlikte hareket ettigini gostermektedir. Ayrica
Fenerbahge, Istanbul Bagsaksehir ve Goztepe spor kuliiplerinin kripto paralari en az birlikte
hareket ettigi gdzlemlenmistir.

3. Veri Madenciligi

Son yillarda hem veri iiretme hem de veri toplama kapasitesi ¢ok hizli bir sekilde
artmaktadir. Ozellikle cogu is ve devlet isleminin dijital ortama aktarilmas1 ve veri toplama
araclarindaki gelismeler, ¢ok biiylikk miktarda verinin ortaya c¢ikmasina neden olmustur.
Gliniimiizde veri ve veri tabanlarindaki hizli biiyiime, islenen verilerin faydali bilgi ve
enformasyona donistiirebilecek yeni teknik ve araglara ihtiya¢ dogurmaktadir. Bu durum, veri
madenciligini giderek daha da 6nemli bir arastirma alani haline getirmektedir (Chen vd., 1996:
866).

Birgok farkli disiplinde uygulama alan1 bulan veri madenciligi, farkli sekillerde
tanimlanmaktadir. En genel anlamda ise veri madenciligi, veri tabanlarindaki verilerden (data)
ortiik, oOnceden bilinmeyen ve potansiyel olarak yararli bilgilerin (knowledge) ortaya
¢ikarilmasi ifade etmektedir (Chen vd., 1996: 866). Veri madenciligi yaygin olarak bir¢ok
arastirmaci tarafindan veri araciligiyla faydali bilginin kesfedilmesi olarak tanimlanmakta iken,
bazilar1 tarafindan ise faydali bilginin ortaya c¢ikarilmasinda Onemli bir adim olarak
goriilmektedir. Ozellikle is diinyasinda kurumsal ve miisteri verileri stratejik bir varlik olarak
kabul edilmektedir. Bu verilerde sakli olan yararli bilgilerin ortaya ¢ikarilmasi ve bu bilgilere
gore hareket etme yetenegi, giiniimiiziin rekabet¢i diinyasinda giderek daha onemli hale
gelmektedir (Kantardzic, 2020: 2). Han vd. (2011) bilgi kesif siirecini yedi adimda
acgiklamaktadirlar;

1. Veri temizleme (tutarsiz ve dogru olmayan verileri ortadan kaldirma asamast),

2. Veri birlestirme (birden fazla veri kaynaginin birlestirilmesi agamast),

3. Veri secimi (analiz géreviyle ilgili verilerin veri tabanindan alindig1 yer),

4. Veri doniistiirme (6zet veya toplama islemleri gergeklestirilerek verilerin madencilige
uygun formlara doniistiiriildiigii ve birlestirildigi asama),

5. Veri madenciligi (veri kaliplarimi ¢ikarmak i¢in akilli ydontemlerin uygulandigi 6nemli
bir siireg)

6. Oriintii degerlendirme (Faydali bilgiyi temsil eden énemli bilgi kaliplarmin belirlendigi
asama),

7. Faydali bilginin sunumu (ortaya ¢ikarilan bilgiyi kullanicilara sunmak igin
gorsellestirme ve bilgi temsil tekniklerinin kullanildig agama).
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Giliniimiizde veri madenciligi finans, pazarlama, sigortacilik, bankacilik, miithendislik,
egitim, saglik vb. gibi bircok alanda kullanilmaktadir (Bramer, 2016). Uygulamada veri
madenciliginin tahminleyici ve tanimlayic1 olmak tizere iki temel modeli vardir (Dunham, 2006:
5; Kantardzic, 2020: 2). Tahminleyici modeller siniflandirma, regresyon, zaman serisi analizleri
kestirimden olugmaktadir. Tanimlayict modeller ise kiimeleme, 6zetleme, birliktelik kurallar1 ve
dizi analizinden olusmaktadir. Tahmine dayali modeller, farkli verilerden bilinen sonuglar
kullanarak veri degerleri hakkinda tahmin yapmaya olanak tanir. Tahmine dayali modelleme
diger tarihsel verilerin kullanimina dayali olarak yapilabilmektedir. Tanimlayici modeller ise
verilerdeki kaliplar1 veya iliskileri tanimlamaktadir. Tahmine dayali modellerden farkli olarak,
yeni Ozellikleri tahmin etmenin degil incelenen verilerin 6zelliklerini kesfetmeye olanak verir
(Dunham, 2006: 5).

3.1. Birliktelik Kurallar1 Analizi

Agrawal vd. (1993) tarafindan ortaya atilan birliktelik kurallar1 bir veri kiimesindeki
kaliplar1 ve sik tekrarlayan 6geleri belirlemek icin kullanilmaktadir. Giintimiizde birliktelik
kurallar1 analizi yontemi pazarlama, finans, saglik, fen bilimleri, mithendislik vb. birgok alanda
siklikla kullanilmaktadir (Son vd., 2018). Ornegin X iiriiniinii satin alan bir kisi ayn1 zamanda Y
tiriintinii de satin aliyorsa, X iriinii ile Y iiriinii arasinda bir iligki oldugu sdylenebilir ve bu bilgi
karar vericiler agisindan faydali bir bilgi olmaktadir. Dolayisiyla birliktelik kurallar1 analizi i¢in
gelistirilen algoritmalarin uygulanmasindaki temel amag, rastgele verileri analiz ederek eszamanli
iliskiler bulmak ve bu iligkileri karar verme sirasinda referans olarak kullanmaktir (Liao vd., 2011:
4611). Birliktelik kural1 analizinde su adimlar uygulanir (Kotu ve Deshpande, 2018: 201):

Adim-1: Veriler islem formatinda diizenlenir. Bir birliktelik algoritmasi igin, giris
verilerinin t,, = (i, i, i3 ) islem bigiminde bigimlendirilmesi gerekir.

Adim-2: Sik tekrarlanan &ge kiimeleri listelenir. Oge kiimeleri ilgili 6gelerin
kombinasyonlaridir. Bir birliktelik algoritmasi, analizi en sik meydana gelen ogelerle
sinirlandirir, bdylece bir sonraki adimda g¢ikarilan son kural seti daha anlamli hale gelir.

Adim-3: Oge kiimelerinden ilgili birliktelik kurallar olusturulur. Son olarak algoritma, ilgi
Olciisiine dayali olarak kurallart olusturur ve filtreler.

Tablo 1. Ornek Ogeler Akist
Hareket Ogeler
(A B)
(A, B)
(C, A B)
(D)
(C,A,B)
(A, D, E)

OOl WN -

Birliktelik kurali analizinde birlikteligin anlamli olup olmadigi belirlemek icin ¢esitli
parametreler kullanilmaktadir. Destek (support), giiven (confidence) ve kaldirag (lift)
aragtirmacilar tarafindan en fazla yararlanilan parametreler oldugu goriilmektedir. Bu
parametrelere ek olarak farkli calismalarda kanaat (conviction), manivela (leverage), X2, tam
giiven (all-confidence) ve maksimum giiven (max-Confidence) gibi ¢esitli parametrelerden de
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yararlanilabilecegi belirtilmistir (Han vd., 2012). Bu ¢aligmada analizler i¢in 6nemli olan, destek
(support), giiven (confidence) ve kaldira¢ (lift) parametreleri detaylandirilacaktir.

Tablo 2. Ornek Ogeler Akisi Veri Kiimesi

ID A B E C D
1 1 1 0 0 0
2 1 1 0 0 0
3 1 1 0 1 0
4 0 0 0 0 1
5 1 1 0 1 0
6 1 0 1 0 1

Destek (support): Bu parametre temelinde bir oran ve olasilik bilgisi sunmaktadir. Destek
parametresi olusturulan kuralin faydali olup olmadig1 hakkinda bilgi vermektedir. Bir 6genin
destegi, basitce bir 6ge kiimesinin islem kiimesindeki goreceli goriilme sikligini ifade etmektedir.

M)

Denklem 1’de destek degeri Tablo-1 ve Tablo-2 6zelinde yorumlarsak, X ve Y tiriinlerinin
toplam satiglarda hangi oranda birlikte yer aldigini ve X ve Y nin birlikte satin alinma olasiligini
gostermektedir. Bu dogrultuda birliktelik kurali analizi yapilmadan 6nce minimum destek degeri
belirlenmelidir. Uygulamalarda bu deger genellikle en az % 10 olarak alinir. Ancak uygulamanin
tiirli, kullanilan verilerin yapist ve boyutuna gore bu durum farklilik gosterebilir. Analizlerde
destek degerinin kiiciik olmasi daha fazla, biiyiik olmasi ise daha az kuralin ortaya ¢ikmasina
neden olmaktadir (Zhang vd., 2021: 1464). Ornegin Tablo-2’deki veri setinde A iiriiniin destek
degeri alt1 islemden besidir. Formiil yardimiyla destek degeri su sekilde gosterilir:

Destek {A}=5/6=0.83
Destek {A, B}= 4/6=0.67
Destek {C}= 2/6=0.33

X ve Y'yi birlikte iceren kayit sayist
Toplam kay:it sayist

Destek (X =>Y) = P (XNY)=

Ornegin destek degeri % 50’nin iizerinde alindiginda sadece % 50’nin iizerindeki destek
degerli olan 6geler dikkate alinarak analiz yapilacaktir. Bu durumda “C” 6gesinin degeri % 33
oldugunda analizlerde dikkate alinmayacaktir.

Giiven (confidence): Bu parametre, destek parametresi gibi oran ve sartl bir olasilik bilgisi
sunmaktadir. Giiven parametresi kesfedilen kuralin kesinligini ortaya koymaktadir.

Destek(X NY)_X ve Y'yi birlikte iceren kayit sayist

Giiven(X =>Y) = P (Y|X)= (2)

Destek(X) X'iiceren kay:it sayist

Denklem 2’deki formiil X {irlinlinii satin alan miisterilerin hangi oranda Y {irliniinii de satin
alma davramigi sergiledigini gostermektedir. Bagka bir ifadeyle bu formiil, X ve Y {iriinlerini
birlikte alan bireylerin, X {iriiniinii satin alan bireylerin i¢indeki orani ifade etmektedir. Bu oran
biiytidiik¢e kesfedilen kural sayis1 azalmaktadir (Han vd., 2012: 246).

Tablo 1 ve Tablo 2’deki 6rnek veri seti i¢in giiven degeri hesaplayacak olursak; {A,
B} —{C} kurali durumunda, giliven dl¢iisiiniin yanitladigi soru sudur: Bir aligveriste hem A hem
de B alan kisiler, i¢inde C iiriiniinii de alanlarin orani nedir?

191



B.S. Eren, “Emtia Piyasalarinin Birlikte Hareketlerinin Veri Madenciligi ile Incelenmesi”

Destek ({A,B,C}) _ 2_/6 _

Giiven({4, B}—{C})= Destek ({A,B}) ~ 4/6

0.5 3)

A ve B satin alan bireylerin % 50’si yani yaris1 C’de satin almaktadir.

Kaldirag (lift): Birliktelik kurallar1 analizi sonucunda kesfedilen biitiin kurallar i¢in sadece
destek ve giliven parametreleri yeterli degildir. Genellikle destek ve giiven parametrelerinde
belirlenen minimum esik degerlerinden fazla olmasi ilging bir kuralin kesfedildigi kabul edilir.
Bununla birlikte yiiksek giiven ve destek degerlerine ragmen aslinda ilging kabul edilmeyecek
kurallar belirlenebilir. Bu durumun iistesinden gelmek igin farkli bazi parametrelerin
hesaplanmasi gerekir. Bunun icin en yaygin kullanilan kaldirag (Lift) parametresinden
faydalanilir. Kaldirag parametresi korelasyon prensibine dayanmaktadir (Han vd., 2012: 266).

P(XNY)_P (Y|X)_Given (Y=>X) _ Destek(XUY) 4
P(X)P(Y) P(Y)  Destek(Y)  Destek(X)Destek(Y) (4)

Kaldira¢(X)Y) =

Tablo 1 ve Tablo 2’deki 6rnek veri seti i¢in kaldirag degerini hesaplayacak olursak;

Kaldirag({A, B}—{C})=—=—=15 (5)

Kaldirag degerinin 1’den kii¢lik olmasi durumunda 6nciil ve ardillar arasinda negatif yonlii
bir korelasyon oldugunu gostermektedir. Degerin 1’den biiyilik olmasi1 durumunda pozitif yonlii
bir korelasyon oldugunu géstermektedir. Birliktelik kurallari analizinde bir kuralin anlamli kabul
edilebilmesi i¢in kaldira¢ degerinin 1’den biiyiik olmasi istenir. Bu deger ne kadar biiyiik olursa
iligski o kadar giigliidiir (Han vd., 2012, s. 266).

3.2. Birliktelik Kurah Algoritmalar

Birliktelik kurali analizlerinde bir¢ok farkli algoritma kullanilmaktadir. Bu algoritmalar
“ardisik algoritmalar” ve “paralel algoritmalar” olarak iki baslik altinda toplanmaktadir. Ardisik
algoritmalar, ele almman Ogelerden, 6ge kiimeleri olusturularak bunlarin sayildigi mantiksal
ifadeleri igermektedir. Paralel algoritmalar ise biiylik 6ge kiimelerinin paralellik saglayarak
olusturulmasin saglar (Erpolat, 2012: 138). Bu ¢alismada ardigik algoritmalardan Apriori ve FP-
Growth algoritmalar1 dikkate alinarak analizler yapilacagindan, izleyen boliimde s6z konusu
algoritmalar detaylandirilacaktir.

3.2.1. Apriori Algoritmasi

Apriori algoritmast birliktelik kurallarinin kesfedilmesinde en yaygin olarak kullanilan
algoritmalardan biridir. Apriori algoritmasi, ortak bir 6ge kiimesini bulmak i¢in kullanilan
birliktelik kurallar1 (Liu vd., 2017: 2) madenciligi i¢in en iyi bilinen algoritma olarak kabul edilir
(Azeez vd., 2019: 3). Agrawal ve Srikant (1994) tarafindan gelistirilen apriori algoritmasi ismini,
kesfettigi bilgiyi her zaman oOnceki adimdan aldigindan dolay1 prior (6nceki) kelimesinden
almistir. Apriori algoritmasi, destek (support) parametresini kullanarak test edilecek oge
kiimelerinin sayisini azaltarak, sik 6geler kiimesi olusturan mantiksal kurallar gelistirmektedir.
Apriori algoritmasinin ilkeleri sunu belirtir: Eger bir 6ge kiimesi sik ise, o zaman tiim alt kiime
Ogeleri de sik bir 6ge kiimesi olusturacaktir. Dolayistyla 6ge kiimesinin destek degeri, belirlenen
destek esiginden yiiksekse, belirlenen kurallar gercevesinde 6ge kiimesi daha genis olacagi
varsayilir (Agrawal ve Srikant, 1994).
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Ogeler

A B © E
(0.83) (0.67) (0.33)
AB
’ AC AC
(0.67) e AE 033 AE CE
AB,C AB,E

L) ACE B,C,E

AB,C.E

Sekil 1. Apriori Algoritmasimi Kullanan Sik Oge Kiimeleri

Sekil 1, Tablo 1 ve Tablo 2’deki degerleri dikkate alarak Apriori ilkesinin bir ¢apraz desen

6geleri (lattice) uygulanmasini gostermektedir. {A, B, C} i¢in alt kiime 6gelerinin destek seviyesi
sOyledir:

Destek {A, B, C}=0.33 (esik destek seviyesinin iizerinde)
Destek {A, B}=0.66
Destek {A, C}=0.33

Destek {C}=0.33
Destek {A}=0.66

Tablo 3. Ornek Sik Oge Kiimesi Destek Degerleri

Oge Destek Sayisi Destek Degeri
A} 5 0.83
{B} 4 0.67
{E} 1 0.17
{C} 2 0.33
ikili Oge Setleri Destek Sayisi Destek Degeri
{A B} 4 0.67
{A C} 2 0.33
{8 C} 2 0.33
Uclii Oge Setleri Destek Sayisi Destek Degeri
{A. B, C} 2 0.33
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Sekil 1’de minimum esik destek degerlerini saglayan alt 6ge kiimeleri yesil renkli
kutucuklarin igerisinde gosterilmistir. Tersine, eger 6ge kiimesi seyrekse, o zaman tiim iist
kiimeleri de seyrek olacaktir. Sekil 1’de E’nin destegi 0.17°dir ve E’yi bir 6ge olarak iceren tiim
iist kiimelerin destegi 0.17’den kiicilik veya ona esit olacaktir; bu durum 6rnegin minimum 0.25’lik
destek esigi dikkate alindiginda sik gériilmeyen bir durumu temsil etmektedir. Bu destek degerini
saglamayan 0ge kiimeleri Sekil 1’de kirmizi renkli kutucuklar iginde gosterilmistir. Kisacasi
minimum destek esigini saglamayan 6geler ¢ikarilir (kirmizi renkli kutucuklar), saglayanlar ise
sik 6geler kiimesine (yesil renkli kutucuklar) eklenirler.

Tiim 6ge kiimeleri icin destek sayilar1 ve destek degerleri hesaplanmistir. Destek sayisi,
islemlerin mutlak sayisidir ve destek, destek sayisinin toplam islem sayisina oranidir. Esik destek
sayisinin  (Ornegimizde 2) altindaki herhangi bir 6ge kiimesi daha sonraki islemlerden
cikarilmaktadir. Sekil 1°de her bir 6genin destek sayis1 ve destek degeri goriilmektedir. Ornegin
{E} destek sayisi belirlenen esikten az oldugundan, 0ge kiimesi olusturmanin bir sonraki
yinelemesi i¢in ortadan kaldirilmaktadir. Bir sonraki adimda {A}, {B} ve {C} i¢in li¢ adet iki 6ge
kiimesini saglayan olasi iki 6ge kiimesi olusmaktadir. Bu siireg, onceki kiimelerden tiim n 6geli
kiimeler dikkate alinana kadar devam etmektedir. Sonugta destek esigini asan yedi adet sik 6ge
kiimesi ortaya cikar.

Sik 6ge kiimeleri olusturulduktan sonra birliktelik analizindeki bir sonraki adim, kural
formatinda agik bir 6nciil ve sonug ardil iceren yararli kurallar olusturmaktir:

{0ge A}—{0ge B} Kuralinin giivenirliligi 2 no’lu denklemdeki formiil dikkate alinarak
hesaplamir. Ornegin n 6geden olusan her sik 6ge kiimesi 2" — 2 kural olusturabilir. {A, B, C}
asagidaki gibi gliven puanlarina sahip kurallar olusturabilir:

1-{A, C}—{B}=0.33/0.33=1.0
2-{A, B}—{C}=0.33/0.67=0.5
3-{C, B}—>{A}=0.33/0.33=1.0
4-{A}—{C, B}=0.33/0.83=0.4
5-{C}—{A, B}=0.33/0.33=1.0
6-{B}—~{A,C}=0.33/0.67= 0.5

Ornegin birinci kuralda A ve C alan kisilerin %100 giiven diizeyinde B iiriiniinii aldig1
sOylenebilir. Hesaplanan giiven degerleri icin minimum giiven esigini asamayan alt kiimeler
cikarilir, asanlar ise giiclii kurallar listesine eklenir. Ornegimizde 0,5’in altinda kalan kurallart
elemek istersek dordiincii kural elimine edilecektir (Agrawal ve Srikant, 1994: 5).

3.2.2. FP-Growth Algoritmasi

FP algoritmasi, FP-agaci adi verilen 6zel bir grafik veri yapisi kullanarak islem kayitlarini
sikilagtirarak sik 6ge kiimesini hesaplamanin alternatif bir yolunu saglar. FP-agac1 veri setinin
grafik formatina doniistiiriilmesi olarak diisiiniilebilir. Apriori algoritmasinda kullanilan aday
kiimesi olusturma ve test etme yaklagimindan ziyade, FP-Growth ilk olarak bir FP-agaci olusturur
ve sik 6ge kiimelerini olusturmak igin bu sikilastirilmis agaci kullanir. FP-Growth algoritmasinin
verimliligi, FP-agacinin olusturulmasinda ne kadar sikilagtirmanin elde edilecegine baglidir (Han
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vd., 2000: 1). FP-Growth algoritmasinin etkinligi {i¢ teknikle saglanmaktadir: (1) biiyiik bir veri
tabani, yiiksek oranda yogunlastirilmis, ¢ok daha kiiclik bir veri yapisina sikistirilarak daha
maliyetli tekrarlanan veri tabani taramalar1 onlenir. (2) FP-agaci tabanli algoritma, ¢ok sayida
aday kiimesinin maliyetli bir sekilde olusturulmasini 6nlemek i¢in bir Sriintii pargasi biiylime
yontemini benimser. (3) Kosullu veri tabanlarinda baglantili kaliplarin madenciligi icin
madencilik gorevini daha kii¢iik gérevlerden olusan bir diziye ayirmak i¢in bolimlemeye dayali,
bol ve yonet yontemi kullamilir, bu da arama alanimi énemli dlgiide azaltmaktadir. Ornegin, FP-
Growth algoritmasini kullanarak asagidaki veri tabanindaki tiim sik goriilen 6ge kiimelerini veya
sik goriilen kaliplart minimum destegi %30 olarak sekilde bulmamiz gerekirse, algoritma takip
eden sekilde ¢alismaktadir (Sidhu vd., 2014).

Tablo 4. FP-Growth Oge Kiimesi
Hareket Ogeler
E A D, B)
(D, A, C, E, B)
(C, A B, E)
(B, A D)
(D)
(D, B)
(A, D, E)
8,9

O~NO O WN -

Birinci adimda minimum destek sayis1 hesaplanir. Minimum destek sayis1 (30/100 * 8) =
2,4’tiir hesaplamayi kolaylagtirmak i¢in minimum destek sayis1 3 olarak alinabilir.

Ikinci adimda 6@elerin olusma siklig1 hesaplanir. Ornegin, A dgesi satir 1, satir 2, satir 3,
satir 4 ve satir 7°de yer almaktadir. Veri tabani tablosunda toplam 5 kez gecer. Her bir 6genin
sayilan goriilme sikligini Tablo 5’te gdsterilmistir.

Tablo 5. Oge Goriilme Sikhig

Oge Goriilme Sikhg Siralama Onceligi
A 5 3
B 6 1
C 3 5
D 6 2
E 4 4

Uciincii adimda her bir genin goriilme sikligina gore ncelik verilir. Ornegin B ve D 6gesi
en yliksek goriilme sayis1 nedeniyle en yiiksek oncelige sahip olur. Ayn1 zamanda minimum
destek degerini karsilamayan 6gelerde ¢ikarilir. Veri tabani frekansi bir (1) olan F ¢ikarilir. Bazen
B:6, D:6, A:5, E:4, C:3 seklinde sik goriilme listesi de kullanilabilir.

Dérdiincii adimda geler oncelie gore siralamrlar. Sirali Ogeler siitununda tiim 6geler,
Tablo 5’teki belirtilen dnceligine gore siralanir. Ornegin, satir 1’in siralanmasi durumunda, en
yiiksek oncelikli 6ge B’dir ve bundan sonra sirasiyla D, A, E ve C gelir. Bu adimdan sonra FP-
Growth agaci ¢izilebilir.
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Tablo 6. Sirah Ogeler

Hareket Ogeler Sirali Ogeler
1 E, A D,B B,D,AE
2 D,ACEB B,D,AEC
3 C,ABE B,AE,C
4 B,A D B, D, A
5 D D
6 D, B B, D
7 A D, E D,AE
8 B, C B, C

Agaca birinci satirdaki 6geler sirastyla eklenir bu islem son satirdaki 6gelerin eklenmesiyle
son bulur. Sirali 6gelerin eklenmesiyle agac siirekli giincellenir. Ornegin tablo 6’daki birinci
satirdaki sirali 6geler eklendiginde B:1, D:1, A:1 ve E:1 agac1 olusur. Sonrasinda ikinci satirdaki
siral1 dgelerin eklenmesiyle B:2, D:2, A:2, E:2 ve C:1 agaci olusur. Ugiincii satirda ise agagta yeni
bir dal olusturulmalidir. Ciinkii B ile baslayan {igiincii satirda ikinci 6ge A oldugu i¢in mevcut
dalda D’yi gegerek A’ya baglanti kurulamaz. Bunun i¢in B’den baslayarak yeni bir A, E ve C dal
olusturulmalidir. Bu durumda B:3, A:1, E:1 ve C:1 bir dal olusur. Dordiincii sirali 6geler igin ise
yine B:4, D:3 ve A:3 diigiimii olugsmaktadir. Besinci sirali 6gede ise D:1 diiglimii, altinci siralt
0gede B:5 ve D:4 yedinci sirali 6gede D:2, A:1 ve E:1 diiglimii olusur. Son sirali 6ge igin yine
B’den yeni bir C:1 diigimii olusur. Sonugta B:6 ve C:1 dali olusur. Bu asamalardan sonra FP-
Growth agac1 Sekil 2°deki gibi olacaktir.

/ B:6
|
C:1 D4 D:2
| |
Al Al
Al | |
l = E:l
E:1 |
| C:1
C:1

Sekil 2. FP-Growth Agaci

Bu asamadan sonra FP agacindan sik kullanilan kaliplar bulunmalidir. Burada siklik
kaliplarinin (FP) tablo 5’teki verilen dnceliklere gore tanimlandigina dikkat edilmelidir. Yani
FP’leri gbzlemlemek icin asagidan yukariya, C’den B’ye gitmemiz gerekir. Oncelikle C:3 igin
kosullu kaliplarin bulunmasi1 gerekir. C:3 C’nin goriilme sikligim temsil etmektedir. Biitiin

e
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C’lerden hareket edersek ii¢ adet dal elde edilir. Bunlar, BDAE:1, B:1 ve BAE:1 seklindedir. Bu
dallar C i¢in Kosullu Desen Tabani olarak kabul edilir. Burada {i¢ 6nemli husus vardir: (1)
Asagidan yukariya dogru hareket etsek bile dallar1 yukaridan asagiya dogru yazilmali, (2) C
almmamali ve (3) Her dalda C’nin goriilme sikligini temsil etmek i¢in her dalin ardindan 1 sayist
yazilir. Bu da C’nin goriilme sikligin1 yani 3’1 temsil etmektedir.

Daha sonra C’nin kosullu desen tabanindan FP listesinin bulunmasi gerekir. BDAE:1, B:1
ve BAE:1 dikkate alarak goriilme siklig1 su sekilde olusur. B:3, D:1, A:2 ve E:2 seklindedir.
Ancak 6rnegimizde minimum destek sayisim1 B karsiladigindan, B:3 yalnizca FP listesinde yer
almaya uygundur. C i¢in kosullu FP agaci C:3, BC:3 seklinde olusur. Benzer sekilde E igin
kosullu FP agaci ise soyle olusur: BDA:2, BA:1 ve DA:1’dir. Buradan FP listesi A:4, B:3 ve
D:3’tir.

Sonug olarak diger 6ge kiimeleri i¢in bu prosediir isletilerek kosullu FP agact minimum
%30 destek seviyesi ile sik 6ge kiimeleri soyle olusmaktadir: C:3, BC:3, DE:3, ADE:3, BE:3,
ABE:3, AE:4, E:4, AD:4, ABD:3, AB:4, A:5, D:6, BD:4, B:6. Bu kosullu sik 6ge kiimelerinin
say1s1 destek seviyesinin yiikseltilmesiyle daha az olacaktir.

3.2.3. Apriori ve FP-Growth Algoritmalarimin Karsilastirilmasi

Apriori algoritmasi, tekli 6ge kiimesi, ikili 6ge kiimesi, liglii 6ge kiimesi gibi eslestirmeleri
kullanarak 6ge kiimelerinin sik Oriintiilerini olusturmaktadir. FP-Growth algoritmasi ise sik
kaliplar olusturmak icin bir FP agaci olusturmaktadir. Apriori algoritmasi, sik goriilen alt
kiimelerin her defasinda bir 6ge olarak genisletildigi aday olusturmayi kullanmaktadir. FP-
Growth algoritmas1 ise, verilerdeki her 6ge i¢in kosullu FP agaci olusturmaktadir. Apriori
algoritmasi, veri tabanini her adiminda taradigindan, 6ge sayisinin daha fazla oldugu veriler i¢in
zaman alict hale gelir. FP agaci ise, baslangi¢ adimlarinda veri tabaninin yalnizca bir kez
taranmasini gerektirir, boylece daha az zaman harcamaktadir. Apriori algoritmasi veri tabaninin
dondstiirilmis bir versiyonunu bellege kaydeder. FP Growth algoritmasi ise her 6ge igin kosullu
FP agaci seti bellege kaydedilir. Apriori algoritmasi genislik dncelikli aramay1 kullanirken, FP-
Growth algoritmasi ise derinlik oncelikli aramay1 kullanmaktadir (Kocabiyik vd., 2021).

Her iki algoritmanin teknige, bellek kullanimina, tarama sayisina ve tiiketilen siireye dayali
karsilagtirmalar1 ise sOyledir (Kavitha ve Selvi, 2016: 163):

Teknik: Apriori algoritmast, sik goriilen kaliplari tespit etmek i¢in Apriori 6zelligini yani
birlestirme 6zelligini kullanirken, FP-Growth algoritmasi ise minimum destegi karsilayan veri
tabanindan kosullu bir desen kisitlamasi olmadan kosullu desen tabani olusturmaktadir.

Arama Tiirii: Apriori algoritmasi genislik 6ncelikli arama yontemini kullanirken, FP-
Growth algoritmasi bol ve yonet yontemini kullanmaktadir.

Bellek Kullanimi: Apriori algoritmasi, ¢cok sayida aday 6ge kiimesi iiretimiyle ugrastigi
i¢in genis bellek alanina ihtiya¢ duymaktadir. Buna karsin FP-Growth algoritmasi, kompakt
yapist nedeniyle daha az bellek gerektirir ve aday 6ge kiimesi olusturmadan sik 6ge kiimelerini
kesfeder.

Tarama Sayisi: Apriori algoritmast aday kiimesi olusturmak i¢in birden fazla tarama
gerceklestirir. FP-Growth algoritmasi veri tabanimi yalnizca iki kez tarar.

197



B.S. Eren, “Emtia Piyasalarinin Birlikte Hareketlerinin Veri Madenciligi ile Incelenmesi”

Zaman: Apriori algoritmasinda yiiriitme siiresi her seferinde adaylarin iiretilmesinde daha
fazla israf edilir. FP-Growth algoritmasinin yiiriitme siiresi Apriori algoritmasina kiyasla daha
kisadir.

4. Veri Seti ve Veri On isleme

Calismanin ham veri seti 01.01.2010-01.08.2023 tarihleri arasindaki 20 farkli vadeli emtia
fiyatinin giinliik kapanis fiyatindan olugsmaktadir. Caligmanin tiim verileri NASDAQ’dan (2024)
elde edilmistir. Bu emtialar Tablo 7°de gosterilmistir.

Tablo 7. Analiz Kapsamina Déhil Edilen Emtialar

Degerli Metaller Bitkiler Hububat Enerji Etler
Altin Kahve Bugday Brent Petrol Sigir
Glmds Kakao Misir Ham Petrol WTI

Bakir Pamuk Soya Fasulyesi Dogalgaz

Platin Seker Celtik

Paladyum Kereste

Cinko

Nikel

Calismada 20 emtianin giinliik kapanis fiyatlar1 3405 giinlilk ham veriden olusmaktadir.
Birliktelik analizi i¢in ham verilerin bazilar1 farkli giinlerde de islem gordiigiinden tiim
degiskenlerin ayni giinlerde islem gordiigii giinler alinmistir. Bunun sonucunda analiz i¢in toplam
3216 iglem giinii dikkate alinmigtir. Calismada kullanilan verilerin birliktelik kurali yontemi ile
analiz edilebilmesi i¢in ham verilerin kategorik (nominal) veriye doniistiiriilmesi gerekmektedir.
Bu dogrultuda 20 emtianin kapanis fiyatlar dikkate almarak her emtianin MS Excel’de giinliik
getirileri hesaplanmustir. Sonraki adimda ise yine MS Excel’de “EGER” fonksiyonu kullamlarak
eger getiri pozitif (1) ise 1 negatif (]) ise 0 kategorik deger ile gosterilmistir. Bu kategorik veri
ornegi Tablo 8’de sadece degerli metaller ile ilgili olarak gosterilmistir. Diger tiim emtialar da bu
sekilde kategorik veriye doniistiiriilmiistiir. Daha sonra elde edilen veri seti, arff formatina ¢evrilip
WEKA paket programina yiiklenmistir. Bu asamadan sonraki adimda kategorik veriler WEKA
3.9.6 paket programina tanitilarak analizler gergeklestirilmistir. Caligmada analizler Apriori ve
FP-Growth algoritmasi olmak tizere iki farkli algoritma kullanilarak gergeklestirilmistir.

Tablo 8. Birliktelik Kurali Analizine Ait Veri Setinin Diizenlenmesi

Altin Giimiis Bakir Platin Paladyum Cinko Nikel
1 0} 11 0l 11 0l 11 11
2 11 0} 0} 11 11 0l 0l
3 0} 11 11 11 11 11 11
3216 0) 11 0l 11 0) 1 11
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5. Analiz Sonuclar

Calismada oncelikle hem Apriori hem de FP-Growth algoritmasina gore en diisiik 0.95
giiven diizeyinde ve ii¢ farkli destek (0.25, 0.30 ve 0.40) seviyesinde birliktelik kurallar1 elde
edilmistir. Birliktelik kural1 analizi sonucunda farkli destek degerleri diizeyinde ortaya ¢ikan kural
sayilar1 Tablo 9°da ve Ekte yer alan Grafik 1,2 ve 3’te gosterilmektedir. Tablo 9°da hem Apriori
hem de FP-Growth algoritmasi ile gergeklestirilen birliktelik kurallarinda Brent petroliin tiim
diger emtialarla birlikte hareket ettigi goriilmektedir.

Tablo 9. Farkh Destek ve 0.95 Giiven Degerlerine Gore Ortaya Cikan Kural Sayisi

Destek Seviyesi
Emtialar min 0.25 min 0.3 min 0.4
(100 Kural) (20 Kural) (16 Kural)
Giiven Giiven Diizeyi Giiven
min 0.95 min 0.95 min 0.95

Apriori FP-Growth  Apriori  FP-Growth Apriori FP-Growth

Altin 8 8 1 1 0 1
Glmiis 9 6 1 2 1 1
Bakir 10 13 2 3 1 1
Platin 12 0 4 0 1 0
Paladyum 6 0 2 0 1 0
Cinko 4 1 1 0 1 0
Nikel 8 9 0 1 0 1
Kahve 14 15 1 1 1 1
Kakao 16 16 1 1 1 2
Pamuk 8 11 1 1 1 1
Seker 7 10 0 1 0 1
Kereste 2 4 1 1 1 1
Bugday 13 12 2 2 1 1
Misir 13 16 3 3 1 1
Soya Fasulyesi 8 12 2 2 1 1
Celtik 14 14 1 1 1 1
Brent Petrol 100 100 20 20 16 16
Ham Petrol WTI 17 15 2 2 1 1
Dogalgaz 12 12 1 1 1 1
Sigir 9 13 0 1 0 1

Tablo 9’da 0.25 destek (support) seviyesinde ve 0.95 giiven (confidence) diizeyinde hem
Apriori hem de FP-Growtth algoritmalari ile elde edilen toplam 100 kuralin tiimiinde brent
petroliin diger emtialarla birlikte hareket ettigi goriilmektedir. Apriori algoritmas: ile
gerceklestirilen birliktelik kurallarinda brent petrol ile en fazla birlikte hareket eden {i¢ emtia
sirastyla ham petrol WTI (17), kakao (16) ve celtik (14) olmustur. FP-Growtth algoritmasi
birliktelik kurallarinda ise brent petrol ile en fazla birlikte hareket eden emtilar sirasiyla Misir
(16), Kakao (16) ve Ham Petrol WTI (15) olmustur. 0.30 destek (support) seviyesinde ve 0.95
giiven (confidence) diizeyinde Apriori algoritmasi ile elde edilen birliktelik kurallarinda brent
petrolle en fazla birlikte hareket eden ilk iki emtia platin (4) ve musir (3) olmustur. FP-Growtth
algoritmasi birliktelik kurallarinda ise Brent petrol ile en fazla birlikte hareket eden emtilar
sirastyla Bakir (3) ve Misir (3) olmustur. 0.40 destek (support) seviyesinde ve 0.95 giiven
(confidence) diizeyinde hem Apriori hem de FP-Growtth algoritmalari ile elde edilen birliktelik
kurallarinin gogunlukla benzer sonuglar tirettigi goriillmektedir. 0.25 destek (support) seviyesinde
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ve 0.95 giiven (confidence) diizeyinde hem Apriori hem de FP-Growtth algoritmalari ile elde
edilen birliktelik kurallarinda brent petrol bitki ve hububat emtilar1 ile daha sik goriilmiistiir.

5.1. Apriori Algoritmasi Sonuclari

Apriori algoritmast ile dncelikle %100 giiven (Confidence) diizeyinde birliktelik analizi icin
WEKA 3.9.6 paket programinda veri analize sokulmug ancak bir kural tespit edilememistir. Daha
sonra % 98 giiven (confidence) ve %10 destek (support) diizeyi temel alinarak toplam 100 kural
iiretilmis ve en yiiksek gliven seviyesine sahip ilk 25 adet ii¢ degiskenli ve dort degiskenli kurallar
Tablo 10’da gosterilmistir. Tablo 10 incelendiginde ilk iki birliktelik kuralinin %99 giiven
diizeyinde, digerlerinin ise % 98 giiven diizeyinde oldugu goriilmektedir.

Tablo 10. Apriori Algoritmasi U¢ ve Dort Degiskenli i1k 25 Kural

Birliktelik Kurallar: Conf Lift. Conv.

1 BAKIR 1 PLATIN | SIGIR 1 335 > BRENT 1331 099 104 321
2 PLATIN | CINKO 1 KAKAO 1 366 — BRENT 1361 099 104 2.92
3 PLATIN | KAKAO 1 SIGIR 1 388 > BRENT 1382 098 103 2.65
4 PALADYUM | KAKAO 1 SIGIR 1 369 — BRENT 1 363 098 1.03 252
5 PLATIN | NIKEL 1 KAKAO 1 362 — BRENT 1 356 0.98 1.03 2.48
6 PLATIN | SOYA 1 PAMUK | 359 — BRENT 1 353 0.98 1.03 2.46
7 PLATIN | DOGALGAZ 1 SIGIR 1 416 — BRENT 1 409 0.98 1.03 2.49
8 BAKIRT DOGALGAZT BUGDAY 1 MISIRt 342 — BRENT 1 336 098 1.03 2.34
9 PLATIN | SOYA 1 SIGIR 1 398 — BRENT 1 391 098 1.03 2.38
10 PALADYUM | CINKO 1 KAKAO 1 341 >BRENT 1335 098 103 2.33
11 PALADYUM | CINKO | SOYA 1 339 > BRENT 1333 098 103 2.32
12 PLATIN | WTI 1 CELTIK 1 338 — BRENT 1 332 0.98 1.03 231
13 WTI 1 CINKO | BUGDAY 1 389 »BRENT 1382 098 103 2.33
14 PLATIN | KAHVE 1 SIGIR 1 388 — BRENT 1 381 0.98 1.03 2.32
15 PALADYUM | BUGDAY 1 KAKAO 1 332 — BRENT 1 326 0.98 1.03 2.27
16 CINKO | BUGDAY t PAMUK 1t 387 — BRENT 1 380 098 1.03 2.32
17 PALADYUM | SOYA 1 KAKAO 1 331 — BRENT 1 325 098 1.03 2.26
18 SOYA 1 PAMUK | SIGIR | 331 — BRENT 1 325 098 1.03 2.26
19 CINKO | BUGDAY 1t MISIR 71 SIGIR 1 329 — BRENT 1 323 098 1.03 2.25
20 DOGALGAZ 1 CINKO | SOYA 1 433 — BRENT 1 425 098 1.03 23

21 PLATIN | WTI 1 SOYA 1 375 >BRENT 1368 098 103 2.24
22 PLATIN | WTI 1 SEKER 1 355 >BRENT 1348 098 103 2.12
23 BAKIR 1 BUGDAY 1 MISIR 1 KAKAO 1 354 »BRENT 1347 098 103 2.12
24 CINKO | BUGDAY 1 MISIR 1 SOYA 1 400 > BRENT 1392 098 1.03 213
25 MISIR 1 KAKAO 1 SEKER | 350 — BRENT 1 343 0.98 1.03 2.09

Not: 1 yonlii ok emtianin giinliik getirisinin pozitif, | yonlii ok emtia fiyatinin getirisinin negatif
oldugunu gostermektedir. — ise birlikte harekete eslik eden emtiayr gostermektedir. (Conf: giiven
diizeyini, lift: birlikte hareket etme katsayis1 ve Conv: iliski diizeyini gostermektedir.)

Kural 1 incelendiginde; bakir ve sigir emtialarindaki artis ve platin emtiasindaki azalisin
birlikte 335 giin birlikte hareket ettigi goriilmektedir ve bu birliktelige Brent petrol 331 giin artis
yoniinde eslik etmistir. Bu kuralin giiven diizeyi, 331/335 islem sonucunda %99 olarak
hesaplanmigtir. Kural 2 incelendiginde; ¢inko ve kakao emtialarindaki artis ve platin emtiasindaki
azaligin birlikte 336 giin hareket ettigi goriilmektedir ve bu birliktelige Brent petrol 361 giin artis
yoniinde eslik etmistir. Bu kuralin giiven diizeyi, 361/366 islem sonucunda %99 olarak
hesaplanmistir. Kural 3 incelendiginde; kakao ve sigir emtialarindaki artis ve platin emtiasindaki
azaligin birlikte 388 giin hareket ettigi goriilmektedir ve bu birliktelige Brent petrol 382 giin artig
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yoniinde eslik etmistir. Bu kuralin giiven diizeyi, 382/388 islem sonucunda %98 olarak
hesaplanmustir. Diger tiim birliktelik kurallarinda Brent petroliin diger emtialara eslik ettigi
goriilmektedir. Bu durum Brent petroliin emtialar arasinda belirleyici oldugunu gostermektedir.

Ikinci asamada apriori algoritmasi ile giiven (confidence) diizeyi %90 ve %25 destek
(support) diizeyi temel alinarak elde edilen 100 kuraldan ilk 25 ii¢ degiskenli kurallar Tablo 11°de
gosterilmistir. Tablo 11 incelendiginde ilk bes birliktelik kuralinin %97 giiven diizeyinde,
digerlerinin ise %96 giiven diizeyinde oldugu goriilmektedir.

Kural 1 incelendiginde; platin ve bugday emtialarindaki 848 giin birlikte azalisina Brent
petrol 820 giin artig yoniinde eslik etmistir. Bu kuralin giiven diizeyi, 820/848 islem sonucunda
%97 olarak hesaplanmistir. Kural 2 incelendiginde; celtik ve kakao emtialarindaki 847 giin
birlikte artisina Brent petrol 819 giin artis yoniinde eslik etmistir. Bu kuralin giiven diizeyi,
819/847 islem sonucunda %97 olarak hesaplanmustir. Kural 3 incelendiginde; WTI ve celtik
emtialarindaki 869 giin birlikte artisina Brent petrol 840 giin artis yoniinde eslik etmistir. Bu
kuralin giiven diizeyi, 840/869 islem sonucunda %97 olarak hesaplanmigtir. Diger tiim birliktelik
kurallarinda Brent petroliin diger emtialara eslik ettigi goriilmektedir. Bu durum Brent petroliin
emtialar arasinda belirleyici oldugunu gostermektedir.

Tablo 11. Apriori Algoritmasi iki Degiskenli ilk 25 Kural

Birliktelik Kurallar: Conf Lift. Conv.

1 PLATIN | BUGDAY | 848 — BRENT 1820 0.97 1.02 14

2 CELTIK 1 KAKAO 1 847 — BRENT 1819 0.97 1.02 14

3 WTI 1 CELTIK 1 869 — BRENT 1840 0.97 1.02 1.39
4 BUGDAY 1 KAKAO 1 838 — BRENT 1809 0.97 1.01 134
5 DOGALGAZ 1 CELTIK 1 836 — BRENT 1807 0.97 1.01 1.33
6 WTI 1 BUGDAY 1 851 — BRENT 1821 0.96 1.01 131
7 BAKIR 1 MISIR 1 933 — BRENT 1900 0.96 1.01 1.31
8 DOGALGAZ t KAKAO t 848 — BRENT 1818 0.96 1.01 131
9 BAKIR 1 KAKAO 1 918 — BRENT 1885 0.96 1.01 1.29
10 CELTIK 1 KAHVE 1 860 — BRENT 1829 0.96 1.01 1.29
11  MISIR 1 KAKAO 1 880 — BRENT 1848 0.96 1.01 1.28
12 BAKIR 1 DOGALGAZ 1 878 — BRENT 1846 0.96 1.01 1.27
13 ALTIN 1 CELTIK 1 856 — BRENT 1824 0.96 1.01 124
14  GUMUS | PALADYUM | 976 — BRENT 1939 0.96 1.01 1.23
15 PAMUK 1 KAKAO 1 867 — BRENT 1834 0.96 1.01 1.22
16 CELTIK 1 MISIR 1 945 — BRENT 1909 0.96 1.01 1.22
17 DOGALGAZ 1 NIKEL 1 840 — BRENT 1808 0.96 1.01 1.22
18 PLATIN | PAMUK | 866 — BRENT 1833 0.96 1.01 1.22
20 DOGALGAZ 1 SIGIR 1 885 — BRENT 1851 0.96 1.01 121
21 SOYA 1t KAKAO 1 904 — BRENT 1869 0.96 1.01 1.2

22  DOGALGAZ 1 PAMUK 1 850  — BRENT 1817 096 101 1.2

23 PLATIN | PALADYUM | 1056 — BRENT 11015 0.96 1.01 1.2

24 KAKAO 7 KERESTE 1 871 — BRENT 1837 0.96 1.01 1.19
25 ALTIN | PALADYUM | 921 — BRENT 1885 0.96 1.01 1.19

Not: 1 yonlii ok emtianin giinliik getirisinin pozitif, | yonlii ok emtia fiyatinin getirisinin negatif
oldugunu gostermektedir. — ise birlikte harekete eslik eden emtiay1r gostermektedir. (Conf: giiven
diizeyini, lift: birlikte hareket etme katsayis1 ve conv: iliski diizeyini gdstermektedir.)
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5.2. FP-Growth Algoritmasi Sonuclari

FP-Growth algoritmasi ile 6ncelikle %100 giiven (confidence) diizeyinde birliktelik analizi
icin WEKA 3.9.6 paket programinda veri analize sokulmus ancak bir kural tespit edilememistir.
Daha sonra %97 giiven (confidence) diizeyi ve %10 destek (support) seviyesi temel alinarak
toplam 77 adet dort degiskenli ve bes degiskenli kurallar elde edilmis ve bu kurallardan en yiiksek
giiven diizeyine sahip ilk 25 tanesi Tablo 12°de gosterilmistir. Tablo 12 incelendiginde ilk 18
birliktelik kuralimin %98 giiven diizeyinde, digerlerinin ise %97 giliven diizeyinde oldugu
goriilmektedir.

Kural 1 incelendiginde; msir, bakir, dogalgaz ve bugday emtialarindaki 342 giin birlikte
artigina Brent petrol 336 giin artis yoniinde eslik etmistir. Bu kuralin giiven diizeyi, 336/342 islem
sonucunda %98 olarak hesaplanmistir. Kural 2 incelendiginde; misir, kakao, bakir ve bugday
emtialarindaki 354 giin birlikte artigina Brent petrol 347 giin artis yoniinde eslik etmistir. Bu
kuralin giiven diizeyi, 347/354 islem sonucunda %98 olarak hesaplanmistir. Kural 3
incelendiginde; WTI, musir, glimis ve celtik emtialarindaki 344 giin birlikte artisina Brent petrol
337 giin artis yoniinde eslik etmistir. Bu kuralin giiven diizeyi, 337/344 islem sonucunda %98
olarak hesaplanmistir. Diger tiim birliktelik kurallarinda Brent petroliin diger emtialara eslik ettigi
goriilmektedir. Bu durum Brent petroliin emtialar arasinda belirleyici oldugunu gostermektedir.

Tablo 12. FP Growth Algoritmasi ile Elde Edilen Ug, Dort ve Bes Degiskenli ilk 25 Kural
Birliktelik Kurallar: Conf Lift. Conv.

1 MISIR 1 BAKIR {DOGALGAZ 1BUGDAY 1 342 — BRENT 1336 0.98 103 2.34
2 MISIR 1 KAKAO 1 BAKIR 1 BUGDAY 1 354 — BRENT 1347 098 1.03 212
3 WTI 1 MISIR 1 GUMUS 1 CELTIK 1 344 —»BRENT 1337 098 1.03 2.06
4 WTI 1 MISIR { KAHVE 1 CELTIK 1 337 > BRENT 1330 098 1.03 2.02
5  WTI 1 MISIR 1 PAMUK 1 BUGDAY 1 385 > BRENT 1377 098 103 2.05
6 WTI 1 MISIR 1 CELTIK 1 BUGDAY 1 379 > BRENT 1371 098 1.03 2.02
7  MISIR 1 BAKIR 1 CELTIK 1 BUGDAY 1 371 > BRENT 1363  0.98 1.03 197
8  WTI 1 MISIR 1 BAKIR 1 BUGDAY 1 407 —BRENT 1398 098 103 1.95
9  WTI 1 MISIR 1 DOGALGAZ 1 BUGDAY 1 359 — BRENT 1351 098 103 1.1
10 WTI 1 MISIR 1 PAMUK 1 CELTIK 1 351 - BRENT 1343 098 103 1.87
11 MISIR 1 KAKAO 1 PAMUK 1 BUGDAY 1 344 —»BRENT 1336 098 103 1.83
12 MISIR 1 KAKAO 1 BAKIR 1 KAHVE 1 338 > BRENT 1330 098 1.03 18

13 KAKAO 1 KERESTE 1 CELTIK 1 464 — BRENT 1453 098 103 1.85
14 WTI 1 BAKIR 1 SEKER 1 BUGDAY 1 331 > BRENT 1323 098 102 1.76
15 MISIR} KAKAOT DOGALGAZ{BUGDAY 1 331 — BRENT 1323 098 102 1.76
16 SOYA 1 MISIR 1 KAKAO 1 BAKIR 1 412 —»BRENT 1402 098 1.02 1.79
17 ALTIN 1 MISIR 1 CELTIK 1 BUGDAY 1 366 — BRENT 1357 098 1.02 1.75
18 MISIR 1 KAKAO 1 BAKIR 1 527 >BRENT 1514 098 102 18

19 MISIR 1 GUMUS 1 KAKAO 1 BUGDAY 1 359 — BRENT 1350  0.97 102 1.72
20 KAKAO 1 BAKIR 1 BUGDAY 1 478 — BRENT 1466 097 1.02 1.76
21 SIGIR 1 MISIR 1 BAKIR 1 BUGDAY 1 353 —» BRENT 1344 097 102 1.69
22 'WTI 1 MISIR 1 BAKIR 1 DOGALGAZ 1 352 > BRENT 1343 097 102 1.69
23 KAKAO 1 KAHVE 1 CELTIK 1 507 —» BRENT 1494 097 102 1.73
24 WTI 1 PAMUK 1 BUGDAY 1 502 — BRENT 1489 097 102 1.72
25 WTI 1 KAHVE 1 CELTIK 1 496 — BRENT 1483 097 1.02 1.7

Not: 1 yonli ok emtianin giinliik getirisinin pozitif, | yonli ok emtia fiyatinin getirisinin negatif
oldugunu gostermektedir. — ise birlikte harekete eslik eden emtiay1 gostermektedir. (Conf: giiven
diizeyini, lift: birlikte hareket etme katsayisit ve Conv: iliski diizeyini gostermektedir.
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Ikinci asamada minimum %90 giiven (Confidence) diizeyi ve %10 destek (support)
seviyesi temel alinarak toplam 100 kural elde edilmis ve bu 100 kuralin ilk 25 tanesi Tablo 13’te
gosterilmistir. Tablo 13 incelendiginde ilk 4 birliktelik kuralinin %97 giiven diizeyinde,
digerlerinin ise %96 giiven diizeyinde oldugu goriilmektedir.

Tablo 13. FP Growth Algoritmasi ile Elde Edilen U¢ Degiskenli ilk 25 Kural

Birliktelik Kurallar1 Conf Lift. Conv.

1 KAKAO 1 CELTIK 1 847 — BRENT 1819 097 102 14

2  WTI 1 CELTIK? 869 — BRENT 1840 097 102 139
3 KAKAO 1 BUGDAY 1 838 — BRENT 1809 097 101 134
4 DOGALGAZ 1 CELTIK 1 836 — BRENT 1807 097 101 133
5 WTI t BUGDAY 1 851 — BRENT 1821 096 101 131
6 MISIR 1 BAKIR 1 933 — BRENT 1900 096 101 131
7 KAKAO 1t DOGALGAZ 1 848 — BRENT 1818 096 101 131
8 KAKAO 1 BAKIR 1 918 — BRENT 1885 096 1.01 1.29
9 KAHVE 1 CELTIK 1 860 — BRENT 1829 096 1.01 1.29
10 MISIR 1 KAKAO 1t 880 — BRENT 1848 096 1.01 1.28
11 BAKIR 1 DOGALGAZ 1 878 — BRENT 1846 096 1.01 1.27
12 ALTIN 1 CELTIK 1 856 — BRENT 1824 096 101 1.24
13 KAKAO 1 PAMUK 1 867 — BRENT 1834 096 1.01 1.22
14 MISIR 1 CELTIK 1 945 — BRENT 1909 096 101 1.22
15 NIKEL 1t DOGALGAZ 1 840 — BRENT 1808 096 101 1.22
16 SIGIR 1t DOGALGAZ 1 885 — BRENT 1851 096 101 121
17 SOYA 1 KAKAO 1 904 — BRENT 1869 096 101 1.2

18 PAMUK 1 DOGALGAZ 1 850 — BRENT 1817 096 101 1.2

19 KAKAO 1 KERESTE 1 871 — BRENT 1837 096 101 1.19
20 BAKIR 1 KAHVE 1 919 — BRENT 1883 096 1.01 1.19
21 SIGIR 1 KAKAO 1 913 — BRENT 1877 096 1.01 1.18
22 SIGIR 1 BUGDAY 1 887 — BRENT 1852 096 1.01 1.18
23 KAKAO 1 KAHVE 1 937 — BRENT 1900 096 1.01 1.18
24 MISIR 1 DOGALGAZ 1t 881 — BRENT 1846 096 1.01 1.17
25 WTI 1 SEKER 1 926 — BRENT 1889 096 101 1.17

Not: 1 yonlii ok emtianin giinliik getirisinin pozitif, | yonlii ok emtia fiyatinin getirisinin negatif
oldugunu gostermektedir. — ise birlikte harekete eslik eden emtiay1 géstermektedir.
(Conf: giiven diizeyini, lift: birlikte hareket etme katsayist ve Conv: iligki diizeyini gostermektedir.)

Kural 1 incelendiginde; kakao ve ¢eltik emtialarindaki 847 giin birlikte artisina Brent petrol
819 giin artis yoniinde eslik etmistir. Bu kuralin giiven diizeyi, 819/847 islem sonucunda %97
olarak hesaplanmistir. Kural 2 incelendiginde; WTI ve celtik emtialarindaki 869 giin birlikte
artigina Brent petrol 840 giin artis yoniinde eslik etmistir. Bu kuralin giiven diizeyi, 840/869 islem
sonucunda %97 olarak hesaplanmistir. Kural 3 incelendiginde; kakao ve bugday emtialarindaki
838 giin birlikte artisina Brent petrol 809 giin artis yoniinde eslik etmistir. Bu kuralin giiven
diizeyi, 809/838 islem sonucunda %97 olarak hesaplanmustir. Diger tiim birliktelik kurallarinda
Brent petroliin diger emtialara eslik ettigi goriilmektedir. Bu durum brent petroliin emtialar
arasinda belirleyici oldugunu gostermektedir.

6. Sonuc¢

Emtia piyasalarinin 2000’li yillarin basinda finansallasmasi ile birlikte, emtia piyasalarina
yapilan yatirimlarda biiyiik artig yasanmis ve sunduklari ¢esitlendirme firsatlari nedeniyle kiiresel
yatinmcilarin ilgisini ¢ekmeye baslamiglardir. Dolayisiyla emtialar, yatirimcilar tarafindan
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Ozellikle portfoy ¢esitlendirme ve enflasyona karsi korunmak i¢in alternatif bir varlik sinifi olarak
goriilmiistiir. Bu ylizden emtialar bir¢ok yatirimei igin giivenli liman ve riskten korunmak igin en
iyi alternatif olarak goriilmektedir. Gliniimiizde yatirimcilar, finansal piyasalardaki varliklarin
hangi yonde hareket ettigini yakindan takip etmektedir. Ozellikle kiiresel finans piyasalarinin
entegrasyonu, finansal piyasalar1 daha fazla birlikte hareket etme kabiliyetini artirmaktadir. Bu
dogrultuda yatirimcilarin 6zellikle riskten ve enflasyondan korunmak igin portfoylerine yeni
varlik siniflarini ekleme istahi giderek artmaktadir. Dolayistyla yatirimeilarin bir borsanin diisiisii
veya yiikselisi sonrasinda diger borsalarin veya finansal varliklarin hangi yone dogru hareket
edecegini Ongdrmesi, hizli ve etkili kararlar almasinda kritik 6neme sahiptir. Emtialar arasindaki
ortak hareket, iki veya daha fazla emtianin birlikte hareket etmesi ve bir emtia fiyatinin artis veya
azalig1 diger emtialan etkilediginde bu durum emtia vadeli islem piyasalarindaki tiiccarlara ve
yatirimcilara degerli bilgiler sunabilir.

Spekiilatorler, risk yonetimi, riskten korunma stratejileri ve varlik fiyatlandirmasi igin
vadeli islem piyasalarinda spekiilasyon yapmak amaciyla fiyat hareketleri ve bunlarin baglantilar
hakkinda bilgi edinmek isterken (Chao vd., 2021; Kou vd., 2021), tiiccarlar ise fiyat hareketlerini
tahmin edebilmek i¢in belirli emtialarin fiyatlar1 arasindaki baglantiyr bilmek isterler. Petrol,
enerji kaynagi olarak en yaygin kullanilan emtia oldugundan, enerji maliyetleri ve dolayisiyla
iiretim maliyetleri araciligiyla hemen hemen diger tiim emtialarla baglantis1 vardir. Bu nedenle
petrol fiyatlar1 diger birgok emtia iizerinde yayilma etkisine sahiptir. Bu durum tiretim maliyetleri,
yurt i¢i enflasyon ve doviz kurlar1 araciligiyla petrol fiyatlarmin kiiresel ekonomideki 6nemini
arttirmaktadir.

Bu c¢aligmada 20 emtia piyasasinin birlikte hareketleri veri madenciligi yontemlerinden
birliktelik kurali ile analiz edilmistir. Analizler i¢in 20 emtianin 01.01.2010-01.08.2023 tarihleri
arasindaki 3.216 giinliik kapanis fiyatlart dikkate alinmistir. Calismada analizler igin literatiirde
siklikla kullanilan birliktelik kurali algoritmalarindan Apriori ve FP-Growth algoritmalar
kullantlmgtr.

Apriori algoritmast ile dncelikle % 98 giiven (confidence) ve %10 destek (support) diizeyi
temel alinarak toplam 100 kural {iretilmis ve en yiiksek giiven seviyesine sahip ilk 25 adet ii¢
degiskenli ve dort degiskenli kurallarin tiimiinde Brent petroliin diger emtialara eslik ettigi
goriilmiistiir. Brent petrolden sonra ilk 25 kuralda en yiiksek goriilme sikligi platin 11, kakao 9,
sigir 8, ¢inko 8, soya 8, bugday 7, paladyum 5, misir 5, WTI 4, pamuk 3, dogalgaz 3, bakir 3,
seker 2, kahve 1, nikel 1 ve geltik 1 kuralda goriilmiistiir. Apriori algoritmasi ile ikinci asamada
giiven (confidence) diizeyi %90 ve %25 destek (support) diizeyi temel alinarak elde edilen 100
kuraldan ilk 25 iki degiskenli kurallarin tiimiinde de yine Brent petroliin diger emtialar eslik ettigi
goriilmiistiir. Brent petrolden sonra en yiiksek goriilme siklig1 kakao 8, dogalgaz 6, celtik 6, platin
4, bugday 3, paladyum 3, misir 3, pamuk 3, bakir 3, WTI 2, kahve 1, nikel 1, altin 1, sigir 1, soya
1, giimiis 1 ve kereste 1 kuralda gorilmiistiir.

FP-Growth algoritmasi ile oncelikle %97 giiven (confidence) diizeyi ve %10 destek
(support) seviyesi temel alinarak toplam 77 adet dort degiskenli ve bes degiskenli kurallar elde
edilmis ve bu kurallardan en yiiksek giiven diizeyine sahip ilk 25 kuralin tiimiinde Brent petroliin
diger emtialara eslik ettigi tespit edilmistir. Brent petrolden sonra en yiiksek goriilme siklig1 misir
19, bugday 15, bakir 11, WTI 11, kakao 10, geltik 9, dogalgaz 4, kahve 4, pamuk 4, giimiis 2,
kereste 1, soya 1, altin 1, sigur 1 ve seker 1 kuralda gdzlemlenmistir. Ikinci asamada minimum
%90 giiven (confidence) diizeyi ve %10 destek (support) seviyesi temel alinarak iki ve {i¢
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degiskenli toplam 100 kural elde edilmis ve ilk 25 kuralin tiimiinde Brent petroliin diger emtialara
eslik ettigi goriilmiistiir. Brent petrolden sonra en yiiksek goriilme siklig1 kakao 11, dogalgaz 7,
celtik 6, misir 4, bakir 4, bugday 3, sigir 3, kahve 3, WTI 2, pamuk 2, soya 1, kereste 1, altin 1 ve
nikel 1 kuralda g6zlemlenmistir.

FP-Growth algoritmast ile tiretilen dort degiskenli ve bes degiskenli kurallarin (Tablo 12),
Apriori algoritmast ile iiretilen dort degiskenli (Tablo 10) kurallara gére daha sik 6ge olusturdugu
gortilmiistiir. Diger bir ifadeyle FP-Growth algoritmasi ile tiretilen ilk 25 kural (Tablo 12), apriori
algoritmasi ile olusturulan ilk 25 kuraldan (Tablo 10) daha sik 6ge kiimeleri olusturmustur. Hem
apriori hem de FP-Growth algoritmalart ile tiretilen li¢ degiskenli (Tablo 11 ve 12) kurallar ise
benzer sonuclar vermistir.

Hem apriori hem de FP-Growth algoritmalart ile iiretilen kurallarin tiimiinde Brent petroliin
diger emtialara eslik ettigi gézlemlenmistir. Bu durumda, yatirimcilarin emtia yatirimlari ile ilgili
kararlarinda, Brent petroliin hareketlerini yakindan takip etmeleri kritik Oneme sahiptir.
Dolayisiyla Brent petrol fiyatlarmin yukari veya asagi yonde hareketinin Brent petrol fiyatlarini
yakindan takip eden yatirimcilara, karar vericilere ve politika yapicilara, diger emtialarin hareketi
ile ilgili yol gosterici olabilecegi de sdylenebilir. Ayrica sonuglar, yatirimcilarin tek bir emtiay1
analiz ederek degil emtialarin ortak hareketlerini de dikkate alarak yatirim karar1 vermesinde
etkili olabilir. Ham petrol, diger emtia piyasalarini gesitli sekillerde etkiledigi i¢in stratejik bir
emtia oldugu sdylenebilir. Petroliin emtia piyasalarinda kilit rol oynadig1 gercegi géz Oniine
alindiginda, sonuglarin sasirtici olmadigi soylenebilir. Bu sonuglar ayrica teoriyi de desteler
niteliktedir. Ciinkii ham petrol fiyatlarindaki artiglar harcanabilir geliri azaltarak sanayi iiretimini
yavaglatabilir. Prensip olarak harcanabilir gelirin diisiik olmasi, 6zellikle tarim emtialar1 {izerinde
olumsuz bir etkiye sahip olabilir. Ote yandan, sanayi iiretimindeki diisiis, hammadde ve degerli
metal talebini olumsuz etkileyerek fiyatlar tizerinde asagi yonlii bir baski olusturabilir. Bu nedenle
ham petrol fiyatlarindaki artislarin artan {iretim/ulagtirma maliyetleri yoluyla tarim emtialari
fiyatlar1 lizerinde olumsuz bir etkiye sahip olmasi beklenir.

Gelecek caligsmalarda farkli borsalarda benzer yontem kullanilarak, farkli ¢aligmalar
yapilabilir. Ozellikle borsalarin birlikte hareketleri bulanik (fuzzy) birliktelik kurali ile analiz
edilebilir. Bu sayede borsalar arasindaki etkilesimler kesfedilebilir.

Arastirma ve Yayin Etigi Beyani
Etik kurul izni ve/veya yasal/6zel izin alinmasina gerek olmayan bu ¢aligmada arastirma ve yayin etigine
uyulmustur.

Arastirmacilarin Katki Oram Beyani
Yazar, makalenin tamamina yalniz kendisinin katki saglamis oldugunu beyan eder.

Arastirmacilarin Cikar Catismasi Beyani
Bu calismada herhangi bir potansiyel ¢ikar ¢catismasi bulunmamaktadir.
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AN INVESTIGATION OF CO-MOVEMENTS OF COMMODITY MARKETS
BY DATA MINING

EXTENDED SUMMARY

The Aim of the Study

The aim of this study is to investigate the co-movement of commaodity markets by the data
mining method. In this context, in the study, the co-movement of commodity markets are
examined by Apriori and FP-Growth algorithms, which are association rule analysis techniques
in data mining methods.

Considering the fact that the co-movements of commodity markets have been investigated
with many different methods in the literature, it is thought that the association rule analysis used
in this study will enrich the literature. Another contribution of the study to the literature is that it
allows a comparison of the rules produced by Apriori and FP-Growth algorithms, which are
association rule algorithms.

Literature Review

In their study, Hernandez et al. (2021) analyzed the joint movements of cryptocurrencies
with the data mining method. Karaatlh et al. (2021) stated that in order to create a portfolio, shares
in the BIST 30 index are included in macroeconomic variables (M1 money supply, gold ounce
price, export-import coverage ratio, industrial production index, foreign exchange basket,
manufacturing industry capacity utilization rate, interest, producer price index, financial FP-
Growth algorithm was used to analyze its movement with services confidence index, international
direct investments, crude oil, S&P 500 index). In their study, Kartal et. al. (2022) analyzed the
joint movements of 11 stock market indices in the world between 2001 and 2009 with the
association rule algorithm in data mining methods. Kaur and Dharni (2022) selected seven
countries for analysis, consisting of developed markets (Japan, the United Kingdom, and the
United States) and emerging markets (South Africa, India, Brazil, and China) according to the
MSCI (Morgan Stanley Capital International) market classification. In their study, Teker and
Konuskan (2022) examined the joint movements of cryptocurrencies issued by football clubs with
association analysis from data mining applications.

Methodology

Association rules introduced by Agwaral, et.al. (1993) are used to identify patterns and
frequently recurring elements in a data set. Nowadays, the association rules analysis method is
used in marketing, finance, health, science, engineering, etc. It is frequently used in many fields
(Son et al., 2018). For example, if a person who buys product X also buys product Y, it can be
said that there is a relationship between product X and product Y, and this information is useful
information for decision makers. Therefore, the main purpose of applying the algorithms
developed for association rules analysis is to find simultaneous relationships by analyzing random
data and use these relationships as a reference during decision-making (Liao et.al. 2011: 4611).
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Findings

With the Apriori algorithm, a total of 100 rules were generated based on a confidence level
of 98% and a support level of 10%, and it was observed that Brent oil accompanied other
commodities in all of the first 25 trivariate and four-variate rules with the highest confidence
level.

With the FP-Growth algorithm, a total of 77 four-variable and five-variable rules were
generated based on 97% confidence level and 10% support level, and it was found that Brent oil
accompanied other commodities in all of the first 25 rules with the highest confidence level.

Conclusion

In all the rules generated by both Apriori and FP-Growth algorithms, Brent oil is observed
to accompany other commaodities. In this case, it is critical for investors to closely follow the
movements of Brent oil in their commodity investment decisions. Therefore, it can be said that
the upward or downward movement of Brent oil prices can guide investors who closely follow
Brent oil prices regarding the movement of other commodities. Crude oil is a strategic commodity
as it affects other commodity markets in various ways. Given the fact that oil plays a key role in
commodity markets, the results are not surprising. These results also support the theory since
increases in crude oil prices can slow down industrial production by reducing disposable income.
In principle, lower disposable income can have a negative impact, especially on agricultural
commodities. On the other hand, a decline in industrial production may adversely affect demand
for raw materials and precious metals, putting downward pressure on prices. Higher crude oil
prices are therefore expected to have a negative impact on agricultural commodity prices through
higher production/transportation costs.
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ISLETME DEGERI ILE FINANSAL RISKLER ARASINDAKI
TLiSKi: BIST SURDURULEBILIRLIK ENDEKSI UZERINE

UYGULAMA

The Relationship between Firm Value and Financial Risks: An Application on

BIST Sustainability Index

Aysegiil ERTUGRUL"

, Ilknur KULEKCI™" & Mete BUMIN™™

Anahtar Kelimeler:

Isletme Degeri,
Finansal Risk,
Panel Veri Analizi.

JEL Kodlari:
G32, L25, C23

Keywords:
Firm Value,
Financial Risk,

Panel Data Analysis.

JEL Codes:
G32,L25,C23

Oz

Isletmelerin degerini ve istikrarmi korumak igin finansal riskleri ydnetmek
gereklidir. Bu kapsamda, finansal risklerin igletme degeri tizerindeki etkisinin
ortaya konulmasi sirket hissedarlari, yoneticileri ve yatirimeilar agisindan 6nem
arz etmektedir. Bu calismada, BIST Siirdiiriilebilirlik Endeksinde yer alan
sirketlerin igletme degerleri ile finansal riskleri arasindaki iligkinin incelenmesi
amaglanmistir. Bu kapsamda, BIST Siirdiiriilebilirlik Endeksinde yer alan mali
sektor kuruluslart disinda kalan girketlerin 2018-2022 yillar1 arasindaki ¢eyrek
donemlik verileri esas alinarak bu sirketlerin igletme degeri ile finansal riskleri
arasindaki iliski panel regresyon analizi (sabit etkiler) yontemi ile incelenmistir.
Calismada bagiml degisken olarak isletme degeri igin piyasa degeri/defter degeri
orani dikkate alinirken; finansal risk faktorleri olarak da finansal kaldirag, kur
riski, kredi riski ve likidite riski bagimsiz degiskenler olarak belirlenmistir.
Caligmadan elde edilen bulgulara gore isletme degeri ile finansal kaldirag
arasinda anlamli ve negatif yonlii bir iligki bulunurken, isletme degeri ile kur riski
ve kredi riski arasinda anlamli ve pozitif yonlii bir iliski bulunmustur. Isletme
degeri ile likidite riski arasinda ise anlamli bir iliski tespit edilememistir.

Abstract

Managing financial risks is necessary to protect the value and stability of
companies. In this context, revealing the impact of financial risks on firm value
is important for company shareholders, managers, and investors. This study aims
to examine the relationship between the firm value and financial risks of
companies in the BIST Sustainability Index. In this context, the relationship
between the firm value and financial risks of the companies in the BIST
Sustainability Index, excluding financial sector companies, is analyzed by panel
regression analysis (fixed effect model) method based on quarterly data between
2018 and 2022. In the study, market capitalization/book value ratio was
determined as the dependent variable representing the firm value; and financial
leverage, currency risk, credit risk, and liquidity risk, which were selected as
financial risk factors, were determined as independent variables. According to the
findings of the study, a significant and negative relationship was found between
firm value and financial leverage, while a significant and positive relationship
was found between firm value and currency risk and credit risk. No significant
relationship was found between firm value and liquidity risk.
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1. Giris

Etkili risk yonetim kararlari, finansal yonetim hedeflerine ulagsmak ve isletmelerin risklerini
yonetebilme yeteneklerini gelistirmede onemli bir faktor olarak ortaya ¢ikmaktadir. Finansal risk
yonetimi, siirdiiriilebilir yonetim amagclar1 ¢ergevesinde isletme yonetiminin bir bileseni olarak
risklerin dogru bir sekilde tahmin edilmesi ve kontrol edilmesini gerektirmektedir. Isletmelerin
risk yonetimi ¢ercevesinde finansal riskler olarak kabul edilen finansal kaldirag, kur riski, kredi
riski ve likidite riski gibi risklerin sirketlerin isletme degeri tizerinde etkili oldugu goriilmektedir
(Oztiirk vd., 2022).

Bir isletmenin toplam borglarinin toplam aktiflere oraninin yiiksek olmasi, isletme
varliklarinin daha biiyiik bir kisminin borgla finanse edildigi ve isletmelerin daha yiiksek finansal
riski goze aldig1 anlamina gelmektedir. Yiiksek finansal riske sahip isletmeler ekonomik krizlere
veya faiz oranlarindaki degisikliklere karsi daha savunmasiz durumda bulunmaktadir (Zou ve
Adams, 2008). Kredi riskini etkili bir sekilde yoneten ve azaltan sirketlerin uzun vadede
piyasadaki sirket imajini, finansmana erisimini ve sermaye maliyetini etkileyecegi icin
stirdiiriilebilir isletme degerine katkida bulunarak uygun bir sermaye maliyetini ve yatirimci
giivenini siirdiirme olasiliklar1 daha yiiksek olmaktadir (Harb vd., 2023).

Isletmelerin likiditesi, 6deme giiciinii gosterdigi icin aymi sekilde sirketin yatirimcinin
gbziindeki imajin1 ve sermaye maliyetini olumlu yonde etkilemektedir (Waitherero vd., 2021).
Diger taraftan, bir iilkenin dig ticaret dengesinin saglanmasinda doviz kuru degisimi 6énemli bir
gostergedir. Daha yiiksek bir ticaret agig1 yerel para biriminin deger kaybetmesine yol acabilir
(Salihoglu, 2022). Bu deger kayb1 déviz kurunun oynakligini artirarak dis ticaret yapan firmalarin
kur riskini arttirabilir (Kharroubi, 2011). Dis ticaret agig1 ithalat i¢in daha fazla doviz talebiyle
sonuclanabilir ve bu da yerel para biriminin degeri lizerinde asag1 yonlii baski yaratabilir (Heim,
2008). Bu durum, isletmelerin yerel para birimlerini yabanci para birimine ¢evirirken daha yiiksek
maliyetlerle karsilasabilecekleri i¢in doviz kuru riskini artirabilecektir (Tseng vd., 2007).

Son yillarda isletmeler tarafindan kar maksimizasyonu yerine igletmenin katlanacagi risk
faktoriinii dikkate alan deger maksimizasyonu kavrami kullanilmaktadir (Senol ve Karaca, 2017).
Ulke ekonomileri gelistikce ve finansal piyasalar derinlestik¢e sirketlerin maruz kaldiklari riskler
de artmaktadir. Sirketlerin igletme degerlerinin {izerinde etkili olan faktorlerin neler oldugunun
bilinmesi ve analiz edilmesi isletme degerinin yiikselmesine katki saglayacaktir. Ayrica, halka
acik sirketlere yatirim yapacak yatirimeilarin igletmeleri segerken isletme degerini maksimize
etme ihtimali yiiksek olan isletmeleri segmeleri beklenmektedir. Isletme ydneticilerinin risklerini,
risk modeli kullanarak degerlendirmesi ve yonetmesi gerekmektedir. Isletmelerin kontrol
edilebilir risklerini yonetmeleri, faiz oranlari, doviz kurlar1 ve emtia fiyatlar1 gibi faktorlerdeki
dalgalanmalara kars1 korunmalarina da olanak taniyacaktir.

Isletme yoneticileri, isletme degerini maksimize etmeyi amagclarken ayni zamanda
stirdiiriilebilirliklerini de korumalidirlar. Finansal riskler ve isletme degeri arasindaki iligkinin
bilinmesi isletmenin siirdiiriilebilirligini koruyabilmesi i¢in de énemlidir (Dilmag¢ ve Korkmaz,
2018). Bu nedenle, finans literatiiriinde finansal riskler ve isletme degeri arasindaki iligkinin
incelendigi ¢ok sayida ¢aligma yapilmistir. (6rnegin; Keller ve Siegrist, 2006; Senol ve Karaca,
2017; Al Mustofa vd., 2020; Oztiirk vd., 2022). Bu ¢alismalarin bazilarinda isletmelerin finansal
risklerinin hisse senetlerinin degeri iizerinde olumsuz bir etkiye sahip oldugu tespit edilmistir
(Karaca ve Conkar, 2022). Bu nedenle, finansal riskleri anlamak ve ydnetmek, isletmelerin
degerini ve istikrarini korumak igin gereklidir. Sonug olarak, finansal risklerin isletme degeri
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tizerindeki etkisinin ortaya konulmasi sirket hissedarlari, yoneticileri ve yatirimcilar agisindan
Onem arz etmektedir.

Kurumsal stirdiiriilebilirlik, mevcut ve gelecekteki paydaslarin ihtiyaglarim karsilamak ve
dengelemek icin en iyi is uygulamalarini kullanmay1 amaclayan bir is ve yatirim stratejisi olarak
kabul edilmektedir (Artiach vd., 2010). Bireysel ve kurumsal yatirimeilar icin siirdiiriilebilirlik
endeksleri, siirdiirtilebilirlik agisindan ilerlemenin nicel bir dl¢iisii olarak ortaya ¢ikmakta ve ayni
sektordeki sirketlerin siirdiiriilebilirlik performanslarini degerlendirmek ve karsilastirmak igin
imkan saglamaktadir.

Tiirkiye’de Borsa Istanbul (BIST) siirdiiriilebilirlik uygulamalarina ilgisi giderek artan,
gelismekte olan bir hisse senedi piyasasi olarak 2012 yilinda Birlesmis Milletler Siirdiirtilebilir
Menkul Kiymetler Borsalart Girisimi'ne kurucu piyasalardan birisi olarak katilmistir (Ararat ve
Stiel, 2014). Tirkiye’de siirdiiriilebilirlige verilen 6nemin hem toplumsal hem de kurumsal olarak
artmastyla birlikte BIST tarafindan 2014 yilinda BIST Siirdiiriilebilirlik Endeksi (XUSRD)
olusturulmustur. BIST Siirdiiriilebilirlik Endeksinde halen 77 sirket bulunmaktadir. Bu endeksin
olusturulmastyla BIST, sirketlere c¢evresel, sosyal, kurumsal yonetim alanlarindaki risklerine
iligkin politika olusturmalar1 siirecinde yol gostermek ve sirketlerin siirdiiriilebilirlik
politikalarina iligkin bilgiyi de yatirimcilara iletmeyi amaglamaktadir. BIST Siirdiiriilebilirlik
Endeksinde yer alan igletmelerin daha yiiksek isletme degerine sahip oldugu da goriilmektedir
(Abdioglu, 2020; Dagistanli ve Zeytinoglu, 2022).

Bu calismada, BIST Siirdiiriilebilirlik Endeksinde yer alan sirketlerin isletme degerleri ile
finansal riskleri arasindaki iligkinin incelenmesi amaglanmistir. BIST Siirdiiriilebilirlik
Endeksindeki mali sektor kuruluslari disindaki sirketlerin igletme degerini etkileyen finansal
risklerin arastirilmasinin sirketlerin siirdiiriilebilirlige yonelik calismalarini tesvik etmesi ve bu
alanda gerceklestirilecek uygulamalara katki saglamasi beklenmektedir. Bu kapsamda, BIST
Siirdiiriilebilirlik Endeksinde bilanco yapilari reel sektor kuruluslardan farkli yapida olan 15 adet
mali sektdr kurulusu disinda kalan sirketlerin 2018-2022 yillar1 arasindaki ¢eyrek donemlik
verileri esas alinarak isletme degeri ve finansal riskleri arasindaki iliski panel regresyon analizi
yontemi ile incelenmistir.

Bu caligmanin, igletme degeri ile finansal riskler arasindaki iligkiyi inceleyen diger
calismalardan farki temel olarak BIST Siirdiiriilebilirlik Endeksinde yer alan sirketlerin verilerini
esas alarak bu iki degisken arasindaki iliskinin incelenmesinden kaynaklanmaktadir. Bu ¢alisma
sonucunda elde edilen bulgularla BIST Siirdiiriilebilirlik Endeksinde yer alan sirketlerin isletme
degerini etkileyen finansal risk faktorleri hakkinda bilgi sunularak literatiire katki saglanmasi
amaclanmustir.

Calisma bes boliimden olusmaktadir. Calismanin ikinci bélimiinde konu hakkindaki
literatlir sunulacak, ii¢lincli boélimde veriler, degiskenler ve yonteme yer verilecek, dordiincii
boliimde analizden elde edilen bulgular sunulacak, sonu¢ béliimiinde ise elde edilen bulgular
degerlendirilecektir.

2. Literatiir Arastirmasi

Isletme degeri ile finansal risk faktdrleri {izerine yapilan calismalar incelendiginde,
calismalarin literatiirde temel olarak iki gruba ayrildigi goriilmektedir. Caligmalarin birinci
grubunu, sirketlerin isletme degerini etkileyen risk faktdrlerinin belirlenmesine yonelik ¢caligmalar
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olustururken, ikinci grubunu siirdiiriilebilirlik agisindan isletme degerini etkileyen finansal risk
faktorlerinin arastirildigi akademik ¢alismalar olusturmaktadir.

Literatiirde sirketlerin isletme degeri ile cesitli finansal riskleri arasindaki iligkinin
arastirildigl calismalar mevcut bulunmaktadir. Barakali ve Elmas (2022) BIST30 Endeksinde
bulunan sirketleri 2016-2021 yillar1 arasindaki ¢eyrek donem verileriyle incelemisler ve kur
riskinin isletmelerin piyasa degeri iizerinde anlamli etkisi oldugunu ortaya koymuslardir. Oztiirk
vd. (2022) firma degeri ile ¢esitli finansal riskler arasindaki iliskiyi arastirdiklar1 calismalarinda
BIST de gida, yiyecek-icecek ve tiitiin sektdriinde islem goren 23 isletmenin 2010-2020 yillar
arasindaki verilerini esas almis ve bagimli degisken olarak Tobin’s Q ile piyasa degeri/defter
degeri, bagimsiz degisken olarak da kredi riski orani, kur riski orani, likidite orani, faiz riski orani
ve sermaye riski oranin1 kullanmiglardir. Tobin’s Q degiskeni igin firma degeri ile kur riski
arasinda pozitif ve likidite riski ile negatif anlamli bir iliski oldugu; piyasa degeri/defter degeri
degiskeni icinse firma degeri ile kredi riski arasinda pozitif ve kur riski ile negatif anlaml bir
iligki oldugu sonuglarina ulagilmustir.

Senol ve Karaca (2017) finansal risklerin firma degerine olan etkisini arastirdiklari
calismalarinda Istanbul Sanayi Odasi’nin (ISO) 2015 yili Tiirkiye nin Birinci 500 Biiyiik Sanayi
Kuruluslar: listesinden belirlenen 35 sirketin 2008-2015 yillar1 arasindaki verilerini analiz
etmiglerdir. Bagimhi degiskenler olarak Tobin’s Q ile piyasa degeri/defter degeri, bagimsiz
degiskenler olarak da finansal kaldirag, kredi riski, kur riski ve likidite riskini kullanilmigtir.
Driscoll-Kraay modeliyle analiz edilen panel veri setinden elde edilen bulgulara goére, kaldirag ve
kredi riskleri firma degerini pozitif; kur ve likidite riski ise negatif etkiledigi goriilmektedir.
Zengin ve Yiksel (2016) Tiirkiye’deki bankalarin likidite riskini etkileyen faktorleri 2005-2014
yillarina ait verilerle arastirdiklar1 ¢alismalarinda sermaye yeterlilik oran1 ve net faiz marjinin
likidite riskini etkiledigi bulgusunu elde etmislerdir. Martinez-Sola vd. (2013) Borsada islem
goren Ispanyol sirketlerinin 2001-2007 donemindeki verilerinden olusan bir &rneklem igin
isletme degeri ile ticari kredi arasindaki iligskiyi incelemis ve elde edilen sonuglara gore diisiik
alacak seviyelerinde isletme degeri ile ticari kredi arasinda pozitif, yiiksek alacak seviyelerinde
ticari kredi ile negatif bir iligski oldugunu ortaya koymustur.

Son donemde sirketlerin finansal risklerinin hisse senedi degeri iizerindeki etkilerinin
incelendigi calismalarin sayis1 artmaktadir. Karaca ve Conkar (2022) BIST Siirdiiriilebilirlik
Endeksinde yer alan isletmelerin finansal risklerinin hisse senedi degeri iizerindeki etkisini 2011-
2020 yillar1 arasindaki verilerle panel veri analizi yontemiyle analiz etmisler ve finansal risklerin
hisse senedi getiri oranlarin1 negatif yonde etkiledigini, diger bir ifadeyle, isletmelerin finansal
riskleri azaldik¢a hisse senedi getiri oraninin arttigi sonucuna ulagmuglardir. Parlakkaya vd.
(2019) BIST Siirdiiriilebilirlik Endeksindeki 43 sirketin Endekse dahil olmasinin hisse senedi
getirisine olan etkisini 2014-2016 doneminde arastirdiklar1 c¢alismalarinda anlamli bir etki
olmadigi sonucuna ulagmiglardir. Allayannis ve Weston (2001), ABD’de 1990-1995 yillar
arasinda finans dis1 720 isletmenin yabanci para tiirev irtinlerin kullammmmin firma degeri
tizerindeki etkisini incelemislerdir. Calismada bagimli degisken olarak belirlenen Tobin's Q ile
tirev iriin kullanimi arasinda pozitif bir iliski bulundugu, ayrica riskten korunmanin sirket
degerinde bir artis sagladigi tespit edilmistir.

Gok ve Ozdemir (2017) BIST 100 ve BIST Siirdiiriilebilirlik Endeksinde islem goren
sirketlerin Kasim 2014 ile Aralik 2016 arasindaki verilerini kullandiklart ¢aligmasinda
Stirdiiriilebilirlik Endeksinde yer alan sirketlerin BIST100 Endeksi iginde yer alan sirketlere gore
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anlamli bir sekilde daha yiiksek finansal performans sergiledigi, sirketlerin Siirdiiriilebilirlik
Endeksinde yer alip almamasinin yatirimcilar i¢in finansal ¢iktilar yoniinden tesvik edici etkiye
sahip olmadigin ortaya koymuslardir.

Dilma¢ ve Korkmaz (2018) isletme degerini etkileyen finansal faktorleri belirlemek
amaciyla BIST’de 2008-2015 yillar1 arasinda islem goren 12 banka ve 5 sigorta girketinin ¢eyrek
donemlik verilerini analiz ettikleri ¢alismasinda bagimli degisken olarak Tobin’s Q ile piyasa
degeri/defter degeri, bagimsiz degisken olarak likidite, 6zkaynak karliligi, biiyiiklik, kaldirag
orani, maddi olmayan duran varlik ve aktif biiyiime oranlarini kullanmiglardir. Caligmada,
bankalarin piyasa degeri/defter degeri oraninin, 6zkaynak karlilig1 ile maddi olmayan duran
varliklarla pozitif, kaldirag ile biiytikliik degiskenlerini ise negatif yonde etkiledigini; sigorta
sirketlerinin piyasa degeri/defter degeri oranmmin kaldirag oranimi pozitif, 6zkaynak karlilik
oranini ise negatif yonde etkiledigini tespit etmislerdir.

Literatiirde stiirdiiriilebilirlik ve finansal performans arasindaki iligkinin yoniiniin
incelendigi veya kontrol grubu olusturularak her iki grubun finansal performanslarinin
karsilastirilmasinin yapildigr calismalarda bulunmaktadir. Comincioli vd. (2012) Domini 400
Social Index, Dow Jones Sustainability World Index ve FTSE4 Good Index’lerinden en az
ikisinde yer alan 317 sirketin olusturdugu 6rneklem ve bu endeksler kapsamina girmeyen 100
sirketin olusturdugu kontrol grubu verileri ile kurumsal sosyal sorumluluk ve finansal performans
arasindaki iliskiyi aragtirdiklar1 ¢aligmalarinda siirdiiriilebilirlik endeksine dahil olan sirketlerin
piyasa katma degerlerinin daha yiiksek oldugu sonucuna ulasilmistir.

Yukarida yer alan ¢alismalar incelendiginde siirdiiriilebilirlik endeksinde yer alan
sirketlerin isletme degeri ile hisse senedi getirileri ve finansal performansi arasindaki iliskinin
arastirildigi calismalarin g¢ogunlukta oldugu, ancak isletme degerini etkileyen finansal risk
faktorlerinin belirlenmesine yonelik ¢alismalarin sinirli oldugu goériilmiistiir. Bu galisma ile 6zel
olarak BIST Siirdiiriilebilirlik Endeksindeki sirketlerin isletme degerini etkileyen finansal risk
faktorlerinin ortaya konulmasi amaglanarak literatiire katki saglanmasi hedeflenmistir.

3. Analiz

Calismanin bu boliimiinde BIST Siirdiiriilebilirlik Endeksinde yer alan sirketlerin igletme
degerleri ile finansal risk faktorleri arasindaki iliskinin incelenmesi amaciyla ¢alismada kullanilan
veri seti, degiskenler ve hipotezler sunulacak, analiz i¢in uygulanacak modelin belirlenmesi i¢in
yapilan testler anlatilacaktir.

3.1. Veri Seti, Degiskenler ve Hipotezler

Calismada BIST Siirdiiriilebilirlik Endeksinde yer alan mali sektor disinda kalan sirketlerin
2018-2022 yillarina ait ¢eyrek donem verileri kullanilmistir. Analiz i¢in belirlenen zaman araligi
olan 2018-2022 doneminde tiim verilerine eksiksiz olarak ulasilan 51 adet sirketin verileri Finnet
veri tabanindan elde edilmistir. Calismada 1020 adet gozlem ile ¢alisilmis ve analiz yontemi
olarak panel regresyon analizi uygulanmistir. Regresyon analizi uygulanmadan dnce yatay kesit
bagimliligi ve homojenlik testleri yapilmis, elde edilen bulgulara gore birim kok testleri
secilmistir. Birim kok testleri sonucuna gore degiskenlerin farklar alinmis ve en iyi model se¢imi
sonucunda elde edilen bulgular sunulmustur.
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Calismada, konuya iligkin literatiirde yapilan ¢aligmalar dikkate alinarak bagimli degisken
olarak isletme degeri; finansal risk faktorleri olarak segilen finansal kaldirag, kur riski, kredi riski
ve likidite riski de bagimsiz degiskenler olarak belirlenmistir. Calismada kullanilan igletme degeri
ve finansal risklere iliskin bagimli ve bagimsiz degiskenlerin formiilleri ve bu oranlarmn
kullanildig literatiirdeki kaynaklar Tablo 1’de sunulmaktadir.

Tablo 1. Bagimh ve Bagimsiz Degiskenler

Kisaltmalar Formiiller Kaynak

Bagimh Degisken

Piyasa Degeri / Defter ~ Ugur, 2011; Senol ve Karaca, 2017;

Isletme Degeri PDDD Degeri Topaloglu, 2018; Oztiirk vd., 2022

Bagimsiz Degiskenler

Erol,2015; Metin vd., 2017,

Finansal Kaldirag FKR Top_lam Borg / Toplam Iskenderoglu vd.,2018; Bardi, 2020;
Aktif 9
Coskunoglu, 2021
- Net Yabanci Para Topalogli, 2018; Barakali ve Elmas,
Kur Riski KUR Pozisyonu / Ozsermaye 2022; Karacayir, 2024
L Kisa ve Uzun Vadeli - L
Kredi Riski KDR Alacaklar / Ozsermaye Topaloglu, 2018; Oztiirk vd., 2022
Kisa Vadeli Yabanci Senol ve Karaca, 2017,
Likidite Riski LDR Kaynaklar / Dénen Topaloglu, 2018; Oztiirk vd., 2022;

Varliklar Karagayir, 2024

Aragtirmanin hipotezleri asagida belirtildigi gibi olusturulmustur.
HO:: Isletme degeri ile finansal kaldirag arasinda anlamli bir iliski yoktur.
HO,: Isletme degeri ile kur riski arasinda anlamli bir iliski yoktur.
HO3: Isletme degeri ile kredi riski arasinda anlamli bir iliski yoktur.
HO,: Isletme degeri ile likidite riski arasinda anlamli bir iliski yoktur.
Model (1) numarali denklemde belirtildigi sekilde yazilmstir.
PDDDT = o + Bl « FKRT + (2 KURT + 3« KDRT + p4 * LDRT + ¢ (1)

Calismada kullanilan degiskenlerin 2018-2022 yili ¢eyrek donemlerine ait verilerinin
tanimlayici istatistik degerleri Tablo 2’de verilmistir.

Tablo 2. Degiskenlerin Tamimlayici istatistikleri

PDDD FKR KUR KDR LDR
Ortalama 3.517828 64.55358 -34.16380 92.14767 98.08643
Ortanca 1.630495 67.73075 -1.454866 56.50867 86.68552
Maksimum 391.8923 99.89963 920.1650 1507.093 2608.475
Minimum 0.270130 18.20322 -1740.365 1.249916 18.81139
Standart Sapma 16.48513 17.91804 129.1492 104.5252 132.0042
Gozlem 1020 1020 1020 1020 1020

Tablo 2 incelendiginde modele dahil edilen 51 adet sirketin isletme degerleri ortalamasinin
3.517 oldugu, isletme degerinin en yiiksek seviyesi 391.892 iken, minimum degerin 0.270
diizeyinde oldugu ve aradaki farkin oldukca yiiksek diizeyde kalarak standart sapma degerinin
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yiiksek oldugu gozlemlenmistir. Isletmelerde finansal kaldirag (FKR) diizeyi ortalamasinin
64.553 oldugu, bu degerin en yiiksek seviyesinin 99. 899 oldugu, en diisiik degerinin ise 18.203
oldugu ve finansal kaldiracin standart sapmasinin yiiksek oldugu belirlenmistir. Genel olarak
ortalama deger incelendiginde isletmelerde bor¢ kullanim oraninin 6z sermaye kullanimindan
fazla oldugu goriilmektedir. Isletmelerde finansal kaldiracin yiiksek olmasi bazi durumlarda
sirketler i¢in avantaj olabilecekken, alinan borcun yanlis yatirim kararlarinda kullanilmasi
sonucunda bor¢ kullanimi sirket aleyhine donebilecektir. Analize dahil edilen dénemlerde
uygulanan ekonomi politikalar1 geregi kredi faiz oranlarinin diisiik diizeylerde olmasi, sirketlerin
dis kaynak kullaniminda borca yonelmeleri sonucunu dogurmus oldugu seklinde
yorumlanabilmektedir. Caligmada kullanilan 51 adet isletmenin kur riski (KUR) degeri ortalamasi
negatif bir deger olan -34.164 seviyesinde iken, en yiiksek degerin ise 920.1650 degeri ile oldukc¢a
yiiksek oldugu goriilmektedir. Isletmelerde net yabanci para pozisyonlarmin genelde negatif
diizeylerde oldugu gozlemlenmektedir. Genel olarak girketlerde 2018-2022 yillarinda kur riski
diizeyinin yiiksek oldugu goriilmiis ve bu durumun Tiirkiye’de yiiksek enflasyon ve kur riski
yasamasinin nihai sonucu oldugu seklinde degerlendirilebilmektedir.

Isletmelerde kredi riski (KRD) degeri incelendiginde ortalama kredi riski seviyesinin
92.147 diizeyinde oldugu, en diisiik kredi riski degerinin ise 1.249 oldugu gozlemlenmistir. Kredi
riskinin en yiiksek ve en diisiik deger arasindaki farkinin yiiksek olmasi standart sapmanin da
yiiksek diizeyde olmasina neden olmustur. Son olarak analize dahil edilen sirketlerin likidite risk
(LRD) degerlerine bakildiginda sirketlerde donen varlik diizeyinin kisa vadeli bor¢ diizeylerinin
oldukca altinda oldugu sdylenebilmektedir. Ortalama deger incelendiginde likidite riskinin
oldukea yiiksek bir likidite risk diizeyi olan 98.086 diizeyinde oldugu, likidite riskinin maksimum
ve minimum degerleri arasindaki farkin da yliksek olusu standart sapma degerinin de oldukga
yiiksek olmas1 sonucuna yol agtig1 goriilmiistiir. Sirketlerin ellerinde bulunan kisa vadeli varliklari
ile almig olduklar1 kisa vadeli borglari 6deme giiciiniin analiz doneminde olduk¢a zor oldugu
yoniinde yorumlanabilmektedir.

Degiskenlerin yillar ve ¢ceyrek donem bazinda nasil hareket ettigi grafik yardimiyla net bir
sekilde goriilmesi amaclandigindan bagimhi ve bagimsiz degiskenlerin tanimlayict
istatistiklerinin ardindan degiskenlerin zaman igerisinde gosterdikleri seyir grafikleri Sekil 1°de
belirtilmistir.
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Sekil 1. Degiskenlerinin Grafikleri

3.2. Testler ve Model Secimi

Aragtirmada hem zaman serisi hem de yatay kesit degiskenlerin oldugu bir durumda
iliskilerin analiz edilmesini saglayan yontem olan panel regresyon analizi kullanilmistir. Bu
yontem sayesinde veri sayisinda artis yasandigindan dolay1 elde edilen bulgularin giivenilirligi
artmakta ve daha fazla esnek bir yap1 olugsmaktadir (Gujarati, 2004). Panel veri analizinde, sabit
etkiler ve rassal etkiler modelleri olarak iki analiz yontemi bulunmaktadir (Baltagi, 2005; Dagh
ve Ayaydin, 2012). Sabit etkiler modelinde regresyon denkleminde kullanilmis olan terimlerin
tiim yatay kesit verileri igin biitiin zaman serileri siiresince sabit oldugu durumu gostermektedir
(Bali ve Cinel, 2011). Rassal etkiler modelinde, yatay kesitlere ve zamana goére olusan
degisimlerin, modele hata teriminin bir bileseni olarak katki sagladigi ifade edilmektedir (Dagh
ve Ayaydin, 2012).

Calismanin bu asamasinda panel regresyon analizi uygulamasina gegmeden 6nce gerekli
birim kok testi analizleri yapilacaktir. Ancak modelde kullanilacak olan birim kdk testlerine karar
vermeden Once yatay kesit bagimliligi testi ve homojenlik testi yapilmustir. Yatay kesit
bagimliliginin olmadig1 durumlarda birinci nesil birim kok testleri (Maddala ve Wu, 1999; Hadri,
2000; Levin vd., 2002; Im vd., 2003) uygulanirken, yatay kesit bagimliliginin oldugu durumlarda
ise ikinci nesil birim kok testleri (Phillips ve Sul, 2003; Bai ve Ng, 2004; Pesaran, 2007)
yapilmaktadir. Analizde kullanilan tiim degiskenlere tek tek yatay kesit bagimlilig1 testi yapilmis
ve ilgili sonuglar Tablo 3’te sunulmustur.
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Tablo 3. Degiskenlerin Yatay Kesit Bagimliligi Testleri

Ho: Yatay Kesit Bagimlilig1 Yoktur

Degiskenler Test Istatistigi Olasihik
PDDD-Isletme Degeri 17.14045 0.0000
Pesaran CD

FKR- Finansal Kaldirag 15.199211 0.0056
Pesaran CD

KUR- Kur Riski

Pesaran CD 1696293 PO%E
KRD- Kredi Riski 2182282 0.0491
Pesaran CD

LDR- Likidite Riski 16.88811 0.0413
Pesaran CD

Degiskenlere yapilan yatay kesit bagimliligi test sonuclarinin yer aldigi Tablo 3
incelendiginde, tim degiskenlerde yatay kesit bagimliligi olmadigini1 savunan Ho hipotezi red
edilmis ve yatay kesit bagimlilig1 oldugu bulgusuna ulagilmistir. Yatay kesit bagimlilig testinden
sonra homojenlik testi (Hsiao, 2022) yapilmis ve homojenlik testi sonuglari Tablo 4’te
belirtilmigtir. Duraganlik testi seciminde homojen veya heterojenlik 6nemli oldugundan
calismada homojenlik testi yapilmustir.

Tablo 4. Homojenlik Testi

Hipotezler F-istatistigi Olasilik Degeri
H1 28.10933 0.0000
H2 10.91540 0.0000
H3 31.71354 0.0000

Tablo 4 incelendiginde modelde homojenlik saglanamamis ve heterojen oldugu
goriilmiistiir. Heterojen ve yatay kesit bagimliligi durumunda kullanmilan test olan CADF testi
yapilmig ve tiim degiskenlerin duraganlik seviyeleri incelenmis ve elde edilen sonuglar Tablo 5°te
sunulmustur.

Tablo 5. CADF Birim Kok Testi

Deiskenler Seviye 1. Derece Fark
s18 (istatistik Degeri) (istatistik Degeri)

PDDD-Piyasa Degeri -2.150 -8.324%***

FKR- Finansal Risk -1.890 -6.790**

KUR- Kur Riski -1.234 -5.635**

KDR- Kredi Riski -8.623*** -

LDR- Likidite Riski -2.124 -7.235%*

Not: Tablo degeri % 5 i¢in:-4.90, %10 i¢in:-3.99, %l i¢in -7.49 , *%10’da anlamli, **%5-%10’da
anlamli, ***9%1-%5-%10’da anlamli. Sabit+trendli olarak hesaplanan degerler ile ¢alisilmig ve tim
degiskenler i¢in gecikme uzunlugu SIC 1 olarak belirlenmistir.

CADF test sonuglarina gére PDDD (piyasa degeri), FKR (finansal kaldirag), KUR (kur
riski) ve LDR (likidite riski) degiskenlerinin seviyede duragan olmadigi ve birinci farkta duragan
olduklar1, KDR (kredi riski) degiskeninin ise seviyede duragan oldugu goriilmektedir. Bu agidan
duragan olmayan degiskenlerin farklar1 alinarak panel regresyon analizi uygulanacaktir. Ancak
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panel regresyon analizi uygulanmadan 6nce en iyi model se¢iminin yapilmasi gerekmektedir. Bu
amagla Chow ve Hausman testleri yapilmistir. Chow ve Hausman testleri icin olusturulan
hipotezler asagidaki gibidir;

Chow testi hipotezi:

Ho: Havuzlanmis regresyon modeli uygundur (POLS)
H:: Sabit etkiler modeli uygundur (FEM)

Hausman testi hipotezi:

Ho: Rassal etkiler modeli uygundur (REM)

H:: Sabit etkiler modeli uygundur (FEM)

Yapilan testler sonucunda kullanilacak en uygun modelin sabit etkiler modeli (Fixed Effect
Model-FEM) oldugu sonucuna varilmigtir.

Tablo 6. En iyi Model Secimi

Test Istatistik Degeri Olasihk Karar

Chow 688.349612 0.0000 Ho red: FEM

Hausman 57.023145 0.0000 Ho red: FEM
4. Bulgular

Arastirmada sabit etkiler modeli (FEM) ile ¢alisilmus ve panel regresyon analizinden elde
edilen bulgular Tablo 7°de sunulmustur. Uygulanan regresyon analizi sonucunda modelin bir
biitiin olarak anlamli oldugu goriilmektedir p (F)= 0.000 > 0.05. Regresyon analizinden elde
edilen sonuglarin anlamli ve dogru bir sekilde yorumlanabilmesi i¢in gerekli olan, normallik,
otokorelasyon olmamasi ve homojenlik biiyiik varsayimlarimin saglandigi goriilmektedir. Bu
cercevede, normallik varsayimi Breush-Pagan testi ile (0.212 > 0.05), otokorelasyon olmamasi
varsayimi Durbin Watson testi ile (2.032781) ve homojenlik varsayimi Green Heteroskedasticty
testi ile (0.720 > 0.05) ile saglanmistir. Model bagimli degisken olarak belirlenen PDDD
degiskeninin, D (FKR), D (KUR) ve KDR bagimsiz degiskenleri ile % 66 oraninda agiklandigi
goriilmektedir.

Tablo 7. Panel Regresyon Analiz Sonug¢lar:

Degiskenler Katsay1 Standart Hata T-istatistigi Olasihk
Sabit -10.28602 0.538561 -19.09907 0.0000**
D(FKR) -0.173958 0.054346 -3.200908 0.0014**
D(KUR) 0.012249 0.003377 3.626665 0.0003**
KDR 0.150606 0.004669 32.25865 0.0000**
D(LDR) 0.002237 0.003942 0.567355 0.5706

R2=0.661794 F degeri =33.12027  p (F) =0.000000 Durbin Watson = 2.032781
p Breush-Pagan(LM) = 0.212  p Green Heteroskedasticty Test = 0.720
Not: *%5 anlam diizeyinde ** %1 anlam diizeyinde anlamliligi ifade etmektedir.

Modele iliskin elde edilen bulgular incelendiginde isletme degeri ile finansal kaldirag
arasinda negatif yonlii anlamli bir iligki oldugu bulunmus ve finansal kaldiragta yasanacak bir
birimlik artigin isletme degerinin 0.173958 birim azalmasina neden olacagi goriilmiistiir. Isletme
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degeri ile kur riski arasinda pozitif yonli anlamli bir iligki bulunmustur. Kur riskinde yaganacak
bir birimlik artis isletme degerinin 0.012249 birim artmasina neden olmaktadir. Isletme degeri ile
kredi riski arasinda pozitif yonlii ve anlamli bir iligki bulunmaktadir. Kredi riski bir birim artig
gosterdiginde isletme degerinde 0.150606 birim artis yasanmaktadir. Isletme degerini en fazla
etkileyen risk faktoriiniin -0.173958 katsayisi ile finansal kaldirag oldugu goriiliirken, bunu
takiben 0.150606 katsayisi ile kredi riskinin isletme degerini en fazla etkileyen ikinci degisken
oldugu goriilmektedir. Isletme degeri ile likidite riski arasinda anlamli bir iliski bulunamamus,
likidite riskinin igletme degeri lizerinde etkisinin olmadigi goriilmektedir. Sonug olarak panel
regresyon analizinden elde edilen bulgular ¢ergevesinde HO1, HO, ve HO3 hipotezleri reddedilirken
HO4 hipotezi kabul edilmistir.

Calismadan elde edilen igletme degeri ile finansal kaldirag arasindaki anlamli ve negatif
yonlii iligkinin varligi, Dilma¢ ve Korkmaz’in (2018) calismasiyla uyumlu olarak sirketlerin
aktiflerini borgla karsilama orani arttik¢a isletme degerinin diistiigiinii gostermektedir Isletme
degeri ile kur riski arasindaki pozitif iliski, finansal performansta dalgalanmalara neden
olabilmektedir. Ozellikle doviz kurlarindaki dalgalanmalarin siklig1 ve siddeti arttikga, isletmenin
finansal sonuglar1 daha belirsiz hale gelebilmektedir.

Calismadan elde edilen bulgulardan olan isletme degeri ile kredi riski arasinda anlamli ve
pozitif yonlii bir iligki sirketlerin kredi riskinin arttikca igletme degerinin arttigini gostermektedir
seklindeki bulgu Oztiirk ve digerlerinin (2022) ¢alismastyla uyumlu bulunmustur. Kredi riski
isletmelerin finansal anlamda rekabet giiciine ve uzun vadeli basarilarina yonelik riskleri
vurgulamaktadir. Isletmeler, kredi riskini yonetmeye odaklanarak, finansal saglamliklarini
artirabilir ve daha siirdiiriilebilir bir biiylime stratejisi izleyebilirler. Diger taraftan, kredi riski
yiiksek olan sirketlerin borglanarak finansman bulma ihtimali daha disiikk oldugu icin bu
isletmeler finansal krizlere kars1 daha duyarlidir.

5. Sonug¢

Bu c¢alismada BIST Siirdiiriilebilirlik Endeksinde yer alan mali sektor sirketleri disinda
kalan 51 sirketin 2018-2022 yillar1 arasindaki ¢eyrek donem verileri tizerinden 1020 adet gdzlem
degeri ile sirketlerin isletme degerini etkileyen finansal riskleri panel regresyon analizi
yontemiyle incelenmistir. Calismada, bagimli degisken olarak belirlenen isletme degeri icin
piyasa degeri/defter degeri orani dikkate alinmistir. Finansal risk faktorleri olarak da finansal
kaldirag, kur riski, kredi riski ve likidite riski bagimsiz degiskenler olarak belirlenmistir.
Calismadan elde edilen bulgulara gore isletme degeri ile finansal kaldira¢ arasinda anlamli ve
negatif yonlii bir iliski bulunurken, isletme degeri ile kur riski ve kredi riski arasinda anlamli ve
pozitif yonlii bir iligki bulunmustur. Isletme degeri ile likidite riski arasinda ise anlaml1 bir iliski
tespit edilememistir.

Calismanin sonuglarina bakildiginda politika onerileri ¢ercevesinde BIST Siirdiiriilebilirlik
Endeksinde yer alan sirketlerin isletme degerini yiikseltmek igin daha fazla kur riskini ve kredi
riskini géze almalari, ancak finansal kaldirag riskinden kaginmalar1 onerilmektedir. Ancak sirket
yOneticilerinin isletme degerini yilikseltme hedefiyle alabilecegi riskleri dogru yonetmesi 6nem
teskil etmektedir. Yiiksek kur riski ve kredi riski tasiyan sirketlerin dalgali piyasa kosullarinda bu
risklerden etkilenme ihtimalleri daha fazla oldugundan sirketlerin isletme degerlerini artirmak
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amaciyla yapacaklar igslemlerle birlikte etkin risk yonetimine yonelik uygulamalar1 da yiiriirlige
koymalar1 gerekmektedir.

Bu caligmanin, BIST de hesaplanan diger endekslerde yer alan sirketlerin isletme degerini
etkileyen finansal risklerinin belirlenebilmesi amaciyla farkli degiskenler kullanilmasi suretiyle
olusturulacak modeller araciligiyla gelistirilmesi miimkiin bulunmaktadir.

Arastirma ve Yayin Etigi Beyam
Etik kurul izni ve/veya yasal/6zel izin alinmasina gerek olmayan bu ¢aligmada arastirma ve yayin etigine
uyulmustur.

Arastirmacilarin Katki Oram1 Beyam
Yazarlar makaleye esit oranda katki saglamis olduklarini beyan eder.

Arastirmacilarin Cikar Catismasi Beyani
Bu ¢alismada herhangi bir potansiyel ¢ikar ¢atismast bulunmamaktadir.
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THE RELATIONSHIP BETWEEN FIRM VALUE AND FINANCIAL RISKS:
AN APPLICATION ON BIST SUSTAINABILITY INDEX

EXTENDED SUMMARY

Aim of the Study

As national economies develop and financial markets deepen, the risks that companies are
exposed to increase. Knowing and analyzing the factors affecting the firm value of companies
will contribute to increasing the firm value. In addition, investors who will invest in publicly
traded companies are expected to select companies with a high probability of maximizing firm
value. Business managers need to assess and manage risks by using risk models. Therefore,
understanding and managing financial risks is essential to protect the value and stability of
companies. As a result, revealing the impact of financial risks on firm value is important for
company shareholders, managers, and investors.

In this study, it is aimed to examine the relationship between the financial risks and the
firm values of the companies in the BIST Sustainability Index. It is expected that the analysis of
financial risks affecting the firm value of companies other than financial sector companies in the
BIST Sustainability Index will encourage companies to work towards sustainability and
contribute to the practices to be carried out in this field. The difference between this study from
other studies examining the relationship between firm value and financial risks stems from the
fact that the relationship between these two variables is analyzed based on the data of companies
in the BIST Sustainability Index. The findings obtained as a result of this study, it is aimed to
contribute to the literature by providing information about the financial risk factors affecting the
firm value of companies in the BIST Sustainability Index.

Literature

When the studies on firm value and financial risk factors are analyzed, it is seen that the
studies are basically divided into two groups in the literature. While the first group of studies
consists of studies on determining the risk factors affecting the firm value of companies, the
second group consists of academic studies investigating the financial risk factors affecting firm
value in terms of sustainability.

A review of the literature reveals that the majority of studies investigate the relationship
between firm value, stock returns, and financial performance of companies in the sustainability
index, but studies on the determination of financial risk factors affecting firm value are limited.

Methodology

In this framework, the financial risks affecting the firm value of 51 companies in the BIST
Sustainability Index, excluding financial sector companies, were analyzed by panel regression
analysis method with 1020 observation values over the quarterly data between 2018-2022. In the
study, market value/book value ratio is taken into consideration for the firm value determined as
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the dependent variable. As financial risk factors, financial leverage, currency risk, credit risk and
liquidity risk are determined as independent variables. Before applying the panel regression
analysis, horizontal cross-section dependence and homogeneity tests were performed and unit
root tests were selected according to the findings obtained.

Findings

According to the results of the unit root tests, the variables were 1(1), and the findings
obtained as a result of the best model selection are presented. According to the findings of the
study, a significant and negative relationship was found between firm value and financial
leverage, while a significant and positive relationship was found between firm value and currency
risk and credit risk. No significant relationship was found between firm value and liquidity risk.

Conclusion and Policy Recommendations

Considering the results of the study, within the framework of policy recommendations, it
is suggested that companies in the BIST Sustainability Index may take more currency risk and
credit risk to increase their firm value but avoid financial leverage risk. However, it is important
for company managers to properly manage the risks that they may take with the aim of increasing
firm value. Since companies with high currency risk and credit risk are more likely to be affected
by these risks in volatile market conditions, companies should implement effective risk
management practices along with their transactions to increase their firm value.

This study is expected to contribute to the sustainability of companies by analyzing the
financial risks affecting the firm value of companies in the BIST Sustainability Index. This study
is also expected to support the decision-making processes of rational investors in Borsa Istanbul
in stock selection. It is possible to improve this study by examining the effects of sustainability
policies of non-financial firms in the BIST Sustainability Index on firm value.
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