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ARTIFICIAL INTELLIGENCE-ASSISTED MACHINE LEARNING
METHODS FOR FORECASTING GREEN BOND INDEX: A

COMPARATIVE ANALYSIS

Yesil Tahvil Endeksinin Tahmini i¢in Yapay Zeka Destekli Makine Ogrenme

Yontemleri: Karsilastirmalh Bir Analiz
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Abstract
The main objective of this study is to contribute to the literature by forecasting
green bond index with different machine learning models supported by artificial
intelligence. The data from 1 June 2021 to 29 April 2024, collected from many
sources, was separated into training and test sets, and standard preparation was
conducted for each. The model's dependent variable is the Global S&P Green Bond
Index, which monitors the performance of green bonds in global financial markets
and serves as a comprehensive benchmark for the study. To evaluate and compare
the performance of the trained machine learning models (Random Forest, Linear
Regression, Rational Quadratic Gaussian Process Regression (GPR), XGBoost,
MLP, and Linear SVM), RMSE, MSE, MAE, MAPE, and R? were used as
evaluation metrics and the best performing model was Rational Quadratic GPR.
The concluding segment of the SHAP analysis reveals the primary factors
influencing the model's forecasts. It is evident that the model assigns considerable
importance to macroeconomic indicators, including the DXY (US Dollar Index),
XAU (Gold Spot Price), and MSCI (Morgan Stanley Capital International). This
work is expected to enhance the literature, as studies directly comparable to this
research are limited in this field.
Oz

Bu ¢alismanin temel amaci, yesil tahvil endeks degerlerini yapay zeka destekli
farkli makine 6grenmesi modelleri ile tahmin ederek literatiire katkida bulunmaktir.
Cesitli kaynaklardan bir araya getirilen, 1 Haziran 2021 ile 29 Nisan 2024
tarihlerini kapsayan veriler, egitim ve test kiimelerine ayrilmis ve her biri igin
standart 6n islemler gergeklestirilmistir. Modelin bagiml degiskeni, kiiresel finans
piyasalarindaki yesil tahvillerin performansini izleyen ve ¢alisma igin kapsamli bir
Olgiit gorevi goren Kiiresel S&P Yesil Tahvil Endeksi'dir. Egitilen makine
Ogrenmesi modellerinin  (Random Forest, Dogrusal Regresyon, Rasyonel
Kuadratik Gauss Siireci Regresyonu (GPR), XGBoost, MLP ve Dogrusal DVM)
performansini degerlendirmek ve karsilastirmak i¢in degerlendirme 6lgiitleri olarak
RMSE, MSE, MAE, MAPE ve R? kullanilmis ve en iyi performans gosteren model
Rasyonel Kuadratik GPR modeli olmustur. SHAP analizinin son béliimii modelin
tahminlerini etkileyen baslica faktdrleri ortaya koymaktadir. Modelin DXY (ABD
Dolart Endeksi), XAU (Spot Altin Fiyat1) ve MSCI (Morgan Stanley Capital
International) gibi makroekonomik gostergelere biiyiik o6nem verdigi
goriilmektedir. Bu c¢alismanin, literatiirde dogrudan karsilastirilabilir benzer
caligmalarin sinirli olmasi nedeniyle alana onemli bir katki saglayacagi
diistinilmektedir.
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1. Introduction

Green projects are often funded via green crowdfunding which are connected to sustainable
agriculture, forestry, waste management, renewable energy, and water conservation among
others. Green initiatives have three core objectives - to minimize ecological footprint, protect
natural assets, and stop causing environmental harm. This aligns with the triple bottom line of
sustainability—the process by which companies manage their financial, social, and environmental
risks, obligations, and opportunities, while also increasing long-term shareholder value; all three
must be met, as well as maintained and improved upon, in order for corporations to ensure that
they meet their needs for future generations to come. Climate initiatives often need additional
upfront capital seem riskier and have slower returns than conventional choices, which makes
green projects less attractive to private-sector investors, causing very limited investments. To this
end, it is absolutely essential that private sector investments in green schemes are promoted and
encouraged. Investors may lend money to green projects via financial products like interest-free
green bonds and green sukuk (green bonds).

Introduced in 2007, green bonds began attracting financial market interest as environmental
and sustainable investing gained prominence. The issuance of green bonds has expanded
dramatically in recent years as seen in Figure 1.
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Figure 1. Amount of Issued Green Bonds
Source: www.climatebonds.net

The issue of green bonds entails soliciting funds from bond investors to finance initiatives
like energy efficiency and renewable energy. Accurately estimating and projecting the market
dynamics of green bonds is crucial for investors and regulators, as their popularity grows. The
variables that impact the price of green bonds have been the subject of several studies that have
highlighted the importance of these aspects (Tu et al., 2020; Dorfleitner et al., 2022; Verma and
Bansal, 2023; Marin-Rodriguez et al., 2022; Cetin, 2022; Wei et al., 2024).
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In this context, predicting the price of green bonds will continually relate to broader
economic dimensions (both micro and macro), as well as commodity and financial markets and
alternative investment prices. This paper's major goal is to answer the research question, which is
to estimate the value of green bonds using both conventional (Linear models) and artificial
intelligence-based forecasting technigues (Non-linear models), both of which have the ability to
affect the green bond index. To represent stock markets across various regions, the Morgan
Stanley Capital International Index (MSCI) is utilized, while the Global S&P Green Bond Index
(HGGB) is employed to capture the performance of green bonds in the global financial market.
Furthermore, our analysis includes a composite of traditionally perceived low-risk assets, such as
gold (XAU), the US Dollar Index (DXY), and West Texas Intermediate (WTI). In addition to
these, Bitcoin (BTC) is examined, the leading cryptocurrency by market capitalization, which
presents a notably distinct risk profile compared to the other assets. Within the scope of the
research, random forest, rational quadratic Gaussian Process Regression (GPR), XGBoost, MLP
(non-linear), linear SVM, and linear regression (linear) methods were used. The data analyzed
covers from June 1, 2021 until April 29, 2024.

The Global S&P Green Bond Index was chosen as the dependent variable in this study
because of its extensive representation of green bonds in the global financial markets. This index
provides a benchmark for the performance of bonds issued to finance ecologically sustainable
projects, reflecting the fast growth of the relatively new green bond category. The index is well-
regarded and encompasses bonds from many industries and geographical regions, rendering it an
appropriate selection for reflecting global trends and dynamics in sustainable financing.
Moreover, its broad scope enables the evaluation of the general trends and predictability of green
bonds in relation to macroeconomic issues, which corresponds with the study's aim of
comprehending how various variables affect the pricing of green bonds. This index facilitates an
evaluation of global green bond market dynamics, enhancing the study's results' robustness and
usefulness.

Despite being managed by a Canadian company, the Global S&P Green Bond Index tracks
green bonds issued in various regions, including the USA, Germany, China, and others, which
have the highest climate bond values. This index represents the global green bond market
holistically by including bonds from many issuers from many industries and locations. This index
was chosen over country-specific indexes because it provides a holistic perspective of the global
green bond market, which is important for studying worldwide green bond patterns and
macroeconomic issues. The Global S&P Green Bond Index was chosen for this research because
it represents a wide range of countries rather than just one.

With the use of artificial intelligence-supported approaches, which are presently in short
supply, this study seeks to add to the body of literature by shedding light on future research on
the prediction of the green bond index. In addition to reducing investors' risk perception of green
bonds, a relatively new financial instrument, and increasing their profitability, increasing the
demand for green bonds and reducing the cost of financing green projects can be achieved by
accurately estimating the green bond index.

There are five parts to the research. The introduction is covered in the first portion, and the
second part is a review of the literature on green bonds and the variables influencing them. This
is fully detailed in the third part of the study on the methods. The fourth part is the conclusion of
the study. Lastly, Part 5 concludes and suggests recommendations.
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2. Literature Review

Green bonds can also help bridge the financing gap of climate and ecologically favorable
investments for those who will not invest directly in climate solutions. The World Bank issued
the world's first green bonds (labeled climate bonds) in 2007 with the aim of providing investment
instruments that incorporate environmental, social, and governance criteria, more specifically
criteria designed using these markers as the lifespan of underlying investments. As far back as
2007, The European Investment Bank launched the first green bond for energy efficiency and
renewable energy projects in the amount of 600 million EUR (Ehlers and Packer, 2017). The
issuance of green bonds, an innovative financial instrument, was a major breakthrough in the fight
against climate change and the promotion of sustainable development goals.

The price anticipation of green bonds based on commodity is a complicated and intricate
one and how these factors play around each other are very different. Indeed, research has shown
it to be possible to forecast the prices of various asset classes, including the green bonds, using
the commaodity prices, for example (Chen et al., 2010). Commaodity prices and bond prices contain
information about the relationship between investment opportunities in the emergence of market
volatility hedges (Hong and Yogo 2012). Moreover, some researchers also investigate on the price
prediction of corporate green bonds using Al models like artificial neural networks. And this is
represented by the interest in new prediction methods (Cetin, 2022). Green bonds and the support
from the house bond research have been demonstrated in a variety of studies, which highlight the
diversification benefits of green bonds for investors as a portfolio investment alternative, and
associations between green bonds and conventional asset classes (Abakah et al., 2022). Research
on the Predictability of Commodity-Prices by Different Branches of the US Government Bond
Yield Curve: There is also evidence that there may be a connection between bond yields and
commodity price movements (Idilbi-Bayaa and Qadan, 2021). In fact, advanced models like
copulas and transfer entropy have been used to study the dynamic link between green bonds with
conventional asset classes, especially commodities indexes (Hung, 2021). Research suggests the
importance of including commodity prices in forecasting models (Black et al., 2014). In a separate
study, Broadstock and Cheng (2019) investigated how the co-movement between black and green
bond prices changes over time by allowing for time-varying volatility in the financial market,
unpredictability in the financial market, the business cycle, the crude oil price, and the news
associated with the green bond. In their study, it is found that macro-economic variables and
micro variables are equally influential on the green bond price. When market conditions are
unfavorable, this means that the market is interconnected and defines a feedback link between oil
prices and green bond prices (Marin-Rodriguez et al., 2022).

Like commodity prices, exchange rates have a profound effect on financial markets. In
other words, it is important to analyze and understand the impact of foreign exchange rates on the
prices of green bonds to manage investment strategies. The relationship between exchange rates
and bond yields is analyzed by Tsui and Zhang (2021). One of the methods for predicting green
bond prices is presented by Jia (2021) who used deep learning algorithms to forecast exchange
rates and financial indices such as the CSI 300 Index. It has also been documented that commodity
prices do exert an impact on exchange rates, implying the changes in commaodity prices are
widespread and have profound implications on financial markets (Zou et al., 2017, Ghoshray and
Pundit, 2020). Wei et al. (2024) and Tu et al. (2020) examine the effect of exchange rates,
commodity price levels, market volatility, and global economic indicators on the functionality of

631



Ekonomi, Politika & Finans Arastirmalar1 Dergisi, 2024, 9(4): 628-655
Journal of Research in Economics, Politics & Finance, 2024, 9(4): 628-655

the green bond market by examining Commaodities prices, currency rates, and especially the price
of WTI crude oil are the three key foundation stones for green bond market trends.

In literature, a large number of studies have examined the correlation of green bonds with
other financial markets and have demonstrated the forecast performance of models based on these
correlations. More recently, there has also research on price spillovers and co-movement effects
between the green bond market and other financial markets (e.g., Reboredo, 2018 and Dutta et
al., 2021 showing that price shocks in green bonds are affected by foreign exchange markets).
Furthermore, in their analyses of green bonds and financial markets, Reboredo and Ugolini (2020)
and Naeem et al. (2021) highlight the robust relationship between green bonds and the USD index
and bond index.

It was also mentioned in the literature how gold price affects green bond price forecasting.
Gao and Zhang (2023) also show that the gold price is significantly associated with green bonds,
highlighting an important role played by gold in the volatility of the green bond price. In addition,
it is controlled for cointegration between gold prices and other asset classes and therefore argued
that bond risk premiums can be estimated from commodity prices, especially gold prices (Bouri
et al., 2021a; Bouri et al., 2021Db).

The price of green bonds is how being discussed in line with the cryptosystem markets of
that era. Huynh et al. (2020) found that green bonds are necessary for climate hedging. Yadav et
al. (2022) conducted research on cross-market linkages for green bonds with crypto and other
markets. In their study, it is found that the green bond market provides protection against risk.
Since the analysis of green bond price prediction is a very complex task, information on stock
exchanges, stocks, and indices is very important. Different studies have tried to clarify the
relationship between these factors. Accordingly, Xi and Jing (2021) investigate the extent to
which returns of listed firms change after green bond issuance and find that investor demand for
green bonds has an undeniable impact on security value. Consistently, Zhou and Cui (2019) find
that green bond issuance has a positive impact on the stock price of firms with better profitability
and operational performance. According to Lebelle et al. (2020), for firms in 28 countries between
2007 and 2017, stock prices increased following green bond issuance announcements. Moreover,
Chai et al. (2022) reported that green bonds have a positive correlation with stock returns.

Green bond price forecasting using Artificial Intelligence (Al) has attracted much attention.
Cetin (2022) used Avrtificial Neural Network models to build a framework and identify predictors
based on green bonds to forecast corporate green bond prices. This resulted in better forecasting
accuracy facilitated by the application of artificial intelligence in modeling green bond price
dynamics. Wang et al. (2022a) developed a CEEMDAN-LSTM-based model for forecasting the
green bond index. Furthermore, Artificial Neural Networks with time series algorithms and
Machine Learning techniques have been applied to forecast asset prices in non-stationary
financial time series (Dutta et al., 2020). More specifically to financial assets, tree-based ensemble
machine learning models such as Random Forest and XGBoost have been applied to green bond
forecasting where their models have achieved better results than tree-based ensemble machine
learning models (Ampomah et al., 2020). These models demonstrate how artificial intelligence
can predict the prices and values of financial assets. Models such as backpropagation neural
networks and extreme learning machine neural networks have obtained success in predicting bond
dynamics with stock prices (Maneejuk, 2023). Al has also been used to predict the prices of green
securities and machine learning methods as well, such as Random Forests are among the forecast
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methods used in different financial applications (Sadorsky, 2021). Dorfleitner et al. (2022)
stressed the pricing of green bonds is mostly dependent on the influence of extrinsic variables,
and the extent of on environmentally friendly efforts in accordance with which models can be
constructed using Al-assisted methods to predict green bond prices. Together, these papers have
underscored the importance of Al-supported approaches in the prediction of green bond prices.

This study improves the literature by offering a novel perspective through the integration
of Al-assisted methodologies into current green bond pricing forecasting models. This study aims
to determine the most effective model by comparing several machine learning models, in contrast
to prior research that primarily examined the link between commodity prices, currency rates,
macroeconomic indicators, and the green bond index. This study further identifies the
macroeconomic elements to which the model assigns more significance using SHAP analysis, a
topic rarely addressed in the literature, and emphasizes the importance of variables such as DXY,
gold prices, and MSCI. In these aspects, our work diverges from the extant literature both
methodologically and practically.

3. Methodology

This study uses machine learning and the fundamentals of artificial intelligence in
predicting the daily green bond index. This paper contains a Section with respect to Dataset, its
preprocessing steps, hardware and software features of the computer for the analysis, machine
learning models for the prediction process, performance evaluation metrics, and the proposed
approach.

3.1. Dataset and Preprocessing

This tool-based analysis forecasts the daily green bond index based on data from 1 June
2021 to 29 April 2024. The analysis begins on 1 June 2021, which corresponds to the inception
date of the index used in this study. In a highly volatile market, determining a precise starting
point can be challenging. To address this, June was chosen as it represents a midpoint in the year,
offering a balanced reference for analysis. Moreover, as shown in Graphic 1, 2021 witnessed a
significant rise in green bond transactions, marking a pivotal period for sustainable finance. The
dataset consists of 710 daily observations of the MSCI, Gold Spot Price, WTI, US Dollar Index
(DXY), Global X S&P Green Bond Index ETF, and Bitcoin Spot Price (BTC/USD). In Table 1,
the sources of the variables that make up the data collection are shown.

Table 1. Sources of the Variables

Variables Curency Type Source
MSCI usb Input investing.com
Gold Spot Price usb Input investing.com
WTI usb Input investing.com
Dollar Index (DXY) usD Input investing.com
Bitcoin Spot Price usb Input investing.com
Global X S&P Green Bond Index ETF CAD Output finance.yahoo.com

Devereux (2009) argues that although there is volatility in the CAD/USD parity, these
fluctuations do not affect the stability of the CAD/USD parity in the medium and long run and
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therefore the relative impact of the parity can be neglected. For this reason, the Global X S&P
Green Bond Index ETF variable is denominated in CAD while the other variables are
denominated in USD.

The data set obtained above was then imported from an Excel file using Python's Pandas
package. Also the dropna() function from Python's Pandas package was used to remove any NaN
(missing) values from the dataset during data preprocessing. Next, the data frame was divided
into the independent variable (X) and dependent variable (Y). The data were standardized using
min-max scaling as part of a preprocessing stage. This improves the performance of the models
by converting each feature to a value between 0 and 1. In Equation 1, this scaling is shown.

X = Xmin
Xscaled Xmax — Xmin (1)

Following the data normalization procedure, the training and test sets of the data set were
separated for the regression process. Using the "train test split" command, the data was divided
such that the training set included 80% of the data and the test set comprised 20% (568 training
data and 142 test data sets were obtained). In order to ensure consistency in this process and to
allow comparison of model performances by splitting the data sets in the same way each time, the
‘random_state’ parameter was also used during data partitioning. Random_state acts as a random
number seed, ensuring that the same data partitioning is repeated in each run and the results are
comparable. This ensures consistency between different trials (Bisht and Bisht, 2022).

3.2. Software and Hardware

Sign with green papers shall be predicted in this study. The data for the prediction is
obtained from published daily through the report database. Eight models are employed using the
scikit-learn library, a popular Python library for the implementation of various machine-learning
models. The scikit library is preferred in the sub-section because, in comparison with the other
libraries, using the scikit library is the easiest way to implement random forest, linear regression,
rational quadratic GPR, XGBoost, MLP, and linear SVM models (Hao and Ho, 2019). For the
rational quadratic GPR model, the authors used the GaussianProcessRegressor class from the
scikit library. The scikit library is also used for the implementation of random forest and linear
regression. Based on the explanations given for each model. The library recommended for the
XGBoost model is the xgboost library, while the SVM module of the sci-kit-learn library was
used for the linear SVM model. For multilayer perceptron models, the tensorflow or Keras
libraries were used. These libraries are powerful and are widely used in making models for data
analysis and machine learning (Gevorkyan et al., 2019). The pandas and numpy libraries were
also used for making models for data manipulation and computation as well as for other general
mathematical calculations. Moreover, the matplotlib and Seaborn libraries were used for data
visualization during data processing and model evaluation. Using these libraries together, various
machine-learning projects can be completed from start to finish.

The computer hardware utilized for all regression procedures is characterized by the
following specifications. The processor is represented by a high-performance 8-core Intel Core
i7-10700K. In comparison to lower generations of Intel processors, it facilitates higher
performance when dealing with larger datasets and conducting more complex mathematical
operations. The amount of RAM stands at 32 GB is DDR4, which appears to be sufficient to avoid
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capacity shortages during datawork and model training. The graphics card enacting NVIDIA
GeForce RTX 3080 type also belongs to the category of powerful GPUs. It is primarily tasked
with enhancing computational power, a feature that is valuable when dealing with machine
learning models. The amount of storage is equal to 1TB which is provided by means of an NVMe
SSD.

3.3. Machine Learning Models
3.3.1. Random Forest Model

Random Forest was introduced as a machine-learning technique by Breiman in 2017 (Chen
et al., 2020). This is known as Bagging, a random forest model method that randomly selects
more features through a forest (or collection) of decision trees to improve node partitioning and
then improves model performance without overfitting (Ren et al., 2020). This algorithm has been
applied in a wide variety of fields as it is very cost-effective in tasks related to prior pattern
recognition. The random forest has also been used in medical prognosis to predict response to
treatment, survival rates, and clinical behavior in complex diseases such as mid-to-late stage
cervical cancer (Liu et al., 2021) and anti-LGI1 encephalitis (Li et al., 2022). Furthermore, the
random forest model has been used in environmental research on soil moisture and hydrology
(Wang et al., 2022b) and in taste and odor prediction in drinking water reservoirs (Kehoe et al.,
2015). In addition to these, random forest models have been implemented in green bond market
studies in order to forecast price movements, performance scores, and volatilities (Xia et al., 2022;
D’Amato et al., 2022; Soltani et al., 2024).

Random forest methods are known for their application to complex data features and their
strong predictive performance. This is because it is very simple, versatile, and can easily work
with high-dimensional data (Mufioz et al., 2018). The random forest model has undergone other
modifications and extensions. For example, Shahhosseini (2021) considered weighted random
forest models for classification tasks. Also, for forecasting tasks, Sun et al. (2020) propose
randomized Shapley forests. Random forest is a very flexible and easy-to-use algorithm that can
be used in most of the highly competitive solutions. Batch learning combined with decision trees
is a very powerful support for various prediction problems.

3.3.2. Linear Regression Model

Usually, the Linear Regression Model is used for linear regression. A statistical technique,
multivariate analysis aims to understand and predict the relationship between a dependent variable
(YY) and multiple independent variables (x1, X2,..., Xk). The goal of linear regression is to estimate
the value of each regression coefficient, considering the sign, size, and statistical inference of
each predictor variable. The forecast target of linear regression estimates how well the
explanatory variables can predict the explicative variable (Harrell, 2015). Linear Regression
Prediction Models formula is give in Equation 2 (Pentos et al., 2022):

Yo =XB + & 2

This is given by the equation Y;, the expected value at time t. The vector B = (B0, B1, ...,
Bk) relates the independent and dependent variables. The vector X;= ( 1, X1t, X2t,..., Xjt) is a j-
dimensional vector containing the j-dependent variables at time t. The stochastic error term at
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time t is denoted by &, where t=1, ..., N and the error terms are chosen from a Gaussian
distribution.

3.3.3. Rational Quatratic GPR Model

The GPR approach was first suggested by Rasmussen (2003). GPR has the advantage over
other techniques that allow easy combinations of multiple ML tasks such as parameter estimation.
Thus the regression simplified and its control on the output diminished, which shall make the
whole process of regression explicable. The flexible kernel function of GPR is able to provide a
confidence interval for prediction whereas GPR works very well even with a small training data
set. A limitation of the prediction method is that its cost of computing grows cubically with |x|,
which is impractical for all but small data sets (Su et al., 2019). Recent advances from the machine
learning community have focused on the development of non-parametric methods to handle very
nonlinear problems; one of the most well-known is the Gaussian process (GP). The system
includes some stochastic variables, and it is considered that the distribution of all the input and
output data is Gaussian. The GP assumes probability distributions for any feasible function that
are consistent with the training dataset. Because of this, a GP’s variable count is infinite and
increases with the size of the training dataset. GPR is a mathematical model made up of a kernel
function t(x, x') and a mean function n(x). (Zazoum, 2022).

F(x) = GPR(n(x), t(x,x") 3)

The measure of central tendency for the variable F is represented by the sign n (x). The
values of the test input "x" and test output "Y" are linked in the following way.

Y=F(x)+¢ (4)

The independent noise term is represented by the symbol e. It is covered by a distribution
with zero mean and o, variance. It has the following definition:

e =D(0,02) (5)

The sample from the dataset follows a marginal probability, which is defined as:
HWIf) =DWIf.om)) (6)
Y =[Y,Y, Vs e, VI ©)
=10, flx2), fx3), e oo  f Cen)]” (8)

The forecast dataset conforms to a specific distribution, which is defined by:

H(¥s|x,x",Y) = D(us, 0%) 9)
us = ksy (ki + o)) ~'Y (10)
0f = kss — ksy (km + o)) " ks (11)

us and o2 are the posterior mean and posterior variance respectively (in the case of GP).
For the Input Layer, x and J are square matrices of size (M x M) and ks, is the covariance matrix
between training and test data, respectively.
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3.3.4. SVM Model

Cortes and Vapnik introduced the support vector machine (SVM) in 1995 as supervised
learning. SVM has a number of advantages, such as the ability to handle small sample sizes, the
generalization of dimensional spaces well and flexibility etc. It also can recover from the
shortcomings of local optimal solutions. The kernel of statistical learning theory, central of
learning theory SVM, The SVM considers three main tasks: density-probability estimation,
regression prediction and pattern recognition. The fundamental principle of SVM is to establish
a continuous functional linkage between input and output views, relying on a few training data
points. The objective is to make sure that the regression function can be as smooth as possible
while minimising the error between the predicted regression value and the actual output value
(Liu et al., 2020). Successive states of the SVM approach are defined in Equation 12-18.

f)=w" (x)+b (12)

_ _ {0 ly—f@)l<e

. 1
( Mlﬂ.z”ﬂ)”z +CY &

yi—wCD(xl-)—b S€+€i (14)
sub.t.{—y; + o®(x;)) + b < e+ &
L 6 20
w* = Vi (@ — ) d(x) (15)
b* = ﬁ{20<ai<c[%’ — Y esv(@ — a)K (x;, %) — €] + To<a;<c [Yi - 16
Yxesv(aj = a )K (x;, x;) + s]}
K(x;,x;) = exp (— IIxZ—;ZiIIZ) (17
fx)= Y (a; — a))K(x;,x) + b* (18)

The SVM calculates a linear regression function denoted as f(x) in a high dimension space.
That is the sample vector with x being any real number. Mapping of that function is done in non-
linear fashion. This is of great benefit for the optimization problem, as it is used the linear
insensitivity loss function L(f (x), y, €). The loss function is represented by Equation 14. Equation
14 represents the input vector as x; and the output value as y;. The variables in question are
associated with a certain serial number, denoted by the symbol i. The set of real numbers,
represented by the letters R, includes the variables x; and y;. The dimension of the input vector
is d. In this case, the cardinality of the items in an input vector is indicated by the variable d. The
number of training samples is indicated by n. The degree of accuracy in regression analysis is
indicated by the symbol &. The variable C represents a penalty factor that quantifies the severity
of the penalty imposed on a data sample when its mistake surpasses the threshold value €. The
slack variables &; and &; are used to apply penalties on the complexity of the fitting parameters.
In order to ascertain the estimation of variables aand b, it is imperative to address the optimization
problem as delineated in Equations 15 and 16. The variable N, represents the number of support
vectors that have been explicitly identified. The Lagrange multipliers, represented by «; and «;,
must satisfy the condition of being greater than or equal to zero. Equation 17 in this particular
case employs the kernel function, represented as K(x;, x;). The Gaussian kernel function, known

e
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for its exceptional capacity to generalize, is selected. Equation 18 denotes the ultimate regression
function. The SVM model employed a kernel function.

3.3.5. XGBoost Model

The machine learning technique XGBoost is helpful in predicting prices. This technique
has been used in a wide range of fields, such as stock price prediction (Zheng et al., 2017; Yue et
al., 2021), home price prediction (Zaki et al., 2022; Sharma et al., 2024), power price prediction
(Wuetal., 2022), gold price prediction (Jabeur et al., 2024), and stock market collapse forecasting
(Zhu et al., 2022). Additionally, according to Simsek (2024), XGBoost has also been used in the
process of enhancing the performance of models that anticipate stock prices. Traditional Boosting
Tree approaches only rely on first derivatives. The distributed training of the n™ tree becomes
more difficult when the residual from the preceding n-1 trees is included. Through the use of
second-order Taylor expansion of the loss function, CPU multithreaded processing is optimized
in XGBoost. XGBoost uses a variety of methods to reduce overfitting (Li et al., 2019).

The method outlined in Equations 19-26 is used to solve the XGBoost algorithm. Equation
19 represents the collection of regression trees, denoted as F. The variable f;, reflects the number
of learners who are weak, whereas K represents the total number of learners who are weak.
Equation 20 provides the goal function. The parameter l(yi, 9i(t)) in Equation 20 includes a range
of loss functions that are used to address specific problems. Equation 20 is often used to measure
the discrepancy between the actual value (y;) and the predicted value (37i(t)), as well as the overall
intricacy of the model, denoted by Y% _; Q(f,). To evaluate the major component, substitute the
expected value (yi@) for the sample i in the repeated cycle t". The calculation is performed by
using the subsequent approximation of the Taylor series at the expected value of y from the
previous iterations, referred to as (9;(*~"), as seen in Equation 19. In Equation 22, the variables
gi and h; represent the first and subsequent derivatives of the loss function l(yl-, Vi (t)). Based on
the information provided above, now it can be calculated the derivative by substituting the
corresponding formulas from Equations 22, 23, and 24 into Equation 20. Equations 25 and 26
may be used to formulate solutions for a problem. The numerical representation of the outcomes
of the loss function is denoted by the variable obj*. A lower score indicates that the assessed tree
structure is more idealistic. The variable w; offers the optimal answer for the weighting variables
in the specific case under evaluation.

i =00x) = Xi=1 f (o), fi € F (19)

min LO (y;, ;) = min(Z%, (v, 5:9) + Th—1 Qf)) (20)
Q(f) = yT +5w? (21)

minL© = min (S [gif () +3 hif200)| + () (22)

9i = 95 -l yi™) (23)

hi = 021 10y, 7Y (24)
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The usefulness and superiority of XGBoost in comparison to other machine learning
algorithms has been shown by the fact that it has been demonstrated to be a flexible and strong
tool for price prediction across a variety of distinct areas.

3.3.6. Multilayer Perception (MLP) Model

MLP is a simple type of artificial neural network with only one or many continuous layers.
At aminimum, a multilayer perceptron should contain an input layer, a hidden layer and an output
layer. MLP architecture usually has several hidden layers, which can be used to solve difficult
problems (such as approximation) because they provide approximate solutions. By its nature, the
Association Representation is a directed graph that maps a set of input vectors to a set of output
vectors and reflects the MLP concept. It is a layer of node models that are connected in some way
to the members of the next layer. Synaptic connections are also known as synapses or links
(Pinkus, 1999; Gao et al., 2020). MLP models are used to model complex situations and predict
test scores in multidimensional data (Wilamowski, 2009).

After calculating the weighted sum of inputs with the bias unit, on each unit, or neuron, an
activation function is applied in an MLP. The outcome is then produced. The mathematical
representation of the result produced by the neuron, is given by Equation 27.

a; = f(Xi=1 wijx; + b)) (27)

Here, a; is the activation or output of the neuron j, “f” is the activation function which can
be sigmoid, tanh, ReLU etc where w;; is the weight between the input i and the neuron j.
Additionally, b; is the input value “i” and x; is the bias value of neuron j. In MLP, each layer
receives signals from all neurons in the previous layer and multiplies these signals by weights.
The output of a neuron can also be given as input to the next layer. This process continues until
the output layer is reached. For the final activation function in the output layer, it may depend on
whether the problem is a regression or classification problem. This allows the network to calculate
the errors in the outputs that the network penalizes and then adjust the weights of the network to
minimize the errors (Boughrara et al., 2016). This is a mathematical update of the weights as in
Equation 28:

new _ ., old _  _aE
Wi =W —n awy; (28)
where ‘w;;*"” is the new weight value, ‘Wl-ojld’ is the existing weight value, ‘n’ is the learning

rate, ‘E’ is the error function and ‘%’ is the partial derivative of the error function for the weight.
ij

As mentioned above, the hyperparameter configurations for all the methods analyzed in this study
were made with the Random Search algorithm and are shown in Table 2.
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Table 2: Determined Hyperparameters of the Models as a Result of Optimization with Random

Search Algorithm

Random Forest

Linear Regression

Rational Quadratic GPR

n_estimators: 100
max depth: 40

min samples split: 2
min samples leaf: 1
max features: log2
bootstrap: False
Random state: 42

Preset: Linear
Terms: Linear
Robust option: Off
Fit_intercept: True
Random state: 42

Basis Function: Constant

Kernel Function: Rational Quadratic
Use Isotopric Kernel: Yes

Kernel Scale: 1.0

Signal Standard Deviation: 1.0
Sigma: 1.0

Optimize Numeric parameters: Yes

criterion: gini n_restarts_optimizer: 0
Alpha: 1e-10
Random state: 42
Linear SVM XGBoost MLP
Preset: Linear Subsample: 0.7 Activation: ReLU
Epsilon: 0.1 n_estimators: 300 Alpha: 0.01727
C: 100 max_depth: 7 Hidden layer sizes: (50,50)
PCA: Disabled learning rate: 0.05 Learning rate: Adaptive
Max_iter: 1000 colsample_bytree: 1.0 Learning_rate_init: 0.00073
Tol: 1e-3 min_child_weight: 1 Max_iter: 1000

Shrinking: True
Cache_size: 200
Verbose: False

gamma: 0
reg_alpha: 0
reg_lambda: 1

Optimizer: Adam
Loss Function: Mean Squared Error (MSE)
Batch_size: 32

Random state: 42 scale_pos_weight: 1 Beta_1:0.9
Random state: 42 Beta_2: 0.999
Epsilon: 1e-8

Early stopping: False
Tol: 1e-4 Random state: 42

3.3.7. SHAP (Shapley Additive Explanation) Approach

Machine learning has demonstrated significant potential in predicting time series data, yet
the lack of interpretability in its predictions often hinders practical applications. To address this
challenge, Lundberg and Lee (2017) introduced the SHAP (SHapley Additive exPlanations)
method, which is designed to explain the predictions of complex machine learning models,
including LightGBM, NGBoost, CatBoost, XGBoost, and Scikit-learn tree-based algorithms.

SHAP builds on the foundational concepts of game theory proposed by Shapley (1953),
offering a systematic approach to assess the contribution of each input feature to a model’s
prediction. By calculating Shapley values, the method enables users to determine how much each
variable influences the outcome for a specific input instance. This level of transparency helps
bridge the gap between the black-box nature of machine learning models and the need for
explainable, actionable results. The Shapley value is calculated as follows (Jabeur et al., 2024):

¢ = 2 ZKA@ () - g (™)) (29)

where g (x’}fj) represents the forecast for particular input (x), but with a stochastic number of
feature values.

Lundberg et al. (2018) developed TreeSHAP, a specialized approach for interpreting
gradient boosting models such as XGBoost. TreeSHAP improves upon conventional methods like
feature importance metrics and partial dependence plots by offering a more precise and consistent
explanation of feature contributions within the model. Jabeur et al., (2024) propose that
TreeSHAP interaction values can be determined in the following manner:
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S| 1M —|S|—2)!
2(M—-1)! 8i;(S) (30)

(Di,j =
SCSN{i,j}
While i # j,6;;(S) = fr(SU{i,j} = f(SU{i} - fL(SU{} + £ (5), M represents the
quantity of features, whereas S represents all potential feature subsets. SHAP values enhance our
comprehension of tree models by including feature significance, feature dependency
visualizations, local explanations, and summary plots.

3.4. Performance Evaluation

Different evaluation measures such as MSE, MAE, MAPE, RMSE, and R? were used to
observe how well the machine learning models performed the obtained results were used evaluate
the prediction accuracy and efficiency of green bond prices models. The mathematical
calculations of these metrics are shown in Equation 31-35 respectively.

RMSE — zﬁilcjvi—;oi)z (31)
MAE = Z?=1Izi—9il _ Z?:J; ej (32)
MAPE = n;% x 100 (33)
MSE = ~ %I, (v; — 90)° (34)
R =1- 38 @

where y; means the true rating in testing data set at time i; y; means the prediction rating at
time i; e refers to the error of the model; u means the difference between the actual value and the
predicted value; N is the quantity of rating prediction pairings between the test data and the
predicted results.

3.5. Proposed Approach

This research compares the performance of many artificial intelligence and machine
learning models to determine which forecasting model is the most successful in predicting green
bond values. This approach is designed to enhance forecasting accuracy and optimize financial
analysis processes. The steps of data collection, preprocessing, and model training were
meticulously planned and executed. Furthermore, a variety of indicators are used to evaluate the
models' performance. An explanation of the general organization and functioning of the suggested
method is given in this context via a diagram, upon which a thorough analysis will be based.
Figure 2 depicts the suggested approach's visualization.
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Figure 2. Proposed Approach

The approach outlined in Figure 2 follows a multi-stage and systematic process for
forecasting green bond index. Initially, an extensive dataset is constructed using independent
variables such as the MSCI, Gold Spot Price, WTI, DXY, and Bitcoin Spot Price. After that, this
dataset is split into training and test sets, and each set goes through a series of data pretreatment
procedures to be ready for modeling. During the modeling phase, various machine learning and
artificial intelligence methods are employed. These models include Random Forest, Linear
Regression, Rational Quadratic GPR, XGBoost, MLP, and Linear SVM. In addition, the models
apply random search optimization, which helps increase the performance of each model. The
training data is used in the training of the models which are then applied to the test one generating
predictions. As such, the predictions made are compared to the actual HGGB values. In addition,
measured performance against RMSE, MAE, MAPE, MSE, and R2 are as follows: The models
will also be compared: the results from the two models will be compared to evaluate how well
the models are performing relative to each other and how accurately the models are predicting
green bond prices. Lastly, the final end goal of the quantitate analysis is to streamline the process
of financial analysis and identify the best model for the future value that can be expected.

4. Findings

In this section, first, it is presented a correlation analysis between the variables used in the
study. The results of the correlation analysis are shown in Figure 3. Following the correlation
analysis, it is presented a discussion of the results of the Al-based machine learning techniques
and their performance in green bond forecasting. Five different evaluation metrics are used to
measure the accuracy and efficiency of the models: Random Forest, Linear Regression, Rational
Quadratic GPR, XGBoost, MLP, and Linear SVM. In the first step, the models are trained using
data from the training set. After comparing the training performances, the results are measured
using R%, MAE, RMSE, MAPE, and MSE for comparison purposes. The prediction plot of the
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training results is shown in Figure 3, while Table 3 shows the metric measurements of the training
results.

HGGB

0.36
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=
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Figure 3. Correlation Matrix (Upper Triangle)

The correlation matrix in Figure 3 shows the relationship between HGGB (the dependent
variable) and other independent variables, as well as the relationships between the independent
variables themselves. Looking at the correlations of HGGB with other variables, it is seen that
the highest positive correlation is with BTC (Bitcoin) at 42%, indicating that HGGB has a
moderately positive relationship with Bitcoin prices. A positive correlation of 36% was also
observed with the MSCI (international stock index). On the other hand, its correlations with XAU
(gold price) and DXY (US dollar index) are negative by 0.36% and 0.87%, respectively. This
suggests that the HGGB has a particularly strong negative correlation with the DXY, indicating
that as the dollar index increases, the HGGB tends to decrease in a statistically linear relationship.
The strong negative correlation between HGGB and DXY (—87%) aligns with the SHAP analysis
results, which identify DXY as the most influential variable in predicting HGGB fluctuations.
This correlation reinforces DXY's dominant role in the model's predictions. Among the other
independent variables, the strong positive correlation between MSCI and BTC (88%) is
noteworthy, suggesting that the price movements of the two assets are closely correlated. WTI
(crude oil prices), on the other hand, is generally weakly correlated with other variables. In
particular, its relationship with HGGB is very weak, with a negative correlation of 8%.

Figure 4 shows the prediction graphs of the training results of the models used in the
prediction of the green bond index. In the Random Forest, Rational Quadratic GPR, and XGBoost
models, the lines between the actual (blue) and predicted (red) values are closely intertwined,
indicating that these models produce highly accurate predictions on the training set. The tight
match between the anticipated and real values indicates a high level of model performance.
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Conversely, although the Linear Regression, MLP, and Linear SVM models also produced
reasonably accurate predictions, there are notable discrepancies between the actual and predicted
values in certain periods. This is primarily due to their limited capacity to capture non-linear
relationships adequately. The models with the highest overall performance were the Random
Forest, Rational Quadratic GPR, and XGBoost models; the models with the worst performance
were the Linear Regression, MLP, and Linear SVM models. These findings indicate which
models are more effective on the training set.
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Figure 4. Prediction Graphs of the Training Set of the Models
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Table 3. Metric Measurements of Training Results of the Models

Random Linear Rational Linear

Forest Regression  Quadratic GPR XGBoost MLP SVM
RMSE 0.0125 0.0942 0.0057 0.0076 0.0721 0.0945
MSE 0.0010 0.0088 0.0001 0.0006 0.0052 0.0089
MAE 0.0093 0.0736 0.0021 0.0018 0.0572 0.0749
MAPE 0.0029 0.0145 0.0004 0.0006 0.0113 0.0147
R? 0.9969 0.9184 0.9999 0.9998 0.9520 0.9175

Additionally, the metric measurements of the training results of the models, as presented
in Table 3, provide a detailed view of each model's performance. With an RMSE of 0.0057, MSE
of 0.0001, MAE of 0.0021, MAPE of 0.0004, and R? of 0.9999, the Rational Quadratic GPR
model performs the best, showing that the predicted values almost exactly match the actual values.
Similarly, with an RMSE of 0.0076, MSE of 0.0006, MAE of 0.0018, MAPE of 0.0006, and R?
of 0.9998, the XGBoost model did very well. With an RMSE of 0.0125, MSE of 0.0010, MAE
0f 0.0093, MAPE of 0.0029, and R? of 0.9969, the Random Forest model likewise showed great
performance. In contrast, the MLP model demonstrated strong performance with an RMSE of
0.0721, MSE of 0.0052, MAE of 0.0572, MAPE of 0.0113, and R? of 0.9520. The Linear
Regression model performed quite well, although it struggled to capture non-relativistic
correlations with RMSE = 0.0942, MSE = 0.0088, MAE = 0.0736, MAPE = 0.0145, and R? =
0.9181. The Linear SVM model showed an average performance with RMSE = 0.0945, MSE =
0.0089, MAE = 0.0749, MAPE = 0.0147 and R? = 0.9175. The Rational Quadratic GPR model
was the most effective model in predicting the green bond index. In general, the numerical results
revealed that the XGBoost and Random Forest models also performed well. Figure 5 below
reports the prediction graphs of the models on the test set.
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Figure 5. Prediction Graphs of the Test Set of the Models
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Figure 5. Continued

The graphs presented in Figure 5 illustrate test outcomes for the various models used to
predict green bond index. Specifically, these graphs plot the changes in realized and predicted
over time. It was determined that the most performing model was the Rational Quadratic GPR
model, as the lines connecting realized and anticipated values show a very accurate forecast. In
addition, the Random Forest and XGBoost models had very close to reality-predicted values on
the test data. The MLP model, which was used to find non-linear relationships in data, presents
very accurate forecasts. Finally, the Linear Regression and Linear SVM models showed that the
predicted values were significantly different because the models were unable to find non-linear
relationships properly. These experiments once again revealed that the most suitable model for
forecasting green bond index is Rational Quadratic GPR, followed by other two models from the
previous tests, XGBoost and Random Forest. Furthermore, the MLP model is one of the most
performing models as well, while the Linear Regression and Linear SVM provide the weakest
results. It should be noted that the results offered in Table 4 are used to arrive at these conclusions.
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Table 4. Metric Measurements of Test Results of the Models

Random Linear Rational Linear

Forest Regression Quadratic GPR XGBoost  MLP SVM
RMSE 0.0305 0.1019 0.0260 0.0324 0.0781 0.1026
MSE 0.0010 0.0103 0.0006 0.0011 0.0061 0.0105
MAE 0.0178 0.0818 0.0181 0.0187 0.0645 0.0837
MAPE 0.0035 0.0160 0.0035 0.0037 0.0127 0.0163
R? 0.9897 0.9181 0.9946 0.9885 0.9510 0.9172

A thorough understanding of each model's performance may be obtained from the metric
measures of the test results of the models shown in Table 4. Among the models, the Rational
Quadratic GPR model performs the best, with R? of 0.9946, RMSE of 0.0260, MSE of 0.0006,
MAE of 0.0181, and MAPE of 0.0035. This demonstrates very high prediction accuracy by
demonstrating a very little discrepancy between the actual and projected numbers. The XGBoost
model also performed extremely well, with an R? of 0.9885, RMSE of 0.0324, MSE of 0.0011,
MAE of 0.0187 and MAPE of 0.0037. The Random Forest model performed well with an RMSE
of 0.0305, MSE of 0.0010, MAE of 0.0178, MAPE of 0.0035, and R? of 0.9897. MLP model —
RMSE of 0.0781, MSE of 0.0061, MAE of 0.0645, MAPE of 0.0127 and 0.9510 R2, which is not
as good as two other models but still a good result. The average Linear Regression and Linear
SVM models (respectively) achieved RMSE values of 0.1019 and 0.1026, MSE values of 0.0103
and 0.0105, MAE values of 0.0818 and 0.0837, MAPE values 0of 0.0160 and 0.0163, and R? values
0f 0.9181 and 0.9172. These results illustrated that the Rational Quadratic GPR model is the most
suitable to establish predictive models for the green bond index, with Random Forest, and
XGBoost being the second and third effective models respectively, and the MLP method is
effective but slightly worse than the two above models, Lasso regression, linear regression, linear
SVM presented mediocre performance.

In this study, time series cross-validation is used to evaluate the model while preserving
the temporal structure of the data. n_splits=5 is chosen and the dataset is split into five sequential
folds, where each training set progressively contains past observations and the corresponding
validation set consists of future data points immediately following the training period. This
approach avoids data leakage by maintaining the chronological order of the data and simulating
real-world forecasting scenarios where future observations are not available during model training
(Montafio et al., 2020). As a result, time series cross-validation provides a reliable assessment of
the model's generalization performance over time and its predictive ability in unseen future
periods (Blossier et al., 2017). The scores, obtained from time series cross-validation results in
Table 5, are shown which again indicates the generalization competencies of our models.

Table 5. Metric Measurements of Time Series Cross-Validation Results of the Models

Random Linear Rational Linear

Forest Regression  Quadratic GPR XGBoost MLP SVM
RMSE 0.0499 0.0985 0.0442 0.0704 0.0736 0.0985
MSE 0.0026 0.0097 0.0021 0.0051 0.0055 0.0097
MAE 0.0329 0.0750 0.0267 0.0542 0.0580 0.0745
MAPE 0.0065 0.0148 0.0052 0.0107 0.0114 0.0148
R? 0.9745 0.9072 0.9798 0.9507 0.9475 0.9074
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Table 5 presents the results of the time series cross-validation for six models, evaluated
using multiple performance metrics: RMSE, MSE, MAE, MAPE, and R2. The Rational Quadratic
GPR achieved the best performance across all metrics, with the lowest RMSE (0.0442), MSE
(0.0021), MAE (0.0267), and MAPE (0.0052), along with the highest R? (0.9798), indicating its
superior generalization capability and accuracy in capturing the patterns within the data. The
Random Forest model also demonstrated strong performance, achieving an R* of 0.9745 and
competitive error values, with an RMSE of 0.0499 and MAPE of 0.0065, positioning it as the
second-best performer. In contrast, the Linear Regression and Linear SVM models yielded the
highest error values, such as RMSE of 0.0985 and MAPE of 0.0148, with relatively lower R?
values of 0.9072 and 0.9074, respectively, indicating their limited ability to handle the complexity
of the dataset. The XGBoost and MLP models achieved intermediate performance, with R? values
of 0.9507 and 0.9475, respectively, and moderate error metrics. These results demonstrate that
nonlinear and ensemble-based models, such as Rational Quadratic GPR and Random Forest, are
better suited for the underlying time series data due to their capacity to capture complex
relationships, while linear models show relatively lower performance in comparison.
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Figure 6. SHAP Analysis Results of Rational Quadratic Gaussian Process Regression Model

Figure 6 presents the results of the SHAP analysis, illustrating the feature importance
assigned by the Rational Quadratic GP regression model and the impact of each independent
variable on the model's predictions. In the SHAP summary plot (top), the horizontal axis
represents the SHAP value, indicating the marginal impact of each feature on the model output,
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while the colour indicates the feature value (red for high values and blue for low values). In the
SHAP bar chart (below), the features are ranked by their average absolute SHAP value,
highlighting their relative importance in the model. The DXY (US Dollar Index) stands out as
the most influential determinant in the model, with the largest average absolute SHAP value. The
wide dispersion of SHAP values for the DXY indicates its complex and non-linear relationship
with the model's predictions. Importantly, high DXY values (red dots) tend to have a negative
impact on model performance, while low DXY values (blue dots) generally have a positive
impact. WT]1 (crude oil price) is the second most important variable but with a more limited impact
compared to DXY. In contrast to DXY, the SHAP values for WTI are more concentrated around
zero. However, high WTI values (red dots) tend to have a positive effect, while low WTI values
(blue dots) tend to reduce model performance. The narrower range of SHAP values for WTI
suggests a more consistent but weaker impact on predictions. The MSCI index shows a relatively
small impact, with SHAP values clustered around zero. Both high and low values of the MSCI
(red and blue dots) do not show a consistent direction of influence, indicating its limited
contribution to the model. Similarly, the gold price (XAU) and bitcoin price (BTC) are the least
influential variables, with SHAP values largely clustered around zero. In summary, a high WTI
helps model forecasts, while a low WTI has a negative impact. High DXY values negatively affect
model forecasts, while low DXY values have a positive effect. The MSCI index has a minimal
and inconsistent influence, while XAU shows a distinct pattern where high values negatively
impact performance, and low values positively influence it. BTC remains the least influential
variable, with negligible contribution to model predictions.

5. Conclusion, Discussion and Recommendations

This study utilizes various artificial intelligence-supported machine learning methods to
forecast the green bond index. Green bonds are crucial in financing sustainable and
environmentally friendly projects, making accurate price predictions highly significant for
investors and policymakers. By using many machine learning models to better capture the
oscillations and nonlinearities in the green bond market, this study advances the discipline.

This is distinctive to the study in that it explains the working mechanism of the Rational
Quadratic GPR model because of SHAP analysis and exemplifies higher results compared to the
rest of the studies resembling the same kind. In the training and testing stages, the trained Rational
Quadratic GPR model was found to be the best model among the models used in this study. Based
on the cross-validation results, the Rational Quadratic GPR model has the lowest error rates along
with the highest accuracy in RMSE, MSE, MAE, MAPE, and R? metrics. This model found
success because it able the nonlinear, bond index. Our model accurately captured extreme events
in the green bond market, including bursts of energy price shocks and COVID-19-induced
economic turbulence over the period of the dataset.

The SHAP analysis shows that economic, macro, and financial characteristics such as DXY
(US Dollar Index) and WTI (West Texas Qil) are important in influencing the model forecasts.
This analysis has explained the features that have more weight and will affect the forecast results.
A high DXY or WTI helps model forecasts, while a low DXY or WTI has a negative impact.
Similarly, higher values of the MSCI increase forecasts, while lower values decrease them. BTC
(Bitcoin Spot Price) and XAU (Gold Spot Price) affect the forecasts in a more balanced way and
with a smaller effect area than the others. These findings are important in explaining how the
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model makes predictions and which factors are more important for predicting the value movement
of the green bond.

The results of the study are in line with prior findings in the literature. Studies by Wang et
al. (2022a) and Cetin (2022) show how good artificial intelligence models predict the values of
green bonds. As the predictions from these experiments have demonstrated, the rational quadratic
GPR model is better as it can incorporate nonlinear interactions. In addition, the findings are
consistent with Reboredo (2018) and Abakah et al. (2022), which delve into relationships between
the green bond market and other related financial assets dynamism. However, the research does
have some limitations. For one, assessments run over a larger time frame might offer a better
evaluation of the models' performance as the data set covers only limited time. Next up, other
methods could again improve the hyperparameterization of the models. Wider and diversified
datasets need to be used in the future for the evaluation of the models as well as newer
optimization techniques. Additionally, a deeper dive into other factors that can drive the value of
green bonds could create a model more precise.

In conclusion, this research aims to exhibit the potential of machine learning-based tools
with Al support in predicting the value of green bonds, and provides prospective areas of research
using this research. Importantly, the Rational Quadratic GPR model was competent at predicting
fluctuations and outliers in the green bond market, while identifying nonlinear relationships, one
of the study's principal findings. This indicates that this model can be used for a general financial
analysis and investment selection initiative.

This study provides a basis for comprehending the dynamics of green bond markets via
advanced machine learning approaches; yet, several opportunities for additional investigation
remained. Future studies should examine the effects of currency volatility by standardizing all
data into a uniform currency, such as USD. Although our research indicates negligible effects of
CAD/USD fluctuations over the study period, precise currency adjustments may heighten
sensitivity. Furthermore, expanding the dataset to encompass extended timeframes and
incorporating a broader array of green bond indexes will enhance the validity of the results,
particularly during times of economic instability. Ultimately, investigating supplementary factors
like interest rates or ESG measures, together with employing sophisticated machine learning
techniques such as ensemble learning, may enhance predictive accuracy and broaden the
usefulness of these models in sustainable finance. By focusing on these aspects, subsequent
research might enhance the comprehension of green bond dynamics and refine financial
forecasting instruments.
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Abstract

The relationship between inflation, economic growth, and income distribution in
Tiirkiye is examined in this study. The F-ADL cointegration test was applied as
the econometric method. The first result obtained is that economic growth has an
increasing effect on income inequality. The second result is that inflation has a
reducing effect on income inequality. The third result is that inflation and economic
growth have an asymmetric relationship with income distribution. Economic
growth initially has a positive effect on income inequality and then a negative effect
beyond a certain threshold, indicating a “reverse U” shaped relationship. This result
shows that the Kuznets hypothesis is valid in Tiirkiye. Regarding the relationship
between inflation and income inequality, inflation initially has a negative effect,
and then, after a certain threshold, the effect becomes positive, indicating a “U”
shaped relationship. The findings are consistent with the literature. When
relationships are linear, a single policy may be sufficient; however, in cases of
asymmetric relationships, varied and multiple policies may be required. Thus, it is
advisable to consider the asymmetry in the design of income distribution-regulating
and welfare-enhancing economic policies.

Oz

Bu calismada Tiirkiye’de enflasyon, ekonomik biiyiime ve gelir dagilimu iligkisi
incelenmistir. Ekonometrik y6ntem olarak F-ADL es biitiinlesme testi
uygulanmigtir. Elde edilen ilk sonug ekonomik biiyliimenin gelir esitsizligini artirict
etkisi oldugudur. ikinci sonug¢ enflasyonun gelir esitsizligini azaltici etkisi
oldugudur. Ugiincii sonug¢ ekonomik biiyiime ve enflasyonun gelir dagilimi ile
iliskisinde asimetrik iligkinin var oldugudur. Ekonomik biiyiime gelir esitsizligini
once pozitif etkilemekte ve bir noktadan sonra negatif etkilemektedir. Bu durum
“ters U” seklinde bir iliskiyi ifade etmektedir. Bu sonu¢ Kuznets hipotezinin
Tirkiye icin gegerli oldugunu gostermektedir. Enflasyon ve gelir esitsizligini
iliskisinde ise enflasyon once negatif etkilemekte bir noktadan sonra etki pozitif
olarak gerceklesmektedir. Bu durum enflasyon ve gelir esitsizligi iliskisinin “U”
seklinde oldugunu gostermektedir. Elde edilen sonuglar literatiirle uyumludur.
iliskiler dogrusal oldugunda zaman igerisinde tek bir politika yeterli olabilirken
asimetrik iliskilerde degisken ve g¢oklu politikalara ihtiya¢ olabilmektedir. Bu
sebeple gelir dagilimmi diizenleyici ve refah artirici ekonomi politikalarinin
uygulamasinda iliskilerin asimetrik olabilecegi gercegi dikkate alinarak
diizenlemelerin yapilmasi tavsiye edilir.
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1. Introduction

Inflation and income distribution are among the issues that are emphasized and studied in
economic literature. In developing countries like Tiirkiye, high inflation can have negative effects
on income distribution. A fair and balanced income distribution has an effect that increases social
welfare. Increasing social welfare affects economic growth through different mechanisms. Some
researchers argue that increasing income inequality negatively affects economic growth (Kravis,
1960; Hussain et al., 1994; Barro, 2000). However, some researchers such as Kuznets (1955)
states that this negative effect can vary over time (Paukert, 1973; Papanek and Kyn, 1986;
Campano and Salvatore, 1988; Ram, 1995; Dawson, 1997; Zang, 1998; Huang and Lin, 2007).
The variable situation mentioned is due to asymmetry. Kuznets (1955) states that while income
inequality increases in the early stages of economic growth, it decreases in later periods. Of
course, this hypothesis has been applied by many researchers on different economies. Some
researchers have also stated that this hypothesis may not be valid (Anand and Kanbur, 1993;
Ogwang, 1995; Jacobsen and Giles, 1998; Gallup, 2012; Huang et al., 2012). The relationship
between income distribution and economic growth, which is on the agenda of many researchers
today, continues to be investigated.

An increase in inflation generally refers to an increase in the general price level. Increases
in inflation levels change the purchasing power of individuals in different income groups.
Inflation mostly negatively affects middle- and lower-income groups (Bach and Stephenson,
1974; Parkin and Laidler, 1975; Blinder and Esaki, 1978; Fischer and Modigliani, 1978; Cardoso
et al., 1995; Easterly and Fischer, 2001; Romer and Romer, 1998). However, apart from the
general acceptance, there are also studies indicating that inflation may not negatively affect
income distribution (Doepke and Schneider, 2006; Adam and Zou, 2016; Herradi et al., 2023).
There is no definitive consensus in the literature on the relationship between income distribution
and inflation. However, a detailed examination of the relationship between inflation and income
distribution can enable more effective formation of economic policies.

There are many studies on income distribution, inflation, and economic growth. Some of
these studies focus on economic growth and income inequality, while others focus on inflation
and income inequality. A much more limited number of studies have examined the effects of both
inflation and economic growth on income inequality. This study aims to contribute to this limited
literature.

The research has two contributions to the literature. First, as far as can be reached, the use
of Fourier functions is quite new in the literature reviewed. The examination of the subject with
the new econometric method will deepen the subject. The contribution of Fourier functions is that
structural breaks can be captured softly. Considering the recent period, Tiirkiye has experienced
important structural breaks such as natural disasters, pandemic outbreaks, and military uprisings.
The traditional approach suggests adding a dummy variable to represent each structural break. It
is quite difficult for the traditional approach to correctly reflect too many breaks to econometric
models. Since Fourier functions are structures that can capture breaks without the need for sudden
breaks and without knowing the starting date, there is no need for additional structural change
studies in the model to be applied. Second, although the asymmetric effect of economic growth
on income inequality has been studied in studies conducted on Tiirkiye, the asymmetric effect of
inflation has not been studied. In this respect, the study fills the gap in the literature. Reconsidering
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the effect of the high inflation that Tirkiye has experienced in recent years on income distribution
will contribute to the correct evaluation of the recent period.

In the planning of the study, firstly the theoretical information on the subject will be
presented. Then the literature studies will be mentioned. In the following section, the
methodology will be presented by introducing the data and hypotheses and the empirical results
will be shared. In the conclusion section, there is a general evaluation.

2. Theoretical Backgrounds
2.1. Relationship between Inflation and Income Distribution

Periods of high inflation are processes that negatively affect the healthy functioning of the
market, causing a decrease in purchasing power and changes in income distribution. Employers
can easily add price changes to the price of their products for sale. Moreover, in addition to actual
inflation, which depends on market characteristics, employers can also reflect expected inflation
in their prices. In this sense, employers may have incomes equal to or perhaps above inflation
(Bach and Stephenson, 1974:1). On the other hand, employee groups do not benefit from the
reflection of expected inflation in wages. However, workers also receive income loss caused by
inflation with a lag. This situation leads to significant income transfers between employers and
employees.

Increases in the money supply are considered to be the direct cause of inflation. This
phenomenon has been accepted in economic literature since the quantity theory of classical
economics. An increase in the money supply at the rate of EG (Economic Growth) will not change
the general equilibrium in the economy and will not lead to inflation. Countries increase their
money supply more than necessary in certain periods for certain reasons. Since this situation will
accelerate inflation, increases in money supply are considered a cause of INCI (Income
Inequality). In addition to this situation, central banks set short-term interest rates to control
monetary balances in the market and ensure price stability. Depending on the changes in the
general economic situation (for example, the depreciation of the domestic currency due to the
increase in the demand for foreign currency), it takes the interest rates out of the required range.
This situation represents inflation created by central banks and has disruptive effects on income
distribution. Richard Cantillon (1775) evaluated the effect of such increases in the money supply
on INCI using a different approach. Once money is created, it is neither equally nor
simultaneously distributed among individuals. This phenomenon, called the Cantillon Effect, is a
concept that expresses that the new money created by the money supply goes to high-income
groups and arrives very late to lower-income groups. This structure of the money supply indicates
that the neutrality of money is disturbed. In this phenomenon, the excess money supply is
expressed as new money. This new money falls primarily into the hands of one group. The effect
channel is that this new money brings wealth to the group that acquires it before it causes inflation.
This is the unjust enrichment of one group. On the other hand, the group that receives new money
late receives new money after inflation has occurred. The second group will be impoverished as
the purchasing power of the new money will decrease (Sieron, 2017: 640). The Cantillon effect
is an approach that expresses the deepening of the phenomenon that the money supply distorts
the distribution of income through inflation.
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Upon further examination of inflation and income distribution through macroeconomic
variables, the phenomenon of unemployment becomes. This phenomenon, particularly
emphasized by the Keynesian school, is referred to in the literature as the Phillips curve. As a
result of rising inflation, wages increase. These wage increases are also a cost factor for employers
(Shao and Silos, 2017: 127). Companies lay off some employees to control rising costs. This
macroeconomic phenomenon causes the unemployment rate to increase in countries. This means
that a certain group cannot earn an income. It is noteworthy that those who lose their jobs due to
this type of unemployment are usually individuals who belong to the low-income group. (Blinder
and Esaki, 1978: 604). In summary, inflation appears as a phenomenon that creates INCI by
causing poor people to lose their jobs.

The increase in food prices is particularly important for low-income segments. Food makes
up a larger share of the consumption basket of the poor. Since the share of food consumption of
people in the high-income group is relatively small, it is not of great importance (Walsh and Yu,
2012: 6). With the increase in inflation, the purchasing power of the poor is mostly spent on food,
leaving them unable to meet other necessities of life. Thus, inflation makes the poor poorer.

Another channel affecting inflation and INCI occurs in the asset market. Rising inflation
due to the Pigou effect causes an increase in the nominal value of existing assets. This situation
increases the nominal wealth of asset owners. However, there are different income groups in a
country. Since lower-income groups that do not acquire assets do not have such assets, an increase
in wealth cannot be expected (Muhibbullah and Das, 2019: 142). In addition, since lower income
groups are the renters of assets and inflation increases the rental payments of these assets, lower
income groups become poorer than before due to inflation.

Another channel is the imbalance between the borrower and the lender. Lenders transfer
their resources to the borrower in exchange for a certain monetary benefit over a certain period
of time. This monetary benefit includes expectations that arise when the act of lending takes place.
However, if there is an increase in the rate of inflation, the increase in both actual and expected
inflation causes the real return to the lender to decrease over time. This situation represents a
transfer of resources from the lender to the borrower (Wolff, 2010; Mason and Jayadev, 2014;
Kumhof et al., 2015).

When the relationship between inflation and INCI is assessed from a public finance
perspective, several important issues emerge. The first is the relationship between inflation and
the public budget. The real value of public claims declines due to the Olivera-Tanzi effect,
especially in periods of high inflation. This phenomenon, which can cause a decrease in public
revenues, also leads to budget deficits (Ruge-Murcia, 1999: 333). The occurrence of budget
deficits can push policymakers toward contractionary fiscal policies. This means new taxes on
individuals and firms. It is accepted that the increase in taxes has a distorting effect on income
distribution and that low tax rates have a positive effect on income (Agranov and Palfrey, 2020:
1). The reason for this is that individuals in the high-income group have high wealth income and
low wage income. On the contrary, low-income groups have high wage income and low wealth
income (Taghizadeh-Hesary, 2020: 2605; Kim and Lin, 2023: 894). Since government revenue is
generally collected from indirect taxes, the imposition of new taxes by the government will affect
low-income people more. This situation highlights the possibility that changes in fiscal policy due
to inflation may disrupt income equality. Larch (2012) provides evidence that INCI increases as
a result of budget deficits.
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2.2. Relationship between Economic Growth and Income Distribution

The impact of income distribution on growth has been a topic of interest to researchers for
some time. It is based on the income-expenditure-production relationship predicted by the
classical economic approach. A sufficient increase in income in the economy and the
transformation of income into expenditure is a factor that triggers production. Income distribution
refers to the fact that the income earned in the country is not distributed among the rich and the
poor in certain percentages and according to the desired standards. Consequently, income is
distributed to high-income groups, and production is not stimulated to the desired level. This
transmission mechanism is generally based on the assumption that a deterioration in income
distribution will negatively affect EG. Barro (2000: 6) makes a similar point, emphasizing in
particular the low borrowing capacity of the segment negatively affected by income distribution.
Barro states that the deterioration of the financial system has a negative impact on income
distribution and emphasizes that this situation will affect EG. It is argued that a flow of income
and wealth from the rich to the poor will increase the efficiency of production as the poor benefit
from the financial system through inflation. Hussain et al. (1994: 1947) emphasized that
deterioration in income distribution has significant effects, especially on households. The study
also found that INCI increases, and rural-urban households lag behind in development. Kravis
(1960: 416) discussed the impact of deterioration in income distribution on tax revenue. In the
study, it was stated that the deterioration in income distribution affects not only individual income
such as wages, interest, rents, but also all types of income. Such a deterioration in income is
expected to have a negative impact on EG, as it will have a negative impact on tax revenues.

Kuznets (1955: 8) brought a new hypothesis to the idea that the deterioration of the
commonly accepted income distribution will have a negative impact on EG. In his study of the
USA, England, and Germany, the author examined the effect of EG on INCI. It is found that INCI
increases in the initial stage of EG, and after economic development reaches a certain level, INCI
decreases. The sudden decrease in INCI and increase in EG in the US and England after World
War | was the main motivation for Kuznets' work (Gallup, 2012: 1). While the agricultural sector
initially dominated the economy, income in this sector was low, but inequality was low. Over
time, industrialization increases. However, although income in industry is high, inequality is also
high. As economies transition from agriculture to industry, EG increases, but inequality also
increases. However, with continued growth, population growth, and technological development,
the income from savings by high-income earners will decrease, and the income from production
and entrepreneurship will increase. Thus, INCI will decline (Kuznets, 1955: 10). Over time,
studies have emerged that support Kuznets' ideas (Paukert, 1973; Papanek and Kyn, 1986;
Campano and Salvatore, 1988; Ram, 1995; Dawson, 1997; Zang, 1998; Huang and Lin, 2007).
However, some studies show that INCI is not in an inverted U-shape as described by Kuznets.
(Anand and Kanbur, 1993; Ogwang,1995; Jacobsen and Giles, 1998; Gallup, 2012; Huang et al.,
2012).

3. Literature Review

Fischer and Modigliani (1978) state that inflation has a negative effect on INCI. In
particular, the authors state that lower-income groups suffer more than higher-income groups, and
that inflation has shifted income from the wage group, which is the lower-income group, to the
wealth group, which is the higher-income group. Cardoso et al. (1995) conclude that high inflation
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in Brazil in the 1980s significantly eroded the incomes of low-income people. Easterly and
Fischer (2001) concluded that inflation is positively related to poverty, based on some 32,000
household observations in 38 countries. There are also studies that find the opposite of the above.
Bach and Stephenson (1974) assessed the issue in terms of debtor-creditor relations. The authors
state that income shifts occur due to a decline in the real value of debt during periods of high
inflation. The authors state that this income transfer occurs from the business world to wage
earners. The authors state that during the high inflation period during World War 11, 1.2 trillion
dollars in the USA was transferred to the lower income group in this way. Parkin and Laidler
(1975) study on the USA found that inflation was negatively related to INCI. As a result, authors
stated that lower- and upper-income groups were affected more than income groups. It was stated
that the group that was relatively unharmed was middle-income earners. Blinder and Esaki (1978)
examined how inflation affected incomes between income groups. As a result of the analysis
made in 5 different percentiles, income shifts due to inflation were observed from the upper-
income group to the middle-income group. However, similar results are not valid for lower-
income groups. In the study, no income transition from the middle-income group to the lower-
income group was observed. These results differ considerably from previous results. Romer and
Romer (1998), in the relationship between monetary policy and the welfare of the poor, state that
steadily growing aggregate demand and low levels of inflation increase the welfare of the poor.
The interesting result is that expansionary monetary policy temporarily reduces poverty in the
short run. The authors explain that the effects are temporary because expansionary policies cannot
permanently increase output in the long run and cannot exceed the natural rate. On the contrary,
it has been found that when contractionary policies are implemented, inflation falls, and this
increases poverty.

Although it is generally accepted that inflation damages low-income groups, Doepke and
Schneider (2006) have suggested that in the US, individuals in the low-income group are better
protected than those in the high-income group because low-income group holds government
bonds. Herradi et al. (2023) examined the impact of inflation on high-income households in 14
developed countries. The results show that inflation negatively affects high-income groups in
developed countries. Another study, which concludes that lower-income groups are protected
from INCI, was conducted by Adam and Zou (2016). It is parallel to the study of Parkin and
Laidler (1975) in its approach and conclusion. As a result, it is stated that middle-class young
people in the euro area are largely unaffected by inflation. In the study on China, Xu et al. (2024)
conclude that the effect of expansionary and contractionary monetary policy on income
distribution is neutral.

Some of the studies that examine the asymmetric relationship between inflation and income
inequality indicate that the relationship is in the form of a “U” (Aktas and Dokuzoglu, 2022;
Monnin, 2014). Aktas and Dokuzoglu (2022) investigated the relationship between inflation and
income inequality in 40 developed and developing countries. The study examined the relationship
according to different threshold levels. As a result, it was determined that it had a negative effect
up to a certain threshold value and a positive effect after this threshold value. Monnin (2014)
examined income inequality with the basic variables of income, unemployment, and inflation and
control variables in a study on OECD countries. The square of the income and inflation variables
was included in the model for the asymmetric effect. An important point that distinguishes this
study from the examples in the literature is that the inflation and income variables were separated
into components using the HP filter. Inflation trend, inflation cycle and inflation gap were
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examined in three components. In addition, the GDP variable was separated into its components
with the same method. As a result, it was determined that income inequality for OECD countries
has a nonlinear structure in the form of an inverted U. In the first regression of the study, the
square of inflation was not included in the model. In the second regression, it was included in the
model. In the first model, income inequality is largely determined by economic growth. In the
second model results, income inequality was obtained relatively close to each other by both
inflation and economic growth.

Some studies indicate that the inflation-income inequality relationship is in the form of an
inverted "U" (Balcilar, 2018; Uspri et al., 2023). Uspri et al. (2023) investigated the relationship
between income inequality and inflation in Indonesia. In the study, the authors examined income
inequality with inflation and growth variables. In addition, the authors used the square of inflation
as an independent variable and investigated the asymmetric structure. The result obtained is that
income inequality is in the form of an "inverted U". The effect of inflation on income inequality
was determined as positive, while the effect of its square was determined as negative. Another
important issue is that the effect of inflation on income inequality is higher than economic growth.
Balcilar (2018) analyzed the US states with a semiparametric approach. As a result, a negative
relationship was determined between the inflation rate and income inequality. The relationship
was determined to be positive after a threshold value.

In the groundbreaking article published by Acemoglu and Robinson (2002), it is stated that
the difference between the rich and the poor in countries is very large. It states that the possibility
of people taking action and causing problems increases with the increasing course of inequality.
It emphasizes that economic decision-makers tend to prevent inequality with monetary and fiscal
policies during the period when inequality is at its highest. Thus, it states that the relationship is
in the form of an “inverted U”. The meaning of the expression is that inequality first increases
and then decreases with intervention.

There is evidence in the literature that economic growth and income inequality occur in an
inverted U shape (Bulif, 2001; Zhou and Li, 2011; Argun, 2017; Emek, 2019; Siami-Namini and
Hudson, 2019). Siami-Namini and Hudson (2019) examined the relationship between income
inequality and inflation in developed and developing countries. The econometric model and
variables are parallel to the Monnin (2014) study. The difference is that separate regressions were
created for the components of both inflation and economic growth variables. As a result, it was
determined that income inequality had a nonlinear feature for both country groups. While the
Kuznets hypothesis was not valid in developed countries, it was found to be valid in developing
countries. Emek (2019) examined the macroeconomic factors affecting income inequality in 17
developing countries. As a result, the validity of the Kuznets hypothesis was confirmed. In
addition, it was determined that inflation has a decreasing effect on income inequality, while
unemployment has an increasing effect on income inequality. Argun (2017) conducted an analysis
on 10 developing countries. As a result, it was determined that the Kuznets hypothesis was valid
in these countries. In addition, it was stated in the study that inflation and trade volume also had
a decreasing effect on income inequality. Zhou and Li (2011) conducted a semiparametric
analysis of the relationship between inequality and development in 75 countries. As a result, it
was determined that the Kuznets hypothesis was valid. In addition, it was stated in the study that
trade and inflation increased inequality. Bulif (2001) examined income inequality in the USA. In
the study, the validity of the Augmented Kuznets Hypothesis was tested. In the regression model
applied, economic growth and inflation variables expected to affect income inequality were used
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together with control variables. For asymmetry effects, the square of the income variable was
added to the model. As a result, it was determined that income inequality in the USA had a
nonlinear structure in the form of an inverted U.

In the relationship between economic growth and income inequality, some studies have
found a "U" shaped relationship (Monnin, 2014; Dincer, 2016; Akarsu, 2023; Herradi et al.,
2023). Dincer (2016) investigated the relationship between inflation and income inequality in the
USA. An econometric model was created in the study with the Kuznets approach. The square of
the income and unemployment variables was used as explanatory variables. The result obtained
is that income inequality is "U" shaped. The level value of the variables is positive, and their
squares are negative. Another important result of the study is that the effect of economic growth
on income inequality is higher than inflation and unemployment. Akarsu (2023) created an
income inequality regression for the USA. The explanatory variables are economic growth,
inflation and unemployment. The asymmetric effect was created with the square of economic
growth. As a result, it was determined that income inequality has a U-shaped structure. Shahbaz
et al. (2010) found that there is no asymmetric relationship between inflation and income
inequality. Shahbaz et al. (2010) examined inflation, growth, and income inequality in Pakistan.
In the study, the asymmetric relationship was investigated by including the squares of the
economic growth and trade openness variables in the model. No asymmetric structure was found
in the effect of inflation on income inequality. In the effect of trade openness, a relationship was
found that first became positive and then negative.

It is seen that different results are obtained in the studies conducted for Tiirkiye. In the
relationship between economic growth and income distribution, Takim et al. (2020), Ayla and
Karis (2021), Durak and Akalin (2022) studies have determined that there is a positive
relationship between economic growth and income inequality in Tiirkiye. These results show that
economic growth is an important factor in reducing income inequality. However, Pece et al.
(2016) and Yilmaz and Demirgil (2021) studies have determined a negative relationship between
economic growth and income inequality. Some studies have addressed the situation with the
Kuznets approach. Of these, Yeter and Demirgil (2024), Torusdag and Barut (2020), Akalin et al.
(2018), Akinci and Akinci (2016) studies have concluded that the Kuznets hypothesis is valid for
Tiirkiye. The common results of the studies are that increases in economic growth first positively
affect income inequality, but after a threshold value, the effect becomes negative. Some studies
have found findings that the Kuznets hypothesis is not valid in Tiirkiye. Gocen (2021), Abdioglu
et al. (2019), Ak and Altintas (2016) and Disbudak and Suslu (2009) found that increases in
economic growth first negatively affected income inequality, and then the effect became positive.
Another important issue is the effect of inflation on income inequality. In studies conducted on
Tirkiye, Naimoglu (2023), Ozbek and Ogul (2022), Pata (2020), Bayraktar et al. (2019), Destek
et al. (2017) concluded that increases in inflation had an increasing effect on income inequality.
Keskin (2022) and Kanberoglu and Arvas (2014) have found that inflation reduced income
inequality. No studies investigating the relationship between inflation and income inequality
within the framework of the Kuznets hypothesis were identified.
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4. Empirical Analysis
4.1. Data and Hypothesis

The model to be used in the study was derived from the studies of Monnin (2014) and
Siami-Namini and Hudson (2019). These are the studies that examine the asymmetric
relationships between INCI, inflation and EG. These studies have adopted the same approach with
examples from different countries. This study also examines the relationships in Tiirkiye with the
same vision.

Ginig = o+ B1Gdp, + Bo(Gdp); + BsInfy + Ba(Inf)f + OrX, + u, 1)

The basic structure of the model to be used in the study is shown in equation (1). The basic
model considers INCI as a dependent variable and EG and inflation as independent variables.
Other variables were included in the model as control variables. The details of the variables used
in the study are shown in Table 1. The study was conducted with the data of Tiirkiye for the period
1988-2022. The reason why the study is conducted in this period is because the Gini index data
are available in this period from the WID database.

Table 1. Variables and Explanations

Variables Explanations Source

Gini Gini Index World Inequality Database (WID)
Gdp Real GDP per capita (annual %) (current $)

Gdp? Square of GDP variable

Inf Consumer price index, CPI (annual %)

World Bank, World Development

Inf? Square of CPI variable .

Op Trade openness (% of GDP) Indicators Database (WDI)
Un Unemployment rate (% of total labor force)

Inv Gross fixed capital formation (% of GDP)

The Gini coefficient is an index that generally measures INCI. The index in question takes
a value between the numbers 0 and 1. As known from the Lorenz curve, when the index
approaches 1, the inequality is high, and when it approaches 0, the INCI is decreasing. The Gdp
variable represents EG, and the Gross Domestic Product per capita variable is used. A deflator
has been used to make the data real. Gdp? is the square of the specified real GDP per capita
variable. The Inf variable represents inflation. Percentage increases in the Consumer Price Index
were used as inflation. The expression Inf® refers to the square of inflation. X denotes control
variables. The control variables were defined as unemployment and trade openness and
investment, following the original studies. Four different hypotheses are tested in this study.

Ha1: Economic growth has an impact on income inequality
Ha2: Inflation has an impact on income inequality.
Has: The relationship between economic growth and income inequality is asymmetrical.

The existence of the Kuznets inverted U-shape is determined according to the status of 1
and B2 coefficients specified in equation (1). If f1>0 and B2<0, the validity of the Kuznets
hypothesis is confirmed. This result also indicates that there is an asymmetric relationship
between INCI and EG (Siami-Namini and Hudson, 2019: 618).

Has: The relationship between inflation and income inequality is asymmetrical.
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Depending on the status of B2 and B3 coefficients in equation (1), the existence of an
asymmetric relationship between inflation and INCI is determined. It states that if B3<0 and B+>0,
there is an asymmetric relationship between INCI and inflation (Shahbaz et al., 2010: 53).

Kuznets (1955) examined the relationship between INCI and growth. As a result, it is stated
that INCI increases as a result of increasing EG and after a certain point, the relationship reverses.
The literature refers to this asymmetric relationship as the inverted U-curve hypothesis. The
positive effect of increasing EG on INCI in the early periods indicates the transition from an
agricultural to an industrial society. Over time, EG transitions to a structure that reduces INCI due
to the positive spillover effects of productivity growth in the industrial sector to both the
agricultural, manufacturing, and service sectors (Amri, 2018: 10).

Table 2. Descriptive Statistics

Gini Inf GDP uUn Op Inv
Mean 61.47 35.69 5.654 9.428 49.77 25.56
Median 61.23 15.75 6.273 9.290 48.79 26.19
Maximum 67.26 105.2 7.602 13.67 81.17 29.85
Minimum 57.68 6.250 3.062 6.260 30.47 17.95
St. Dev. 2.240 32.52 1.567 1.961 10.54 3.229

The maximum value of the Gini variable in the dataset, 67.26, belongs to 1988. The value,
which was relatively high until the early 2000s, decreased from 2002 to 2015. In the following
years, an increase can be observed. The lowest value, 57.68, belongs to 2007. The Inf variable
expresses the percentage increase in consumer inflation. The value, which remained around 60%
towards the 1990s, reached the highest value of the period with a maximum value of 105% in
1994. In the following periods, decreases in inflation are observed. In 2005, the annual increase
reached 8%. The increasing value from year to year in the following periods is seen as 72% in
2022, which is the last year. The maximum value of EG is 7.60, the minimum value is 3.06 and
the average value is 5.65. The Un variable represents the unemployment rate. Unemployment,
which was around 8% in the 1990s, remained at values close to 10% in the 2000s and rose
suddenly to 12.55 in 2009. Although it decreased in the following years, it reached its maximum
value of 13.67 in 2019. Unemployment decreases in the following years. Trade Openness (Op)
was seen at values close to 30% in the 1990s. There are relative increases from year to year. The
highest value of 81.17% belongs to 2022. They show that Tiirkiye's trade volume is increasing
steadily. The ratio of investment to national income (Inv), which was between 22-26% in the
1990s, reached its minimum value of 17.95% in 2001. The maximum value of 29.85% of the
investment, which increased year by year in the following period, belongs to 2022, which is the
last year.

4.2. Research Methodology

The Fourier ADL test is a cointegration test created using Fourier terms. This test is called
F-ADL as used in the study of Banerjee et al. (2017). The working principle starts with the use of
Fourier terms expressed in equation (2).

h(t) = A9+ {;sin (Z?kt) + {; cos (27;1“) (2)
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In equation (2), the expression h represents the entirety of the deterministic terms. The
Fourier terms to be used in the cointegration test are specified as sin and cos. In equation (2), k
represents the optimum frequency value; t represents the trend; © represents the constant pi value;
T represents the number of observations. The optimum frequency value is accepted as the value
that minimizes the residual sum of squares (Yilanci et al., 2020: 21).

. (2mkt 2wkt , , 3)
Ay, e =Ao+ G sm( T ) + G COS( T ) + 6111+ V Vo1 + @AY+ W

The Fourier ADL test procedure is as specified in equation (3). v, ® and y,; are explanatory
variables and nx1 vectors of parameters. The frequency value expressed as k is used as an integer
expression such that 1 < k < kmax and kmax=5. The procedure for using integers is based on the
procedure envisaged in the study of Enders and Lee (2012). The null hypothesis is that there is
no cointegration (Ho: 81 = 0). The alternative hypothesis states that there is cointegration (Hi: 81 <
0). This procedure is used in the use of the t-test. In the use of the F test, the null hypothesis is
checked with a Wald test that the explanatory variables are equal to each other and to zero (Ho:
01 =7y =0). The obtained test statistic is compared with Table 1a for the model with constant, and
with Table 1b for the models with constant and trend together. When the test statistic is greater
than the table value, the alternative hypothesis is accepted to be valid (Banerjee et al., 2017: 117).

4.3. Findings

In this part of the study, firstly the results of a unit root test with a break for the variables
and then the Fourier Unit Root test results will be given and compared. Then, the results of the F-
ADL cointegration test, long-term coefficients, and short-term error correction model will be
given respectively.

Table 3. Unit Root Test Results

Perron (1997) Unit Root test with breaks

Variables Level A
Constant Constant & Trend Constant Constant & Trend
Gini Stat. -4.00 -3.51 -5.79%** -5.774%%*
Break. Date (2004) (2003) (2005) (2005)
Inf Stat. -2.50 -2.65 -4 47%* -5.04%**
Break. Date (1998) (2021) (2020) (1994)
Inf2 Stat. 11.94%** -5.90*** -7.61%** -0.47***
Break. Date (2021) (2021) (1994) (1994)
Gdp Stat. -2.41 -1.67 -5.52%%* -6.56%**
Break. Date (2001) (2002) (2013) (1998)
Gdp? Stat. -2.15 -1.37 -5.97%%* -6.69%**
Break. Date (2021) (2002) (2013) (2002)
Un Stat. -4.38* -4.57 -4.96%** -4, 93%**
Break. Date (2000) (2000) (2009) (2009)
Trd Stat. -1.56 -3.88 -5.26%%* -5.66%**
Break. Date (2017) (2021) (2015) (1997)
Inv Stat. -4.16 -4.53 -6.81*** -6.64%**
Break. Date (2010) (1998) (2009) (1999)
Critical 1% -4.94 -5.34 -4.94 -5.34
Values 5% -4.44 -4.85 -4.44 -4.85
10% -4.19 -4.60 -4.19 -4.60

Note: *** ** and * symbols refer to 1%, 5% and 10%.
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Table 3 presents the unit root with structural break test result. The analysis was carried out
in two structures: both constant and constant and trend. As a result of the test, it was determined
that inf? and Un variables were 1(0), stationary at the level; other variables were I(1), stationary
in difference.

Table 4. Fourier Unit Root Test Results

Fourier

co./ _ Sin. Cos. F Linear/ ADF 1(0)/
Var. cosr K 189 SSRmin ot tstat, (Wald) Nonlinear ét[a)l'lc: Stat. 1(1)
Gini  co. 5 0 16.087 0.95 0.11 045 Linear - -2.04  1(2)
Gini co+tr 16 6 15177 -4.07* -5.08* 10.75* Nonlinear -3.47 - I(1)
Inf co. 1 14 38378 10.97% -9.32% 97.80® Nonlinear  -9.672 - 1(0)
Inf co+tr 01 4 36134 -2.01° 154 9.37° Nonlinear -3.23 - 1(1)
Inf?  co. 1 13 637462 -7.76*° 6.81* 31.46* Nonlinear  -5.29? - 1(0)
InfP co+tr 01 5 629325 -8.62% -8.43% 24.28° Nonlinear  -6.61% - 1(0)
Gdp co. 1 10 3.4341 -4.26° 3.11° 10.91° Nonlinear  -4.60° - 1(0)
Gdp co+tr 0.9 10 39492 -418 120 12.062 Nonlinear  -4.56" - 1(0)
Gdp? co. 1 12 40273 -4.94* 3.67° 24.76° Nonlinear  -4.43? - 1(0)
Gdp? co+tr 0.9 10 39492 -3.70® 138 10.96° Nonlinear  -4.88 - 1(0)
Un co. 24 9 32600 539 -1.20 15.04* Nonlinear  -3.25° 1(0)
Un co+tr 25 9 27.039 274> -2.65° 13.88% Nonlinear -0.88 - I(1)
Trd  co. 01 8 66543 -299° -3.13% 495 Linear 0.30 0.25 I(1)
Trd co+tr 01 7 468.59 -3.25* 298 13.58% Nonlinear -3.35 - 1(2)
Inv  co. 37 7 11068 -3.28¢0 0.04 538 Linear 082  -1.89 I(1)
Inv. co+tr 35 0 90303 3.13* 1.02 518 Linear 081  -3.02 I(1)

Note: The expressions a, b and ¢ above the numbers indicate 1%, 5% and 10% statistical significance,
respectively. In addition, co represents constant; co+tr represents constant and trend; k represents optimal
frequency value; SSR represents minimum residual sum of squares.

In Table 4, the Fractional Frequency Fourier ADF test proposed by Bozoklu et al. (2020)
was applied. Bozoklu et al. (2020) determined the frequency range as 0.1 <k <5. The frequency
change value (k- ki.1) is 0.1. Bozoklu et al. (2020) further developed the Fourier tests created
before it. For example, the study of Enders and Lee (2012) used the frequency value as an integer,
and the study of Omay (2015) accepted the maximum value of the frequency as 2 despite using
fractional frequency. The test proposed by Bozoklu covers a wider frequency range than the
previous tests.

The study of Enders and Lee (2012) was used for the maximum lag length (p < T/2) and
the critical values used to test the validity of the F Wald test. Bozoklu et al. (2020: 10-11) Table
A and Table B were used for the significance of the Fourier ADF statistics. In addition, Bozoklu
et al. (2020: 6) state that at least one of the Fourier terms must be statistically significant for the
validity of the test. For this reason, the t-statistic significances were given by adding the sin and
cos columns to Table 4. Accordingly, it is seen that at least one of the trigonometric terms of the
variables stated to have nonlinear properties in Table 4 is significant. This result is an important
measure of the validity of the test.

Table 4 results show that inf, Inf%, Gdp, Gdp?, Un variables are 1(0), stationary at the level.
Gini, Trd and Inv variables are 1(1), stationary at the difference. Unit root tests investigate whether
variables can return to their mean. Since variables that are stationary at level return to their mean,
it is accepted that the changes in the variable are temporary. In the opposite case, which is
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differential stationarity, the changes experienced in the variables are evaluated as permanent.
Accordingly, according to the structural break test results, only Inf> and Un variables are
stationary in Tirkiye. Thus, the effects on these variables are temporary. However, the Fourier
test showed that Inf, Inf?, Gdp, Gdp?, Un variables are stationary. Thus, according to the Fourier
test, these variables are temporary. These results show that Fourier tests make more sensitive
measurements than traditional tests. According to the results obtained, when a policy is desired
to be determined, it is not necessary to recommend a policy for variables whose changes are
temporary, while it is necessary to recommend a policy for variables whose changes are
permanent. Applying a policy to a variable whose changes are temporary may lead to unexpected
results in economic terms. Therefore, it is vital for economic applications that the tests are
accurate and up to date. In this example, where structural break and Fourier tests are applied, it is
seen that Fourier tests provide more precise measurements when added to unit root tests.

Table 5. F-ADL Cointegration Test Results
F test: 7.65%** Opt. Freq. V.

1% 5.01
507 oy (2) AIC (1.33)

Note: *** symbol refers to 1%. The critical values were derived from the study by Banerjee et al. (2017).

Critical Values

Table 5 present F-ADL cointegration test result. If the F-test is greater than the specified
critical values, it means that the null hypothesis that there is no cointegration is rejected.
According to Table 5, since Fes>feritic, the Ho hypothesis has been rejected. It can be seen that
there is a cointegration relationship between the variables.

Table 6. Long-run Coefficients of F-ADL Cointegration Test

Variables Coef. St. E. t. Stat Prob.
Gdp 4.039** 1.765 2.288 0.045
Gdp? -0.618*** 0.149 -4.148 0.002
Inf -0.136%%* 0.031 -4.356 0.001
Inf? 0.0003* 0.000 2.085 0.063
Un 0.081 0.115 0.704 0.497
Op -0.026* 0.012 -2.209 0.051
Inv -0.028 0.019 -1.478 0.170

Note: *** ** and * symbols refer to 1%, 5% and 10%.

Table 6 presents the long-run coefficients of cointegration. According to the table, other
variables than Un and Inv are statistically significant. The variable that has the strongest effect on
the dependent variable, Gini, is Gdp. The level value of the variable Gdp positively affects the
dependent variable. Gdp? has a negative effect on the dependent variable. This indicates that the
Kuznets hypothesis is valid. INCI first becomes positive, then reaches a certain level, and then
becomes negative. This is the inverted U-shape described. Moreover, the fact that the Gdp
variable has a positive coefficient and the Gdp variable has a negative coefficient and is
statistically significant (>0 and B.<0) confirms the existence of an asymmetric relationship
between growth and INCI. Another important result is related to the inflation variable. While the
Inf variable had a negative impact on INCI, the Inf? variable had a positive impact on INCI. The
structure of INCI predicts a U-shaped relationship, first negative and then positive. The fact that
the Inf and Inf®variables have different coefficient signs and are statistically significant (B3<0 and
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B4>0) confirms the asymmetry of the relationship. Among the control variables, only the Op
variable is significant. It has a negative sign of the coefficient. This indicates that inequality in
income distribution has decreased as a result of increasing trade volume. The leading frameworks
addressing the relationship between trade and income inequality are the Heckscher-Ohlin and
Stolper-Samuelson theorems. The Heckscher-Ohlin theorem assumes that countries export using
the abundant factors of production available to them. Developing countries export unskilled labor-
intensive goods and import skilled labor-intensive goods. Thus, with the increase in trade, export
revenues shift more to the factor that produces unskilled goods. The Stolper-Samuelson theorem
argues that the production factor used intensively to produce that product will benefit more from
the increase in the price of a good. Thus, if the price of a labor-intensive good increases, the
income from this price increase will again shift to the labor sector (Demir et al., 2012: 168; Lin
and Fu, 2016: 129). The assumptions in both theories support each other and theoretically assume
that trade can cause a decrease in income inequality. The negative relationship between trade and
income inequality obtained for Tiirkiye is in line with theoretical expectations.

Table 7. Error Correction Model Results

Variables Coef. St. E. t. Stat Prob.
C 0.976*** 0.096 10.16 0.000
@Trend -0.113%** 0.014 -7.632 0.000
Alnf -0.029 0.018 -1.594 0.141
Alnf? -0.0002 0.0001 -1.507 0.162
AGdp 1.019 1.097 0.928 0.375
AGdp.- -0.763*** 0.183 -4.155 0.002
AGdp? -0.298*** 0.093 -3.206 0.009
AUn -0.043 0.065 -0.659 0.524
AUn 0.392%** 0.069 5.623 0.000
AOp 0.010 0.016 0.659 0.524
@COS -0.027*** 0.002 -10.78 0.000
@SIN -0.010%** 0.001 -6.657 0.000
ECT -1.473%** 0.144 -10.20 0.000

Note: *** ** and * symbols refer to 1%, 5% and 10%.

Table 7 presents the results of the error correction model created to detect short-term
relationships. This is the error correction term, which is denoted by the abbreviation ECT. The
fact that the sign of the coefficient is negative and statistically significant indicates the accuracy
of the model. According to Table 7, the error correction term of -1.473 indicates that short-term
errors fluctuate and reach long-term equilibrium. The terms Cos and Sin are significant. This
indicates the validity of the Fourier model. When the coefficients are evaluated, statistically
significant variables cannot be evaluated accurately because the variables exhibit a positive effect
at one level and a negative effect at another level.

Table 8. Diagnostic Tests

Tests Stat. Prob. Decision

Breusch-Pagan-Godfrey ~ 14.80 0.73 No heteroscedasticity problem

Breusch-Godfrey 0.30 0.57 No autocorrelation problem.

Jarque-Bera 4.73 0.09 Have normal distribution properties

Ramsey RESET 096 033 Does., not have excluded variables and no
specification error

Cusum and Cusum? See Appendix-I for graphics. No structural break
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Table 8 presents the results of the diagnostic tests employed to assess the validity of the
applied model. These results demonstrate that the model exhibits no autocorrelation or
heteroscedasticity, is normally distributed, contains no excluded variables, and does not exhibit
structural breaks.

The first finding obtained from the study is that economic growth has an increasing effect
on income inequality. The finding is consistent with the results of the studies on Tiirkiye by Takim
et al. (2020), Ayla and Karis (2021), Durak and Akalin (2022). The second finding is that the
Kuznets hypothesis is valid. This finding is consistent with the results of Yeter and Demirgil
(2024), Torusdag and Barut (2020), Akalin et al. (2018), Akinci and Akinci (2016). The third
finding is that inflation has a reducing effect on income inequality. This finding is consistent with
the results of Keskin (2022) and Kanberoglu and Arvas (2014). Since no study investigating the
asymmetric relationships between inflation and income inequality could be identified, a
comparison could not be made. The fourth finding is that trade volume reduces income inequality.
This finding is consistent with the results of Kuscuoglu and Cicek (2021), Topuz and Dagdemir
(2020), Disbudak and Suslu (2009).

5. Conclusion

The aim of this study is to determine the effects of asymmetric relations in economic
growth and inflation on income distribution. Tiirkiye was selected for the study. The reason for
choosing Tiirkiye is the high inflation. Within the scope of the issues explained in detail in the
theoretical section, inflation is a fundamental factor affecting the general macroeconomic order
and ultimately economic growth. In addition, as far as can be reached, an inflation-gini
relationship created by inflation and the square of inflation has not been studied in Tiirkiye before.
It is aimed to contribute to the literature in this respect. The data set created covers the period
1988-2022. The reason for the limitation in this date range is that the income inequality data was
served in this date range. This issue is a limitation of the study.

The econometric model investigated in the study is derived from the studies of Bulii (2001),
Shahbaz et al. (2010), Dincer (2016), Siami-Namini and Hudson (2019), Monnin (2014), Uspri
et al. (2023). These studies focused on the impact of asymmetry in inflation and economic growth
on income inequality.

The study investigated the answers to 4 research questions. The first of these questions is
the effect of economic growth on income inequality. According to the analysis results, economic
growth increases income inequality. In addition, it has been determined that economic growth has
a stronger effect than other factors affecting income inequality. When compared with the
literature, it is consistent with the studies of Takim et al. (2020), Ayla and Karis (2021), Durak
and Akalin (2022).

The second research question is the effect of inflation on income inequality. As a result of
the study, it was determined that increases in inflation reduce income inequality. It is thought that
the improving effect of inflation on income distribution is related to the recent period of low
interest rates in Tiirkiye. It is known that low interest rates are an important opportunity for low-
income groups to acquire wealth. As predicted by the studies of Wolff (2010), Mason and Jayadev
(2014) and Kumhof et al. (2015), income transfers from lenders to borrowers may have occurred.
For this reason, if such a relationship has occurred, the study of Barro (2000) that the changes in

670



S. Alpagut, “The Relationship between Income Distribution, Inflation and Economic Growth: Examining
the Asymmetric Relationship Based on the Kuznets Hypothesis with Fourier Functions”

the financial system improved their economic situation through inflation will be supported. The
results are consistent with the studies of Keskin (2022) and Kanberoglu and Arvas (2014).

The third research question is the existence of an asymmetric relationship between
economic growth and income inequality. The situation where economic growth positively affects
income inequality, and the square of economic growth negatively affects income inequality
supports Kuznet's inverted U-shaped hypothesis. The statistical significance of the coefficient
signs of the applied cointegration test in the long run shows that economic growth affects income
inequality in an inverted U-shaped structure for Tirkiye. This situation also confirms the
asymmetric relationship between economic growth and income inequality. The finding is
consistent with the results of Yeter and Demirgil (2024), Torusdag and Barut (2020), Siami-
Namini and Hudson (2019), Emek (2019), Akalin et al. (2018), Argun, (2017), Akinci and Akinci
(2016), Zhou and Li (2011) and Bulit (2001).

The fact that inflation negatively affects income inequality, and the square of inflation
positively affects income inequality indicates that there is an asymmetric relationship between
income inequality and inflation (Shahbaz et al., 2010: 53). The long-term coefficient signs of the
applied cointegration test and the finding of statistical significance show that inflation affects
income inequality in a U-shaped structure for Tirkiye. This also confirms the asymmetric
relationship between inflation and income inequality. When the empirical results of this study are
compared with the following literature, it is seen that they are consistent with Aktas and
Dokuzoglu (2022) and Monnin (2014).

The results of the study contribute to the understanding of the complex relationships
between income inequality, inflation, and economic growth. The analysis shows that there are
significant relationships between income inequality, inflation, and economic growth. These
results are consistent with the studies in the literature.

These findings highlight important issues to be considered in the formulation and
implementation of economic policies. Inflation and economic growth should be taken into
account in the implementation of policies aimed at reducing income inequality. We recommend
that the strong relationship between economic growth and income inequality should be taken into
account in the formulation and implementation of expansionary monetary and fiscal policies. The
results of this study can guide future research and provide important guidance to policymakers.
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Abstract
This study aims to examine the dynamic relationship between carbon dioxide (CO3)
emissions, renewable energy consumption, and economic growth in Denmark,
Sweden, and Chile. These countries were not randomly selected. They were chosen
since they have the highest scores according to the Climate Change Performance
Index (2023). In addition, Markov-switching vector autoregressive (MS-VAR) and
Markov-switching Granger (MS-Granger) causality methods are applied to the
annual data of the three countries over the period 1971-2021. Contrary to linear
methods, MS-VAR and MS-Granger causality approaches allow us to estimate and
interpret this relationship for different regimes, such as recession and expansion.
These methods also provide insights into the likelihood and duration of the
persistence of the current economic regime. The empirical results show that there is a
two-way MS-Granger causality between renewable energy consumption and
economic growth in all regimes for the three countries except for moderate and high
expansion regimes for Chile. Moreover, in general, there is a two-way MS-Granger
causality between economic growth and CO; emissions in all regimes. Furthermore,
the findings from the estimated models indicate that there is a two-way MS-Granger
causality between renewable energy consumption and CO; emissions in general,
except for the second regime for Chile.
Oz

Bu ¢alisma, Danimarka, Isve¢ ve Sili'deki CO; emisyonlari, yenilenebilir enerji
tiketimi ve ekonomik biiylime arasindaki dinamik iliskiyi incelemeyi
amaglamaktadir. Bu iilkeler rastgele belirlenmemistir. Iklim Degisikligi Performans
Endeksi'ne (2023) gore en yiiksek puanlara sahip ilk {i¢ iilke olduklari igin
secilmiglerdir. Ayrica, ii¢ iilkenin 1971-2021 yillart arasi yillik verilerine Markov
rejim degisimli vektor otoregresif (MS-VAR) ve Markov rejim degisimli Granger
(MS-Granger) nedensellik yontemleri uygulanmigtir. Dogrusal yontemlerin aksine,
MS-VAR ve MS-Granger nedensellik yaklasimlari bu iligkiyi durgunluk ve
genisleme gibi farkli rejimler i¢in tahmin etmemize ve yorumlamamiza olanak
saglamaktadir. Bu yontemler ayn1 zamanda {ilke ekonomisinin mevcut rejimde kalma
olasilig1 ve siiresi hakkinda da bilgiler saglamaktadir. Ampirik sonuglar, Sili igin
tlimlt ve hizli bliyiime rejimleri harig, {i¢ iilke i¢in de tiim rejimlerde yenilenebilir
enerji tilketimi ile ekonomik bilylime arasinda iki yonlii MS-Granger nedenselligi
oldugunu gostermektedir. Ayrica, genel olarak, tiim rejimlerde ekonomik biiylime ve
CO; emisyonlar1 arasinda iki yonlii bir MS-Granger nedenselligi bulunmustur. Son
olarak, tahmin edilen modellerden elde edilen bulgular, Sili i¢in ikinci rejim harig,
genel olarak yenilenebilir enerji tiiketimi ile CO, emisyonlar1 arasinda iki yonli bir
MS-Granger nedenselligi oldugunu gostermektedir.
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1. Introduction

The rapid rise of the world's population, industrialization, and living standards, together
with technological improvements, contribute to an increase in energy usage. To meet increased
energy demand, fossil fuels such as coal and oil are widely preferred. The use of fossil fuels
causes greenhouse gas emissions. CO- has the largest share of greenhouse gases. Greenhouse
gases play a major role in the issue of climate change caused by global warming, as they cause
heat to be trapped in the atmosphere. Fossil fuels account for about 81% of all primary energy
resources globally. Oil has a share of 38.2% of these fossil fuels, coal 35.5%, and natural gas
26.3% (IEA, 2015). According to the European Commission Joint Research Center assessment,
90% of worldwide CO, emissions are caused by the use of fossil fuels (Olivier et al., 2012).
Concerns about the environmental impacts of CO emissions have shifted the global energy
search to clean and renewable energy sources. Renewable energy provides an alternate energy
source while also reducing the impacts of climate change. In addition, the use of renewable
energy is one of the most reliable approaches to meeting long-term development goals such as
social and economic development, energy availability and security, and environmental and
health effects reduction (IEA, 2016; Lee, 2019; Chen et al., 2020).

Environmental degradation has become a priority in global forums due to the negative
impact of increasing CO, emissions on the environment. Accordingly, the Kyoto Protocol was
signed in 1997, and the Paris Climate Agreement was signed in 2015. The central authorities of
each nation were urged or compelled to reassess their energy policy under this approach
(Bhattacharya et al., 2016). Both the Kyoto Protocol and the Paris Climate Agreement aim to
encourage signatory countries to decrease CO, emissions and use renewable energy to tackle
environmental challenges (Nguyen and Kakinaka, 2019). Following the drop in energy demand
caused by the pandemic (COVID-19) in 2020, global economic activity recovered in 2021,
resulting in a 4% increase in global energy usage and record CO, emissions. Following the
United Nations Climate Change Conference (COP26) in 2021, nations responsible for more
than 80% of today's CO, emissions have committed to reducing greenhouse gas emissions and,
in certain cases, attaining net-zero emissions. Furthermore, fluctuating fossil fuel costs, energy
security, and nations' efforts to decarbonize have increased interest in renewable energy sources
(IEA, 2022; RENZ21, 2022). Therefore, understanding the relationship between renewable
energy consumption, CO; emissions, and economic growth is critical for revealing the
economy's reliance on energy, achieving the targets of economic development and
sustainability, and fighting climate change. In this regard, four distinct hypotheses have been
tested in the literature to identify the direction of the link between economic growth and energy
consumption (Apergis and Payne, 2010a; Ocal and Aslan, 2013; Shahbaz et al., 2015). The
growth hypothesis suggests a one-way causal relationship between economic growth and energy
consumption. This demonstrates that the economy is dependent on energy, and so energy-saving
initiatives negatively affect economic growth. The conservation hypothesis asserts a one-way
causal relationship from economic growth to energy consumption; therefore, energy-saving
policies will not adversely affect economic growth. The feedback hypothesis states that there is
a two-way causal relationship between variables. Finally, the neutrality hypothesis refers to the
lack of a causal relationship between variables. This indicates that energy-saving policies will
have no effect on economic growth.

Many researchers have explored the causal relationship between renewable energy
consumption, economic growth, and CO; emissions in the literature. The studies, however,
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differ in terms of the countries studied, energy types, sample periods, econometric
methodology, and outcomes. One of the most important points where these studies differ from
each other is that while some of them analyze economic time series with linear models, others
use nonlinear structures. However, the nonlinear nature of economic series should not be
ignored due to shocks such as policy changes, economic crises, and energy crises. If the
variables we used in our study include structural breakdowns or conjunctural fluctuations, using
a fixed-parameter model during the sample period may produce misleading outcomes. To avoid
the circumstances described above, it is more appropriate to examine the causal relationship
between these variables using nonlinear models with changing parameters across the sample
period.

In this paper, the MS-Granger causality method devised by Warne (2000) and Psaradakis
et al. (2005) is applied to analyze the relationship between variables. This method is grounded
in the view that the quantity and timing of changes in the causal relationship between the
variables analyzed are stochastic and follow an unobservable Markov chain. In other words,
contrary to standard VAR models, the parameters change over time. The MS-Granger causality
approach was chosen because each economic regime has its own characteristics and provides
regime-specific policy recommendations as well as important information about how the
economy changes in different regimes. Traditional econometric methods suggesta common
policy rather than a regime-specific policy (Fallahi, 2011).

This study aims to analyze the relationship between renewable energy consumption,
economic growth, and CO, emissions for Denmark, Sweden, and Chile in 1971-2021 using the
MS-VAR and MS-Granger causality methods. These countries are the top three with the best
scores, according to the Climate Change Performance Index (CCPI) 2023 report. The CCPI
assesses the 2030 objectives of nations in key areas, including greenhouse gas emissions,
renewable energy, and energy, to see how close they are to the goal of below 2°C. Additionally,
this index contains relative indicators that assess the present state and past trends in each of the
three areas. In the calculation of the CCPI score, emission indicators account for 40%,
renewable energy for 20%, and energy usage for 20%. The other 20% is composed of the
climate policies of the related countries (CCPI, 2018). The CCPI appears to be an instrument
designed to improve international climate policies’ transparency. For this reason, it is a crucial
scoring system to bring attention to the nations that implement the best climate policies (i.e.,
those with the highest CCPI ratings) and serve as an example for those that do not uphold their
duties. Our study contributes to the literature in three ways. First, by applying the MS-VAR and
MS-Granger causality methods, which offer policy suggestions that are particular to each
regime by modeling the relationship between variables in separate regimes, our study introduces
a novel analytical framework to this research area. These methods allow us to capture the
dynamic and nonlinear relationships among the variables, which traditional linear models might
overlook. The ability of MS-VAR to account for regime changes offers deeper insights into how
these relationships evolve under different economic conditions. Second, we selected the top
three countries in our research according to the CCPI, which is based on the weights of 14
metrics and four sub-indices. Thus, it is considered to provide valuable results that can inform
policy decisions in other countries striving to improve their climate performance. Third,
utilizing data spanning from 1971 to 2021, our study provides a comprehensive long-term
analysis. This extensive temporal scope enables us to observe the structural changes and long-
term trends in renewable energy consumption, CO, emissions, and economic growth, offering a
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robust understanding of their interplay over half a century. The research is designed as follows:
An overview of the relevant literature is provided in the second section. The third section
provides an explanation of the data and the methodology. The empirical results of the MS-
Granger causality and the linear Granger causality methods are presented and interpreted in the
fourth section. The fifth section is composed of economic discussions and policy implications
for each country. The conclusion is presented in the final section.

2. Literature Review

The current literature on the relationship between renewable energy consumption, CO-
emissions, and economic growth falls into three categories. In the first, the relationship between
economic growth and CO. emissions is examined. The main theory used to investigate this
relationship is the Environmental Kuznets Curve (EKC). Grossman and Krueger (1991) have
revealed that there is an inverted-U-shaped relationship between income and environmental
pollution. Numerous studies (such as Lindmark, 2002; Ozturk and Acaravci, 2010; Tiwari et al.,
2013; Can and Gozgor, 2017; Yao et al., 2019; Chen et al., 2020) have confirmed the validity of
the EKC hypothesis for the nations of the European Union. However, Mazur et al. (2015)
argued that the EKC hypothesis is not valid for the whole EU region. Dinda (2004) reviewed
various studies in the literature that studied the EKC hypothesis and concluded that there is no
single policy that can reduce CO, emission levels while the economy grows. Shahbaz and Sinha
(2019) also tested the validity of the EKC hypothesis for the period 1991-2017. They concluded
that the hypothesis does not have a definite validity and that it varies depending on the time
period studied, the explanatory variables used, and the empirical method employed.

The dynamic linkages between economic growth and renewable energy comprise the
second section of this literature review. Apergis and Payne (2010b) looked at this relationship
for 20 OECD countries. The authors found a two-way relationship between these variables in
both the short and long runs using panel cointegration and causality tests. Al-Mulali et al.
(2014) assessed 18 Latin American countries, while Salim and Rafiq (2012) examined six
important rising economies; both studies found a two-way (feedback hypothesis) relationship
between the variables. Sadorsky (2009) suggested that there is a conservation hypothesis
between these two variables in emerging economies. Similarly, Ocal and Aslan (2013) reported
the same findings for Turkey, as did Cho et al. (2015) for 31 OECD countries. Payne (2009), on
the other hand, used the Toda-Yamamoto causality approach and obtained results supporting the
neutrality hypothesis for the United States. Menegaki (2011) also found no significant
relationship (neutrality hypothesis) between variables in his analysis of 27 European countries.
Inglesi-Lotz (2016) found evidence for the growth hypothesis in 34 OECD countries, Fang
(2011) in China, and Kula (2014) in 19 OECD countries. Kocak and Sarkgunesi (2017)
investigated the same variables using a panel data analysis that included all nine Black Sea and
Balkan countries and found a two-way relationship (feedback hypothesis).

The third and final section of the literature review focuses on the relationship between
renewable energy, CO, emissions, and economic growth. Apergis et al. (2010) added the
nuclear energy variable to these three variables in their research. They examined the causal
relationship for 19 developed and emerging countries using the panel causality and panel error
correction methods. Although the results of the analysis do not show that renewable energy
reduces CO; emissions in the short run, there is a statistically significant positive relationship
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between them in the long run. Salim and Rafiq (2017) investigated the relationship between
these three variables and oil prices in six important emerging countries, applying the panel
Granger causality. The results of their study revealed that both CO, emissions and economic
growth have a two-way causal relationship with renewable energy in the short run. Adewuyi
and Awodumi (2017) studied these three variables for West African countries. They found a
two-way relationship between renewable energy and CO. emissions in five West African
countries and a partial relationship between three variables in the others. Dong et al. (2018)
reviewed 128 countries across six major regional subgroups. Estimated results for European and
Eurasian countries emphasize that there is a two-way causal relationship between CO;
emissions and economic growth, while there is a one-way causal relationship from renewable
energy to CO, emissions. Musah et al. (2020) used the Dumitrescu-Hurlin panel causality test
for 16 West African countries. Across the panel, they found that there is a one-way causal
relationship from renewable energy to economic growth (growth hypothesis), and both
renewable energy and economic growth have a two-way causal relationship with CO;
emissions. Also, Radmehr et al. (2021) analyzed European Union countries. Their findings
demonstrate that economic growth has a two-way causal relationship with both CO, emissions
and renewable energy.

3. Methodology and Data
3.1. Data

In our study, we included the top three countries (Denmark, Sweden, and Chile) with the
highest scores according to the CCPI in the empirical analysis for factors such as data
availability and common time periods between countries. The analyzed variable GDP represents
GDP per capita (constant, 2015 US dollars), the variable REN represents renewable energy
consumption (PJ), and the variable CO; represents CO, emissions (Mt CO,). Yearly data covers
the period 1971-2021. The GDP data was taken from the World Bank Development Indicators
(WDI, 2023); CO, and REN data were gathered from the British Petroleum and International
Energy Agency (IEA), respectively. In the study, all variables are subject to logarithmic
transformation. The logarithmic GDP per capita, renewable energy consumption, and CO;
emissions are denoted as LGDP, LREN, and LCO,, respectively. Furthermore, the first
differences are denoted as DLGDP, DLREN, and DLCO;.

3.2. Methodology
3.2.1. MS-VAR Analysis

If the variables analyzed change their behavior over time, that is, across regimes, it would
be incorrect to use vector autoregressive (VAR) models in the estimation. To investigate the
relationship between these variables, MS-VAR models can be utilized (Fallahi, 2011). The
studies of Goldfeld and Quandt (1973) have introduced the Markov-switching regression model
to the literature on econometrics. Hamilton (1989) developed a Markov switching
autoregressive (MS-AR) model. In Hamilton's MS-AR model, a single variable is utilized, and
transitions between regimes have constant probability. Thus, Krolzig (1997) evolved the MS-
VAR model, in which the VAR model's autoregressive parameters vary depending on the
unobserved regime variable.
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Krolzig (2003) defines the p th-order MS-VAR model as:
Ve = u(sy) + A (se)ye—1 + -+ Ap(st)yt—p + U (1)

where, u(.) represents the intercept coefficient in each regime, whereas A(.) and X represent the
variable's autoregressive coefficients in different regimes and the error term's variance,
respectively. In the MS-VAR model, the unobserved regime variable (s;) is generated by the
Markov chain.

Pr (St|{5t—j};:1;{}’t—j};11) = Pr(s¢ls¢-1;p) 2

Here, p contains the probability parameters. That is, the regime at time t will depend only
on the regime at time t — 1. However, as seen in the equation P(y:|Y;_1,5:—1) = P(¥¢|Yi-1),
the conditional probability distribution of y, is independent of s;_;. Since the observable y;
series contains information about its situation, statistical inferences can be made about the
unobservable s; (Krolzig, 1998: 3).

Pr(s¢ = jls¢—1 = 1,52 = k,...) = Pr(sg = jls¢— =10) = bij (3)

N (4)
Epij:]-; i,je{l,.., M}
j=1

Here, p;; gives the probability of transition from state i to state j, and 0 < p;; < 1. The
transition probabilities matrix is seen here (Hamilton, 1994: 679):

P11 " Pim
pzl : : ] (5)

Pm1 - Pmm

For the estimation of MS models, Hamilton (1989) suggested two methods: Maximum
Likelihood (ML) and Expectation Maximization (EM). Dempster et al. (1977) developed the
EM technique based on an iterative ML method due to the large number of parameters
estimated in the MS-VAR model. The EM approach is intended to estimate the parameters of
models in  which observed time series are dependent on unobserved stochastic
variables (Krolzig, 1997: 103).

3.2.2. MS-Granger Causality Analysis

Warne (2000) and Psaradakis et al. (2005) introduced the MS-Granger causality method
to the literature for cases where causal relationships can change along the period of interest.
This causality method is based on the MS-VAR model in which the parameters of the VAR
model change over time. The time variation of the parameters of the model varies according to
the existence and direction of causality. The MS-Granger causality method can be applied to
MSIA(.)-VAR(.) and/or MSIAH(.)-VAR(.) models (Fallahi, 2011: 4168). By considering the
estimated variables, the MS-VAR Granger causality approach can be described by using the
following equation vector:
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(k) (k) (k)
LGDP, U1 st a [A17Se AirSe AizSt|[LGDP,_, et
LREN;| = [H2,st +Z Ag’?st A(Zg)st A(Zlg)st LREN; |+ | & (6)
LCO2.| |M3st LCO2 i1 IS¢

=t Ag’?st Ag;)st Ag;)st

The coefficients of the lagged values of LGDP, LREN, and LCO, for each variable can
be used to assess the existence of a causal relationship between the variables. For the LGDP
vector, it means that LREN is the cause of LGDP if any of the coefficients of the lagged values
of LREN are significantly different from zero in any regime. It is same for the coefficients of
the lagged values of LCO, in the LGDP vector. Testing the hypotheses H, = Agg) =0 and
Ho=AY) =0; Hy=A% =0 and Hy=4 =0, Hy=4% =0 and H, =43 =0
will determine MS-Granger causality (Psaradakis et al., 2005:6).

4. Empirical Results

The first step before doing causality tests is to determine the LGDP, LREN, and LCO;
series integration levels. We used the ADF test proposed by Dickey and Fuller (1981) and the
PP test proposed by Phillips and Perron (1988) for this purpose. Table 1 shows the results of
unit root tests. Due to the results, there is a unit root at the level for these variables in all
countries. However, the first differences of LGDP, LREN, and LCO; appear to be stationary. As
a result, we can say that LGDP, LREN, and LCO; are integrated into order one, 1(1).

Table 1. Results from Unit Root Tests

Denmark Sweden Chile
LGDP -1.4368 -2.6274 -2.9783
DLGDP -5.9082*** -5.3575*** -5.0583***
LREN PP-stat 1.5225 -2.5673 -1.2053
DLREN -8.5061*** -8.5748*** -5.6090***
LCO; -0.9503 -3.1794 -2.2055
DLCO; -8.3924*** -7.6043*** -4,9906***
LGDP -1.3391 -2.6274 -3.2357
DLGDP -5.9631*** -5.3575*** -5.0747***
LREN ADE-stat -1.1208 -2.6016 -0.7012
DLREN -11.4044%*** -8.5748*** -5.5155***
LCO; -1.1141 -3.0787 -2.5013
DLCO; -8.2594*** -7.0648*** -4,9833***

Note: *** ** and * denote 1%, 5% and 10% significant level.

The cointegration relationship between the variables is shown in Table 2. We used the
maximum likelihood approach suggested by Johansen (1988, 1995). Based on these results, the
null hypothesis is accepted. It means there is no cointegration, and the variables' innovations or
first differences can be used for the MS-Granger causality approach.
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Table 2. Results from Cointegration Test

Country Hypothesized No. of CE(s)  Eigenvalue  Trace Statistic Max-Eigen Statistic
Denmark None 0.3706 30.1179 22.6921

At most 1 0.0963 7.4257 4.9641
Sweden None 0.3159 34.3831 18.6096

At most 1 0.2455 15.7734 13.8029
Chile None 0.2388 24.3459 13.3762

At most 1 0.1524 10.9697 8.1028

Note: The critical values for trace statistic at 5% are 35.1927 and 20.2618 respectively. The critical
values for max-eigen statistic at 5% are 22.2996 and 15.8921 respectively.

Following the likelihood ratio (LR) test approach proposed by Ang and Bekaert (1998)
for regime-switching models, LR test statistics and Akaike information criterion (AIC) were
used to test linearity and determine the number of regimes. Table 3 provides the LR test
statistics. First, the linear VAR model was tested against the two-regime MS-VAR model and
the null hypothesis was rejected at all significance levels for all countries. In other words, all the
statistics support the existence of nonlinearity. Then, the LR test was applied again between the
two-regime models and the three-regime model. According to the test results, the null
hypothesis was rejected, and the three-regime MS-VAR model is appropriate for all countries.
Regimes 1, 2, and 3 represent recession, moderate expansion, and high expansion, respectively.
As a result, the MSIA(3)-VAR(4) model was selected for Denmark and Sweden, while the
MSIA(3)-VAR(3) model was found to be the best model for Chile.

Table 3. LR Test Results

i Distribution Statistics

o ERTG m@ o
H: MSIA(3)-VAR(4) 7°(45) 279.9968
- T
Hy MSIA(3)-VAR(4) x°(45) 314.7942

Chile iy k/:g??xr(;/){k\%’og(s) 7(32) 91.8032
Ho: MSIA(2)-VAR(3) () asotn

Hi: MSIA(3)-VAR(3)

Table 4 shows the estimated model findings for Denmark. The transition probabilities
show that regime one has the highest persistency, with p;; = 0.7265. The average duration of
this regime is 3.66 years. When the economy is in the moderate expansion phase, it has a higher
possibility of switching to the high expansion phase than to the recession phase (p,; =
0.1315; p,3 = 0.2112). This phase has a duration of 2.92 years on average, which is the
shortest predicted. However, the probability of shifting to the recession regime is 12.75%, and
to the moderate expansion regime is 19.13% when the economy is in the high expansion regime.
In addition, according to the results of the diagnostic tests, the error terms of the model are
normally distributed with constant variance at all significance levels and are also not
autocorrelated at the 1% significance level.
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Table 4. MSIA(3)-VAR(4) Model Estimation Results for Denmark

Variables Regime 1 Regime 2 Regime 3
DLCOz DLGDP DLREN DLCO:z DLGDP DLREN DLCO:; DLGDP DLREN
Intercept -0.053*** 0.003*** 0.002 0.111*** 0.002 -0.026 -0.065*** 0.025*** 0.084***
(-3.542) (2.651) (0.226) (3.519) (0.809) (-1.336) (-4.561) (21.466) (9.702)
DLCO; (-1) 0.148 0.056*** 0.239*** -0.337** 0.027** -0.231*%** -0.234** -0.033*** -0.123**
(1.389) (6.556) (3.707) (-2.642) (2.650) (-2.985) (-2.613) (-4.610) (-2.254)
DLCO; (-2) -0.510** -0.384*** 0.413*** 0.077 -0.029*** -0.269*** -0.352%** 0.077*** 0.896***
(-2.630) (-24.539) (3.510) (1.029) (-4.757) (-5.916) (-2.747) (7.496) (11.541)
DLCO; (-3) 0.608*** 0.052*** 0.080 -0.981*** 0.077*** -0.559*** 0.847*** 0.133*** -0.269***
(4.199) (4.424) (0.906) (-9.251) (9.000) (-8.691) (8.304) (16.197) (-4.346)
DLCO, (-4) 0.378*** 0.119*** 0.550*** -0.625*** 0.032** -0.685*** -0.667*** 0.011 0.166
(2.796) (10.897) (6.702) (-3.383) (2.124) (-6.105) (-3.666) (0.724) (1.507)
DLGDP (-1) 1.024** 0.737*** 0.341 -2.308* 0.586*** 1.054 2.016*** 0.088*** -1.034***
(2.044) (18.236) (1.123) (-1.770) (5.576) (1.332) (5.403) (2.936) (-4.566)
DLGDP (-2) 0.938** 0.489*** 0.146 2.973*** -0.077 -0.424 0.887*** 0.092*** 0.682***
(2.307) (14.917) (0.592) (4.279) (-1.371) (-1.006) (2.741) (3.536) (3.475)
DLGDP (-3) -1.771%F* -0.986*** -0.489 -2.207*** 0.101* 3.251%** -1.107*** 0.340*** -0.127
(-3.376) (-23.331) (-1.537) (-3.377) (1.925) (8.197) (-2.765) (10.532) (-0.521)
DLGDP (-4) 0.008 0.736*** -1.575*** -3.564*** 0.161*** -1.152%** 1.303*** 0.337*** -0.660**
(0.016) (18.913) (-5.377) (-5.929) (3.320) (-3.159) (2.871) (9.213) (-2.396)
DLREN (-1) 0.823*** 0.404*** 0.111 -1.254%** 0.066*** -0.336*** 0.027 -0.117*** 1.383***
(3.510) (21.406) (0.783) (-9.782) (6.426) (-4.316) (0.237) (-12.826) (20.149)
DLREN (-2) -0.837*** -0.495*** -0.021 -0.021 -0.169*** -0.743*** -0.227 -0.124*** -0.896***
(-4.254) (-31.182) (-0.176) (-0.094) (-9.285) (-5.411) (-1.376) (-9.296) (-8.942)
DLREN (-3) 1.568*** 0.418*** 0.465*** -0.107 0.149*** 0.472** 0.145 0.162*** -0.141*
(7.191) (23.785) (3.514) (-0.335) (5.796) (2.442) (1.220) (16.848) (-1.943)
DLREN (-4) -0.899*** -0.368*** 0.463*** 0.579* -0.061** 0.268 0.219*** 0.017*** 0.020
(-5.107) (-25.917) (4.338) (1.875) (-2.432) (1.430) (7.103) (6.86) (1.082)
Standard error 0.020 0.002 0.012 0.020 0.002 0.012 0.020 0.002 0.012
Transition Probabilities Duration Diagnostic Tests
Regime 1 0.7265 0.1321 0.1414 3.66 Vector Portmanteau(9) x%(45)=61.9975 [0.0471]
Regime 2 0.1315 0.6573 0.2112 2.92 Vector Normality Test x%(6)=7.1445 [0.3077]
Regime 3 0.1275 0.1913 0.6811 3.14 Vector Hetero Test x%(144)=136.1158 [0.6678]
Vector Hetero-X Test x*(270)=276.0000 [0.3878]

Note: *** ** and * denote 1%, 5% and 10% significant level. In the part where the statistics of the diagnostic tests are given, the values in brackets denote p-values.
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Table 5. MSIA(3)-VAR(4) Model Estimation Results for Sweden

Variables Regime 1 Regime 2 Regime 3
DLCOz DLGDP DLREN DLCO: DLGDP DLREN DLCO:2 DLGDP DLREN
Intercept -0.068*** -0.004 0.020** -0.036** 0.033*** 0.056*** 0.009 0.066*** 0.002
(-5.869) (-0.950) (2.617) (-2.198) (5.449) (5.116) (0.316) (6.353) (0.108)
DLCO; (-1) -0.761*** -0.115*** 0.377*** -0.297** 0.088* -0.109 0.820** -0.641*** 0.460*
(-7.296) (-2.951) (5.397) (-2.287) (1.808) (-1.255) (2.362) (-4.944) (1.978)
DLCO, (-2) -0.141* 0.026 -0.066 -0.724*** 0.113*** 0.242%** 0.403 -0.389*** 0.576***
(-1.739) (0.857) (-1.220) (-9.640) (4.043) (4.812) (1.249) (-3.23) (2.661)
DLCO, (-3) -0.393*** 0.082** 0.093 -0.044 0.059 -0.723*** 0.087 0.480*** -0.317*
(-4.339) (2.430) (1.535) (-0.401) (1.435) (-9.832) (0.318) (4.723) (-1.736)
DLCO; (-4) 0.078 0.054 -0.154** -0.603*** 0.027 0.063 -0.604*** 0.314*** -0.494***
(0.836) (1.545) (-2.461) (-4.109) (0.498) (0.641) (-2.898) (4.038) (-3.540)
DLGDP (-1) -0.666* 0.886*** 1.051%** -0.581* -0.271*%* 0.346 -2.139%** -0.559*** 1.272%**
(-1.996) (7.121) (4.702) (-1.725) (-2.155) (1.531) (-4.419) (-3.093) (3.920)
DLGDP (-2) -0.402 -0.208** -0.204 0.961** 0.318** -1.385%** 1.000 -2.310%** 3.172%**
(-1.614) (-2.232) (-1.224) (2.541) (2.252) (-5.464) (0.684) (-4.232) (3.236)
DLGDP (-3) -0.521 0.082 -0.301 -1.214%** -0.428*** -0.507** -4 137%** 1.568*** -1.337**
(-1.377) (0.584) (-1.188) (-3.383) (-3.192) (-2.107) (-4.310) (4.374) (-2.079)
DLGDP (-4) 0.094 -0.226 0.282 0.964*** 0.063 -1.674%** 6.646*** -1.132%** 1.099**
(0.177) (-1.147) (0.796) (3.140) (0.547) (-8.135) (8.913) (-4.065) (2.200)
DLREN (-1) -0.782*** -0.082 -0.087 -0.240* -0.080 -0.336*** 0.661*** 0.120*** -0.316***
(-3.427) (-0.960) (-0.566) (-1.743) (-1.555) (-3.633) (5.584) (2.718) (-3.987)
DLREN (-2) 0.637*** -0.149* -0.418*** -0.027 -0.094** -0.027 2.358*** 0.047 -0.858***
(3.150) (-1.974) (-3.087) (-0.214) (-2.001) (-0.317) (9.486) (0.509) (-5.150)
DLREN (-3) -0.638*** -0.280*** 0.592*** 0.196** 0.016 -0.289*** 0.745*** -0.343*** -0.202
(-3.051) (-3.581) (4.222) (2.097) (0.447) (-4.613) (3.826) (-4.719) (-1.55)
DLREN (-4) 0.287** 0.016 -0.392*** -0.584*** 0.043 0.148** -1.956* -1.070*** 2.402%**
(2.485) (0.365) (-5.068) (-6.579) (1.295) (2.491) (-1.971) (-2.886) (3.611)
Standard error 0.017 0.006 0.011 0.017 0.006 0.011 0.017 0.006 0.011
Transition Probabilities Duration Diagnostic Tests
Regime 1 0.5890 0.1309 0.2801 2.43 Vector Portmanteau(9) x%(45)=50.6353 [0.2609]
Regime 2 0.1245 0.8091 0.0664 5.24 Vector Normality Test x%(6) =5.6369 [0.4651]
Regime 3 0.2742 0.1371 0.5887 2.43 Vector Hetero Test x%(144) =119.3824 [0.9335]
Vector Hetero-X Test x2(270) =276.0000 [0.3878]

Note: *** ** and * denote 1%, 5% and 10% significant level. In the part where the statistics of the diagnostic tests are given, the values in brackets denote p-values.
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The estimated model for Sweden is MSIA(3)-VAR(4), and the analysis results are given
in Table 5. According to the results, regime 2 represents the most persistent period with a
duration of 5.24 years, and the probability of staying in this regime is quite high at 80.9%, as
expected. The average duration of recession and high expansion regimes is identical at 2.43
years. However, the possibilities of staying in the same regime are almost equal, with 58.90%
for the recession phase and 58.87% for the high expansion phase. For this country, when the
economy is in one of the expansion regimes, it seems more likely to switch to the recessionary
regime than switch to the other expansion regime. The probabilities of moving to the
recessionary regime are p,; = 0.1245 and p3; = 0.2742. Finally, when the economy is in the
recessionary phase, the probability of switching to the moderate expansion phase is 13.09%,
while the probability of switching to the high expansion phase is 28.01%. Furthermore,
diagnostic test findings demonstrate that the model's error terms have a normal distribution, a
constant variance, and no autocorrelation.

The empirical findings for Chile are shown in Table 6. The MSIA(3)-VAR(3) model was
selected as the best model for this country. The probabilities of staying in the same phase are
p11 = 0.6841, p,, = 0.5954, and p;3 = 0.6427. The average length of each regime
corresponds with these findings. When the transition probabilities obtained for regime 1 are
examined, it is seen that switching to regime 2 is more likely than switching to regime 3 (p;, =
0.2370; p13 = 0.0789). When the Chilean economy is in the high expansion phase, the
probability of moving to the recessionary phase is highly low, with p;; = 2.136e — 11, while it
is p3, = 0.3573 for moving to the moderate expansion phase. In addition, the possibility of
shifting to the recessionary regime is 15.66%, and to the high expansion regime is 24.79% when
the economy is in the moderate expansion regime. Additionally, the model's error terms have no
autocorrelation, or constant variance, and are normally distributed, according to the findings of
diagnostic tests.
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Table 6. MSIA(3)-VAR(3) Model Estimation Results for Chile

Variables Regime 1 Regime 2 Regime 3
DLCO> DLGDP DLREN DLCO:z DLGDP DLREN DLCO:; DLGDP DLREN
Intercept -0.018 -0.018** -0.001 0.000 0.033*** 0.026** 0.130*** 0.093*** 0.078***
(-1.481) (-2.360) (-0.090) (-0.010) (3.798) (2.236) (4.270) (4.802) (3.082)
DLCO; (-1) 2.000*** 2.390%*** 1.343*** -0.144 -0.068 -0.328** 0.424 0.330* 0.776%**
(4.864) (9.171) (3.905) (-0.855) (-0.639) (-2.324) (1.395) (1.714) (3.052)
DLCO:; (-2) 0.880*** 0.822%*** 0.619** -0.283* -0.271%** -0.037 -0.466** -0.063 -0.135
(2.774) (4.089) (2.332) (-1.799) (-2.724) (-0.284) (-2.035) (-0.438) (-0.707)
DLCO:; (-3) 1.028*** 1.377*** -0.141 0.351 0.084 0.291 0.366* 0.082 0.134
(3.036) (6.413) (-0.499) (1.665) (0.626) (1.651) (1.910) (0.677) (0.833)
DLGDP (-1) -1.758*** -1.761*** -1.239*** 0.977** 0.356 0.424 -0.559 0.067 0.260
(-4.943) (-7.815) (-4.167) (2.428) (1.395) (1.259) (-0.926) (0.176) (0.515)
DLGDP (-2) -0.574* -0.490** -0.225 -0.241 0.071 -0.366* 1.811%** -0.518 -0.666
(-1.783) (-2.399) (-0.836) (-0.942) (0.441) (-1.711) (3.336) (-1.504) (-1.466)
DLGDP (-3) -0.064 -0.346** 0.399* 0.009 0.082 -0.006 -0.134 -0.882 -1.119
(-0.234) (-2.002) (1.746) (0.039) (0.587) (-0.031) (-0.159) (-1.647) (-1.582)
DLREN (-1) -1.701%** -1.737%** -0.975*** -0.135 0.253 0.055 0.309 -0.578 -0.901
(-4.323) (-6.964) (-2.965) (-0.462) (1.361) (0.224) (0.420) (-1.239) (-1.463)
DLREN (-2) -1.143%** -0.703*** -0.702** 0.453 -0.057 0.261 -1.248*** -0.221 0.304
(-3.162) (-3.067) (-2.321) (1.602) (-0.317) (1.103) (-3.523) (-0.984) (1.025)
DLREN (-3) 0.116 -0.194 0.429 -0.382 -0.255 -0.230 -1.014 0.903** 0.809
(0.339) (-0.893) (1.494) (-1.479) (-1.558) (-1.061) (-1.603) (2.252) (1.530)
Standard error 0.028 0.018 0.023 0.028 0.018 0.023 0.028 0.018 0.023
Transation probabilities Duration Diagnostic Tests
Regime 1 0.6841 0.2370 0.0789 3.17 Vector Portmanteau(9) x%(36)=41.6687 [0.2377]
Regime 2 0.1566 0.5954 0.2479 2.47 Vector Normality Test x2(6) =9.6520 [0.1401]
Regime 3 2.136e-11 0.3573 0.6427 2.80 Vector Hetero Test x2(108) =65.1578 [0.9996]
Vector Hetero-X Test x%(276) =282.0000 [0.3890]

Note: *** ** and * denote 1%, 5% and 10% significant level. In the part where the statistics of the diagnostic tests are given, the values in brackets denote p-values.
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4.1. MS-VAR and MS-Granger Causality Results

Table 4 shows the analysis findings for the MSIA(3)-VAR(4) model, which was found to
be statistically appropriate for Denmark. According to these findings, in the first equation,
where DLCO:; (i.e., CO; innovation) is the dependent variable, the coefficients of all estimated
for DLREN and DLGDP are statistically significant, but for DLGDP(-4) in the first regime,
DLREN(-1) in the third regime, and both DLREN(-2) and DLREN(-3) in the second and third
regimes. In addition, in all regimes, it was found that economic growth and renewable energy
consumption are Granger causes of CO,. All DLCO; and DLREN coefficients except DLCO»(-
4) in regime three were found to be statistically significant in the equation where GDP
innovation is the dependent variable. Hence, CO, emissions and renewable energy consumption
are the Granger causes of economic growth in all regimes. According to the third equation,
where REN innovation is the dependent variable, all DLCO, coefficients are significant at
conventional levels of significance, but DLCO,(-3) in regime one and DLCO(-4) in regime
three. When the estimated coefficients for DLGDP are considered, it can be seen from the
results that DLGDP(-4) in regime one and DLGDP(-3) and DLGDP(-4) in regime two are
statistically different from zero. Moreover, the only coefficient that is not statistically significant
in regime three is DLGDP(-3). As a result, there is evidence of two-way Granger causality
between renewable energy consumption and CO, emissions. Furthermore, it seems that
economic growth is Granger cause of CO, emissions, while CO, is Granger cause of economic
growth in the reverse direction. Additionally, results suggest evidence that there is two-way
Granger causality between GDP and REN. It should also be noted that all Granger causality
interpretations are valid for all regimes.

The MSIA(3)-VAR(4) model was chosen for Sweden, and Table 5 shows the results.
When the GDP coefficients in the first model are examined, where DLCO is the dependent
variable, it seems to be that DLGDP(-1) in regime one, all in regime two, and all except
DLGDP(-2) in regime three are statistically significant. Except for DLREN(-2) in the second
regime, the REN coefficients of innovations are statistically different from zero in all regimes.
When the significant coefficients of this equation are considered, we can say that economic
growth innovations and renewable energy consumption innovations are the Granger causes of
CO; emissions. All DLCO- coefficients in the DLGDP equation are significantly different from
zero except DLCO4(-2) and DLCO4(-4) in regime one, DLCO(-3), and DLCO2(-4) in regime
two. Meanwhile, DLREN(-2) and DLREN(-3) in the first regime, DLREN(-2) in the second
regime, and all DLREN coefficients in the third regime are also statistically significant.
According to the results of this country, CO, and REN are Granger causes of GDP. Except for
DLCO(-2) and DLCO>(-3) in regime one and for DLCO3(-1) and DLCO(-4) in regime two, all
CO: innovations for DLREN are significantly different from zero in the third equation. On the
other hand, DLGDP(-1) in regime one and all DLGDP coefficients except DLGDP(-1) in the
second regime are statistically significant in the second and third regimes. Finally, as in
Denmark, the findings of the study point out two-way Granger causality in all regimes between
economic growth and renewable energy consumption, as well as between renewable energy
consumption and CO- emissions and between economic growth and CO, emissions.

The best model for Chile was determined to be the MSIA(3)-VAR(3) model, as seen in
Table 6. The coefficients of DLGDP(-1) and DLGDP(-2) in regime one, DLGDP(-1) in regime
two, and DLGDP(-2) in regime three are significantly different from zero in the first model,
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where CO; innovation is the dependent variable. This means that there is Granger causality
from GDP to CO,. Also, the coefficients of DLREN(-1) and DLREN(-2) in regime one and
DLREN(-2) in regime three are statistically significant. Hence, we may claim that Granger
causality exists from REN to CO,. But also, there is no evidence of a causal relationship
between REN and CO, when the Chilean economy is in the moderate expansion regime. The
second equation is the model, where gdp is the explained variable. All coefficients of CO;
innovations in the first regime, DLCO2(-2) in the second regime, and DLCO(-1) in the third
regime are significantly different from zero. In the same equation, the coefficients of DLREN(-
1) and DLREN(-2) in regime one and DLREN(-3) in regime three are statistically significant,
while there is no Granger causality from REN to GDP in regime two. Additionally, in the third
equation, the explained variable of which is REN innovation, DLCO; coefficients are
statistically different from zero except DLCO2(-3) in regime one, DLCO(-2) and DLCO,(-3) in
both regimes two and three. Also, the coefficients of DLGDP(-1) and DLGDP(-3) in regime one
and DLGDP(-2) in regime two are statistically significant, but there is also no Granger causality
from GDP to REN. As a result, the findings show two-way Granger causality between
economic growth and CO; emissions in all regimes, renewable energy consumption and CO-
emissions in the first and third regimes, and one-way Granger causality from CO, emissions to
renewable energy consumption in the moderate expansion regime. Consequently, for this
country, it can be said that there is two-way Granger causality in the first regime, one-way
Granger causality from GDP to REN in the second regime, and one-way Granger causality from
REN to GDP in the third regime when the causal relationship between renewable energy and
economic growth is considered.

4.2. Standard Linear Granger Causality Results

This section compares the causality obtained by two alternative approaches. The
knowledge of the direction of causality is critically important for accurately determining the
energy hypothesis and hence energy policy strategies. Therefore, we also applied the standard
Granger causality method to the same data set and presented the results in Table 7. Our purpose
is to compare the test results with the findings of the MS-Granger causality. When we examined
the findings, we found that the results of the two tests completely contradicted each other.
According to the results of the standard Granger causality method, there is no causality between
renewable energy consumption and economic growth in any regime. It means the neutrality
hypothesis holds for all three countries analyzed. In contrast to the results of the MS-Granger
causality approach, we did not find evidence of the causality between CO, emissions and
economic growth for any of the countries we studied when we applied the standard Granger
causality method. In conclusion, MS-Granger findings differ greatly from standard Granger
results because, while the first technique takes structural breaks or cyclical variations into
account, the second one does not.
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Table 7. Standard Linear Granger Causality Results

Countries Causality Direction x? Prob. Causality Decision
DLGDP-DLCO; 1.6996 0.4275 No
DLREN-DLCO; 2.1650 0.3387 No
Denmark DLCO,—»DLGDP 1.9715 0.3732 No
DLREN—-DLGDP 3.3874 0.1838 No
DLCO,;—DLREN 0.1952 0.9070 No
DLGDP—-DLREN 0.2829 0.8681 No
DLGDP-DLCO; 1.8978 0.1683 No
DLREN-DLCO; 0.8585 0.3541 No
Sweden DLCO,—»DLGDP 0.1876 0.6649 No
DLREN—-DLGDP 0.2603 0.6099 No
DLCO,—DLREN 0.3629 0.5469 No
DLGDP—-DLREN 0.0298 0.8629 No
DLGDP-DLCO; 0.0006 0.9802 No
DLREN-DLCO; 0.3742 0.5407 No
Chile DLCO,—»DLGDP 0.1551 0.6937 No
DLREN—-DLGDP 0.5493 0.4586 No
DLCO,—»DLREN 0.2605 0.6098 No
DLGDP-DLREN 0.0777 0.7803 No

5. Discussions and Policy Recommendations

In this section, we will discuss the empirical results of the MS-Granger causality method
developed by Psaradakis et al. (2005). We found a two-way causal relationship between
economic growth and CO; emissions for all three countries in all three regimes, which is
consistent with Saidi and Omri (2020) and Radmehr et al. (2021) in Denmark and Sweden.
Furthermore, there is evidence for a two-way causal relationship between renewable energy
consumption and CO; emissions in all three regimes for all three countries but a one-way causal
relationship from CO; to REN in the moderate expansion regime for Chile. These results
comply with the results of Irandoust (2016) in Sweden. When the causality between economic
growth and renewable energy consumption is considered, the results of our study show that
there is evidence of a two-way causality between renewable energy consumption and economic
growth in the recessionary regime for Chile and in all three regimes for Denmark and Sweden.
Also, there is a one-way causal relationship from economic growth to renewable energy
consumption in the moderate expansion regime and from REN to GDP in the high expansion
regime for Chile. These conclusions are consistent with the results of Saidi and Mbarek (2016)
in Sweden, Jebli et al. (2020) for Sweden and Denmark in the long run and for Chile in the short
run, and Radmehr et al. (2021) in Denmark and Sweden. According to these findings, we
concluded that the feedback hypothesis is valid in the recessionary regime, the conservation
hypothesis in the moderate expansion regime, and the growth hypothesis in the high expansion
regime for Chile, which is consistent with Joo et al. (2015) in Chile, while the feedback
hypothesis is valid in all regimes for Denmark and Sweden.

According to the results for Denmark, there is a two-way causal relationship between
CO, emissions and economic growth during times of recession. Based on IEA data, the fact that
fossil fuels accounted for the majority of total energy usage for the years included in the
analysis further supports this conclusion. At the same time, we found a two-way causal
relationship between renewable energy consumption and CO-. emissions. In addition, for both
the moderate expansion and high expansion regimes, CO, emissions and renewable energy
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consumption cause economic growth, such as during times of recession. These results show that
the feedback hypothesis is valid in all regimes for Denmark. However, the Danish government
announced a net-zero by 2045 plan in 2022, with the goal of reducing emissions by 110% by
2050. In contrast to the MS-Granger causality findings, standard Granger causality results for
Denmark suggest no relationship between economic growth and renewable energy
consumption. Both causality approaches have completely different policy consequences, but the
MS-Granger causality method is more reliable than the standard Granger causality because it
takes into account the dynamics of the economy. Consequently, in order to reach its goals, the
government should put in place incentive programs that encourage the use of renewable energy
sources while keeping current regulations.

Sweden has the lowest CO; emissions, with 3.304 metric tons per capita in 2021. Also,
according to the IEA (2019) report, the transport sector, which is still primarily reliant on oil, is
the main source of greenhouse gas emissions. From 2010 to 2030, the government has set a goal
to cut transportation-related emissions by 70%. They also intend to decrease carbon emissions
by 59% in 2030 compared to 2005 and to have a net-zero carbon economy in 2045. The results
obtained for Sweden show that there is a two-way causal relationship between CO, emissions
and economic growth in all regimes. At the same time, we found a two-way causal relationship
between renewable energy consumption and economic growth in the Swedish economy, while
standard Granger causality results suggest that there is no relationship between them. For
Sweden, the feedback hypothesis holds in all regimes, as in Denmark. These results emphasize
the importance of sustainable energy policies in balancing economic development with
environmental concerns. Thus, Swedish policymakers should focus on developing policies that
promote the use of clean fuels in the transport sector.

In Chile, there is a two-way causal relationship between economic growth and CO.
emissions in all regimes. CO, emissions have increased significantly as a result of rapid
industrialization and increasing energy demand. According to the IEA (2018) report, the
percentage of fossil energy sources in overall energy usage was 73.2% in 2016, which confirms
these findings. This situation is also reflected in the level of the country's CO; emissions. Also,
there is no two-way causal relationship between renewable energy and CO, emissions in the
moderate expansion regime. Thus, increasing the share of renewable energy could reduce the
value of CO;, emissions. Furthermore, in the same regime, we found a one-way causal
relationship from economic growth to renewable energy consumption, while this causality for
the other direction exists in the high expansion regime. Despite the fact that standard Granger
causality results support the neutrality hypothesis, MS-Granger findings suggest the
conservation hypothesis and growth hypothesis in the moderate expansion regime and the high
expansion regime, respectively. The Chilean government, which has committed to achieving
net-zero emissions by 2050, has put in place a variety of policies and laws to encourage the
production and use of renewable energy. Also, we recommend expanding incentives for
renewable energy production and consumption, as well as investing in research and
development to further improve renewable energy technologies.

Consequently, in the case of Denmark and Sweden, the feedback hypothesis, which holds
in all three regimes, suggests that both countries have aligned environmental sustainability with
economic growth. For these countries, we recommend that they keep investing more in
renewable energy and promote technological innovation. For Chile, the different causal
relationships between the regimes suggest that the Chilean government should regulate its
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energy policies in a flexible manner. During a recessionary regime, the validity of the feedback
hypothesis implies that economic recovery requires increased investment in clean energy.
Policymakers should invest in renewable energy infrastructure and provide incentives for both
businesses and households to adopt renewable energy sources. In the moderate expansion
regime, there is a one-way relationship from economic growth to renewable energy
consumption. This finding may indicate that policymakers have not invested enough in
renewable energy infrastructure while supporting economic growth or that these investments
have been insufficient in the presence of economic growth. Therefore, we can say that during
this regime, subsidies, tax incentives, and grants should be made more pronounced both to
increase renewable energy investments and to incentivize renewable energy. The finding that
renewable energy investments contribute to growth in the high expansion regime suggests that
the development of renewable energy technologies and infrastructure is critical for sustainable
economic growth in this regime. Besides this, given the two-way MS-Granger causality
between economic growth and CO; emissions in all regimes, it is essential to develop strategies
for sustainable economic growth that prioritize low-carbon development. Investing in green
technologies, enhancing public transportation systems, and encouraging sustainable agricultural
practices can help reach this goal. Finally, the two-way MS-Granger causality between
renewable energy consumption and CO, emissions suggests that increasing renewable energy
usage can directly reduce carbon emissions. Policies should therefore focus on scaling up
renewable energy production and facilitating its adoption.

6. Conclusion

This study analyzes the relationship between CO, emissions, renewable energy
consumption, and economic growth in different economic regimes for Denmark, Sweden, and
Chile, the countries with the highest scores according to the CCPI (2023). For this purpose, MS-
VAR and MS-Granger causality methods were applied to annual data for the period of 1971 to
2021. The MS-VAR and the MS-Granger causality approaches provide us the opportunity to
estimate and interpret separately for different regimes of the economy, such as recession and
expansion. In reality, the recession and expansion regimes of the economy have their own
specific structure. These nonlinear methods are superior to linear ones because nonlinear
methods take into account these specific structures of the economy. However, this is the first
study that examines the relationships between the variables mentioned above by using MS-VAR
and MS-Granger causality approaches. So it enriches the literature in this respect.

The results of this study show that there is a two-way causality between CO, emissions
and economic growth in all regimes and for all countries. As expected, we found that CO,
emissions were the cause of economic growth. This finding can be associated with the validity
of the EKC hypothesis, which suggests that environmental pollution increases in the early
phases of economic growth but decreases after a certain level of prosperity is reached as
environmental awareness increases and cleaner technologies are adopted. Also, due to the
findings, there is a two-way MS-Granger causality between renewable energy consumption and
CO- emissions in general, except in the moderate expansion regime for Chile. The existence of
this relationship in Denmark and Sweden, across all three regimes, indicates that these countries’
energy policies promote the shift towards renewable energy. This result also supports
sustainable growth theory while means that green economy transition strategies are effectively
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utilized. Additionally, when the relationship between renewable energy and economic growth is
considered, our findings point to two-way causality for Denmark and Sweden. This implies that
renewable energy investments are both a consequence and a propulsion of growth. This is
consistent with long-term sustainable development goals, showing that growth increases energy
demand, while energy efficiency and technology improvements contribute to economic growth.
In all regimes for the three countries except moderate and high expansion regimes for Chile, the
results support the feedback hypothesis that renewable energy and economic growth in general
play a complementary role. However, for Chile, we also found evidence for the conservation
hypothesis in the moderate expansion regime and for the growth hypothesis that renewable
energy is the cause of economic growth in the high expansion regime. Standard Granger
causality results assert neutrality between these variables. This means that an increase in GDP is
not related to renewable energy use, and policy changes linked to renewable energy
consumption will have no effect on economic growth. This is completely in contrast to the
findings of the MS-Granger method. Given the fact that business cycles characterize economies,
the development and implementation of regime-specific policies are critical for the proper
management of resources. Therefore, if policymakers follow the findings of the standard
causality tests, policies to be implemented could negatively impact the economy and the
environment.

Consequently, all three countries attach great importance to the share of renewable energy
sources and the reduction of CO; emissions, as evidenced by their high scores in the CCPI
(2023) report. However, renewable energy consumption has a two-way causal relationship with
both economic growth and CO, emissions in some regimes, while there is a one-way causal
relationship in others, according to the research. Therefore, determining the existence and
direction of the causal relationship between renewable energy and other variables separately for
each regime is critical for developing accurate and effective environmental policies, taking into
account the economic regime in which the country is located. In this respect, increasing
investment in renewable energy technologies that do not cause climate change and
environmental degradation, considering the transition phases between economic regimes, is a
necessity for all countries to create a cleaner, healthier environment for current and future
generations.
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Abstract
Facilitating participation in the financial system through digital technologies became
important to identify the determinants of Digital Financial Inclusion (DFI). In this
context, the study aims to examine the use and accessibility of DFI and measure it
specifically for Tirkiye. The data is divided into two categories: demographic variables
(gender, age, income, and education level) and variables related to DFI (account
ownership, ownership of mobile money account, saving, and borrowing) and was
compiled from the Global Findex Database 2021. Considering the binary structure of the
dependent variable, the probit model was used in the study. Although our model
findings indicate that demographic characteristics such as gender, education, and income
have a significant effect on account ownership and savings, when marginal effects are
taken into account, education is the strongest determinant of DFI. Regarding the income
level, the coefficient estimates for the four income quintiles were found statistically
significant. However, for lower-income quintiles, particularly the poorest 20 percent and
the second 20 percent, the probability of being financially included was found to be
significantly lower. When all variables are taken into consideration, women are more
financially excluded than men, and there is significant gender inequality, especially in
terms of account ownership.
Oz

Dijital teknolojiler aracilig: ile finansal sisteme katilimin kolaylasmasi, Dijital Finansal
Kapsayiciligin (DFK) belirleyicilerinin tespit edilmesi agisindan énemli hale gelmistir.
Bu kapsamda calisgmada, DFK’min kullammi ve erisebilirligi incelenerek, Tiirkiye
Ozelinde 6lgiilmesi amaglanmistir. Veriler, demografik degiskenler (cinsiyet, yas, gelir
ve egitim diizeyi) ve DFK ilgili degiskenler (hesap sahipligi, mobil para hesap sahipligi,
tasarruf ve borglanma) olmak tizere iki kategoriye ayrilmis olup Global Findex Database
2021 veri tabanindan derlenmistir. Bagimli degiskenin binary yapist goz Oniine
alindiginda calismada probit model kullanilmistir. Model bulgularimiz cinsiyet, egitim
ve gelir gibi demografik 6zelliklerin, hesap sahipligi ve tasarruf iizerinde Snemli bir
etkiye sahip oldugunu isaret etse de marjinal etkiler dikkate alindiginda DFK’nin en
giiclii belirleyicisinin egitim oldugunu gostermektedir. Gelir diizeyine iliskin olarak dort
gelir dilimine iligkin katsay1 tahminleri istatistiksel olarak anlamli bulunmustur. Bununla
birlikte, daha diigiikk gelir dilimleri i¢in, 6zellikle en yoksul %20’lik kesim ile ikinci
%20'lik kesimin finansal agidan dahil olma olasiliklar1 onemli o6lgiide diisiik
bulunmustur. Tim degiskenler goz Oniine alindiginda, kadinlarin finansal olarak
erkeklere gore daha fazla dislandigi, ozellikle hesap sahipligi agisindan Snemli bir
cinsiyet esitsizliginin var oldugu goriilmektedir.
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1. Introduction

The spread of digitalization worldwide has led to revolutionary transformations by
showing its effect in the economic and social fields. In this transformation, creating value with
digital technologies has come to the fore and has an impact on all sectors. One of the sectors in
which the influence of digital technologies is increasing gradually has been the financial
services sector. In this sector; advanced technologies such as artificial intelligence and smart
automation technologies have started to be used widely. Digital technologies included in the
financial system have led to the emergence of digital financial products and services and digital
identities, payment systems have become digital and diversified, and digital platforms that
support the formation of digital infrastructure have emerged and become a part of digital
transformation (Thathsarani and Jianguo, 2022). Along with the digital transformation, which is
especially effective in the banking sector, digital formations such as Internet banking, mobile
banking, branchless banking, and mobile wallets, where artificial intelligence applications are
used, have been included in the financial system (Babarinde et al., 2020). Digital platforms and
services have facilitated the participation and access of all segments of society to the financial
system through mobile devices with widely used digital technologies.

Digital financial services, which have an important role in the growth of financial
inclusion, have revealed the concept of "Digital Financial Inclusion (DFI)", which is a
combination of digital technology and digital inclusive finance. “DFI comprises the financial
services that meet the needs through digital tools of the population who are financially
excluded, have difficulty accessing financial services, and cannot benefit from financial services
adequately. It also involves financial services that are affordable for customers, sustainable for
providers, and cost-saving (World Bank Group, 2014; Nandru et al., 2021). Among the reasons
for exclusion of the financially excluded people are having not sufficient financial possibilities,
religious reasons, not needing any financial services, having an account from one of a family
member, physical distance from bank branches, expensive financial services, and lack of trust
(Allen et al., 2016). Another reason for financial exclusion could be inequalities in access to
digital services both nationally and internationally. In UNDP's Sustainable Development Goals,
it is stated that almost more than four billion people, ninety percent of whom are in developing
countries, still do not have access to the internet and therefore cannot access to digital services
(Nandru et al., 2021). It is widely accepted that DFI should be ensured in order to remove the
barriers to access to digital services and close the digital gap and that digital financial services
will contribute to growth by promoting the growth of financial inclusion (Ghosh and
Chaudhury, 2020). Digital technologies play an important role in the development of banking
and financial services penetration, especially in developing countries, and pave the way for DFI
(Nandru et al., 2021).

Financial and banking systems have become more efficient with digital financial
technologies. Digital finance which causes transformation in the finance and banking industry
refers to financial services offered through personal computers, mobile phones, other wearable
and mobile technological devices, the internet, and digital payment systems. The digitalization
of financial services can ensure that the transaction costs of these services are more convenient
and economical compared to traditional banking services. Thereby, low-income and poor people
particularly in developing countries, can be included in the official financial system and benefit
from more comfortable and safe banking services. Thus, these people who are included in the
financial system may save money and have easier access to credit. Digital finance also provides
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many advantages to customers in terms of making financial decisions faster, having more
control over personal finance, and providing the ability to receive and make faster and easier
payments. However, in order to provide a digital financial environment, different actors such as
financial technology providers, finance-banking institutions, agencies, mobile network
operators, necessary technological infrastructure, retail chains, customers, and their participation
in the system should be ensured (Durai and Stella, 2019).

The study conducted by Boston Consulting Group (BCG) stated that especially mobile
financial services have a positive effect on financial inclusion, but this effect varies from
country to country (BCG, 2011). Making the financial system more inclusive and accessible
will also secure the people who have been financially excluded and have difficulties accessing
the financial system, thereby facilitating their access to official finance. In this case, these
financially excluded people will be able to increase their income, establish a business, make
investments and save, contribute to economic activities, and thus support economic growth
(Ghosh and Chaudhury, 2020).

High participation and inclusiveness in the financial system provide advantages such as
lower bank account costs, stronger legal rights, and the creation of more politically stable
environments (Allen et al., 2016). Despite the advantages of financial inclusion, a large
proportion of the adult population still does not have a bank account (Ghosh and Chaudhury,
2020). There can be various negative effects of not having a bank account. For example, if not
having a bank account, difficulties may be experienced in liquidity management and payments,
and high fees may be incurred in the use of services such as money orders and checks to cash
(Lusardi, 2011). The fact that approximately two-thirds of the adult population who do not have
a bank account in the world have at least one mobile phone can facilitate access to mobile
financial services and contribute to the growth of financial inclusion (Demirgiic-Kunt et al.,
2018). In addition, increasing banking penetration with the help of digital platforms, mobile
banking services, and other digital technologies, and providing the necessary infrastructure to
use all these factors will increase financial inclusion (Ghosh and Chaudhury, 2020).

The issue of financial inclusion has become one of the priority agenda items, attracting
the attention of both countries and international organizations on a global scale. For example,
financial inclusion, which was accepted as one of the important components of global
development at the G20 summit in 2010, emerged as a tool for inclusive economic growth
(GPFI, 2015; Ghosh and Chaudhury, 2020). Also at the summit, the "Financial Inclusion Action
Plan" was approved for financial inclusion, which is accepted as the main agenda of global
development, and the establishment of the "Global Partnership for Financial Inclusion” was
announced (GPFI, 2015). Afterward, financial inclusion has been among the official goals of
more than sixty governments around the world and has been adopted as the main objective in
the Development Agenda of the United Nations member states after 2015 (Sahay et al., 2015).
In 2014, "Financial Access, Financial Education, Financial Consumer Protection Strategy, and
Action Plans" came into effect in relation to financial inclusion, which has been internalized by
being among the official targets in Tiirkiye as a developing market. This strategy and action
plan which is in line with the innovative financial inclusion principles determined in the G20
intended to be developed financial inclusion. In this respect, it is aimed that financial products
and services are spread more inclusively to all individuals and businesses, financially excluded
people are included in the financial system, and financial inclusion is increased by increasing
the quality and use of financial products and services (CBRT, 2014). This action plan also

702



T. Giliz & G. Poyraz, “Digital Financial Inclusion and its Determinants: Evidence from Tiirkiye”

focused on two issues, namely, that financial education should be inclusive of the whole society
and the protection of consumers. In addition, Tiirkiye also took some important steps to increase
the diversity of financial products and services with the “Istanbul International Financial Center
Strategy and Action Plan” prepared by the State Planning Organization in 2009 (Bozkurt and
Karakus, 2020). In this direction, issues related to identifying the determinants of financial
inclusion and ensuring access to financial services by all the people of society have started to
take place among the development goals.

According to the World Bank Global Findex data, it is stated the proportion of the adult
population holding an account in an official financial institution in Tirkiye increased between
2011 and 2017. This rate increased from 58 percent in 2011 to 57 percent in 2014 and to 68
percent in 2017. While Tiirkiye was slightly above the developing country average of 61 percent
as of 2017, it remained close to the world average of 67 percent. Despite this, it is seen that
Tiirkiye remains below OECD countries and upper-middle-income countries. However, the
number of people actively using digital banking services has reached 90 million 579 thousand
individuals both individual and corporate in 2022 in Tiirkiye. It is observed that there has been a
significant increase in the number of those actively using digital banking services between 2017
and 2022. The number of people, which was 35 million in 2017, increased to 91 million in 2022
and increased by approximately 62 percent. The increase in mobile banking services was
remarkable in this increase (TBB, 2022).

The purpose of this study is to examine and measure the use and accessibility of DFI in
Tirkiye. To that end, the data is divided into two categories: demographic variables and
variables related to DFI, and was compiled from the Global Findex Database 2021. Considering
the binary structure of the dependent variable, the probit model was used in the study.

This study aims to contribute to the empirical literature on financial inclusion in Ttrkiye
by using a rich individual-level data set. It is thought that the research findings will be beneficial
to policymakers and service providers in improving the current status of DFI and identifying the
barriers in front of it. In addition, since it is observed that a wide variety of variables are used in
most of the studies in the financial inclusion literature, which is the subject of studies at macro
and micro scales, and mostly indices created and country comparisons are made, it is thought
that determining the main determinants of DFI and evaluating them in a country-specific
manner will contribute to the literature.

The rest of the study is organized as follows. In the second part of the study, the literature
on DFI will be mentioned, in the third part, the data set and method will be emphasized, this
part will be followed by the findings, and finally, the conclusion part will be given.

2. Literature Review

Financial inclusion, especially DFI, has become one of the determinants of development
in developing countries. Moreover, the new term development goals focus on the development
of these countries, the issue of financial inclusion has become an increasing area of interest for
various researchers, policymakers, and financial sector stakeholders, and has been examined in
many aspects in the literature. The subject of financial inclusion has also been included in
various studies in Tirkiye. However, to the best of our knowledge, there is a limited number of
studies in the empirical literature on the determinants of DFI, especially in Tirkiye.
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Ozsuca (2019) analyzed the level and main determinants of financial inclusion for
Tiirkiye by using the 2017 World Bank Global Findex individual level of data. The study
focused on how the relationship between formal financial services usage and individual
characteristics such as education, age, gender, and income. Moreover, explored how individual
characteristics affect financially excluded people in Tiirkiye's perceived barriers to owning
accounts. The results of the study reveal that the probability of having an official account and
savings increases according to the characteristics of being more educated, richer, older, and a
male. The other result of the study is the individual traits that drive the use of other traditional
formal financial services and mobile banking are the same.

Gunduz and Ozyildirim (2019) calculated a financial inclusion index for the 81 provinces
in Tirkiye in the period 2011-2018. They aimed to reveal the proportion of people who don't
use financial market instruments for various reasons and how wide the range of financial
products and services can reach in Tirkiye. They found that the index values that depict the
financial system dimensions exhibit significant regional variations. For instance, while the
provinces such as Istanbul, Izmir, Ankara, Antalya, and Mugla had the highest financial
inclusion index value, Bingol, Sanliurfa, Sirnak, Batman, and Mus were in the lowest index
value category.

Dar and Ahmed (2020) aimed to reveal financial inclusion determinants, the barriers to
the determinants of financial inclusion, and the informal financial activities' determinants in
India. They used independent variables such as education, age, gender, and income and used the
Probit model for the analysis. According to their results, education, income, gender, and age
have a substantially effect on variety of financial inclusion factors. These factors also have an
essential effect on borrowing and informal savings.

Rahimyar ve Curuk (2021) examined the determinants and current situation of financial
inclusion in Tiirkiye by using a questionnaire method on 480 people. They analyzed the
obtained data with Probit regression. According to their findings, the rate of account ownership
which is the fundamental indicator for financial inclusion is the percentage of 89.8. They also
indicated that people most commonly prefer borrowing from family members or friends and
using a formal account in order to save their money. Moreover, they stated that a percentage of
69.8 of people benefited from insurance services the other factor of financial inclusion. In
accordance with the regression results, the level of education and income of the people
considerably affect formal savings and account ownership.

Habesoglu (2021) aimed to investigate financial inclusion specifically with regard to
women in Tirkiye. Within this scope, he aimed to answer the questions; of whether gender is an
obstacle to financial inclusion and if the answer is yes, whether women's income level affects
financial inclusion. He aimed to find with these questions whether women were excluded from
the financial system in Tirkiye. As a result, he found that approximately more than half of the
women are excluded financially in Tiirkiye and there is a substantial divergence between men
and women.

Sarigul (2021) analyzed the level of financial inclusion development of regions and
provinces in Tirkiye in the period from 2011-2018. In this analysis, he developed a financial
inclusion index by using access and usage dimensions. According to the result of the study, the
regions evaluated as very high, high, medium, low, and very low, and found that Istanbul has a
very high index value in the years considered. The index values of the Aegean, Western
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Marmara, and Western Anatolia were in the high index value category. While, the
Mediterranean, Eastern Marmara, and Eastern Black Sea were in the medium index value,
Western Black Sea was in a low category. Lastly, Southeast Anatolia and Middle East Anatolia
were in the very low index values category of financial inclusion. Provinces' financial index
values found that consistent with their included index values of regional.

Nandru et al. (2021) investigated DFI determinants in India and the effect of
characteristics of the demographic on the usage and accessibility of DFI. They measured the
usage and accessibility of DFI in relation to demographic properties such as gender, education,
employment status, income, and age. They found that the factors of employment status, age,
income, gender, and education have a substantial effect on accessibility. Moreover, these factors
have a considerable impact on the use of the digital environment for financial transactions such
as made payments and receipts through mobile devices or internet usage.

Anane and Nie (2022) examined determinants of the adoption of financial services by
using the Logit model. They evaluated the level of adoption among the key socio-demographics.
The result of the Logit model stated that factors such as awareness, transaction cost, effort
expectancy, facilitating conditions, privacy, security, and self-efficacy affect the adoption of
digital financial services positively and also increase the adoption of digital financial services in
several ratios. Moreover, the findings showed a substantial disparity in adoption rates across
important socio-demographic factors, such as education level, gender, place of residence (urban
vs. rural), and administrative areas of Ghana.

3. Data and Methodology

In this study, we aimed to identify the determinants of DFI in Tiirkiye and determine how
individual characteristics (gender, age, income, and education level) are related to account
ownership, ownership of mobile money accounts, saving, and borrowing. To that end, the data
was obtained from The World Bank Global Findex (2021) database published in June 2023. The
data were collected from nationally representative surveys of about 128,000 adults over 15 years
of age in more than 120 economies including the Tiirkiye during the COVID-19 pandemic.

The previous versions are from 2011, 2014, and 2017 and also include a variety of new
series that measure financial resilience and health in addition to the use and accessibility of
formal and informal financial services. Moreover, the data identifies the gaps in the usage and
access to financial services by poor adults and women. The sample size is 1,000 individuals for
Tiirkiye.

As the dependent variables are binary, we use the Probit models that have been estimated
along with marginal effects to analyze the determinants of DFI. In an econometric model, if the
dependent variable has a normal distribution, analyses can be performed with linear models.
When the dependent variable is not normally distributed, the assumptions cannot be met if the
variable has two or more categories. Therefore, analysis with linear models is insufficient.
Approaches such as the linear probability model, logit, and probit models are used to estimate
models with this structure.

Logit or probit models are generally preferred when the dependent variable is categorical.
The main difference between these two models is that the tail of the logit distribution is slightly
fatter than the probit model. That is, in the probit model, the conditional probability of Pi
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approaches 0 or 1 more quickly than in the logit model (Gujarati, 2004; Gujarati and Porter,
2009). The standard normal distributions, which form the basis of probit, and the standard
logistic, which form the basis of logit, both have a mean value of zero, but their variances differ;
1 for the standard normal (Gujarati, 2004). In other words, the main difference between the two
models is that the logistic cumulative distribution function is used in the logit model, while the
normal cumulative distribution function is used in the probit model. This is because in the probit
model, the basic dependent variable, which is the non-binary version of the dependent variable
"y", is assumed to have a normal distribution, while in the logit model, the basic dependent
variable is distributed in the form of a logistic curve. This hypothetical variable Y* is
transformed by the cumulative normal in probit or the logistic transformation in logit (Aldrich
and Nelson, 1984). Another difference of the probit model is that the results obtained from the
analyses made with the same data are closer to the asymptotes, which is more consistent, than
the logit model.

The probit model, based on utility theory or rational choice approach developed by Mc
Fadden, is one of the regression models in which the dependent variable takes values of 0 and 1
such as successful-unsuccessful, yes-no, present-absent, observed-not observed, that is, it has
two categories (Gujarati, 2004; Gujarati and Porter 2009). If the dependent variable is binary
structure and normally distributed, a probit model using the cumulative normal distribution
function is needed. In the probit model, when interpreting the estimated parameter coefficients,
marginal effects are usually taken into account to measure the effects of the independent
variable on the expected value of the dependent variable. In other words, the instantaneous
effect of a one-unit change in the independent variable on the estimated probability, when other
variables are held constant, is measured by the marginal effect.

Accordingly, the following specification is employed in the empirical analysis:
DFIl =« + BiGender + B, Age + [3 Income + 3, Education + ¢ (1)

In equation 1, DFI is a proxy represented by four different financial inclusion measures,
namely, ‘ownership of bank account’, ‘mobile money account’, ‘formal savings’, and
‘borrowing’. The independent variables are individual characteristics that are expected to
determine the DFI. Individual characteristics are mainly ‘gender’, ‘age’, ‘income’, and
‘education’. These variables are constructed as dummy variables, except for the variable age.
Gender variable, for example, is measured using two categories; equal to one if an individual is
a female and zero otherwise. Regarding income, we consider five different income quintiles and
use four different dummy variables, each one measured using two categories. The dummy
variable for the richest quintile is omitted. In an indicator divided into five equal groups, each
group is known as a quintile. Each of quintile represents 20% or 1/5 of the indicator's value
range. The lowest 1/5 of values from 0-20% of the range are represented by the first quintile. In
other words, the first quintile group represents 20% of the population with the lowest income
and the fifth quintile group represents the 20% of the population with the highest income. The
values from 20-40% are included in the second quintile; 40-60% are included in the third
quintile; 60-80% are included in the fourth quintile; and the top 1/5 of values from 80-100%
are included in the fifth quintile. When data is regarded as a quintile, users can quickly compare
indicator values by comparing an economy's position to other economies for which data is
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available by quintile®. For instance, when income falls into the first income quintile-1, it equals
one; otherwise, it equals zero; and so on for the remaining other dummies (Gosh and
Chaudhury, 2020).

For education variables, we use two different dummies that are incorporated into the
specification and omit primary education. The dummy variable is equal to 1 if the individual has
completed secondary education, and O otherwise. The dummy variable is equal to 1 if the
individual has completed tertiary education or more, 0 otherwise. We used the International
Standard Classification of Education (ISCED 2011) for the classification in the education levels.

Finally, the individual's age (AGE) is included as an explanatory variable because it is
assumed to have an effect accessing to financial inclusion. The age is measured parametrically
using ‘age in the number of years’. Moreover, the 'Agesquare' variable is included in the model
as a control variable to determine whether it has a linear effect on DFI. Four probit regression
equations are developed in order to study patterns of financial inclusion in Tirkiye based on
these individual-level data and analyzed using the Stata 17 software. The description of these
variables and summary statistics are given in Table 1 and Table 2, respectively.

Table 1. Description of the Variables Used in The Estimation

Variable Definition

Main Indicator of DFI

The dummy variable equals one if the individual has an account in a
financial institution, zero for otherwise

The dummy variable equals one if the individual has a mobile money
account, zero for otherwise

The dummy variable equals one if the individual saved using an account at
a financial institution, zero for otherwise

The dummy variable equals one if the individual borrowed in the past
year, zero for otherwise

Account ownership

Ownership of mobile
money account

Saving

Borrowing

Individual Characteristics

The dummy variable equals one if the individual is a female, zero for

Female .
otherwise
Age Age of the individual
Age squared Square of the age of the individual

Income quintile 1 -poorest
20%

Income quintile 2 — second
20%

Income quintile 3 — third
20%

Income quintile 4 — fourth
20%

Secondary education

Tertiary education

The dummy variable equals one if income is in the first quintile, zero for
otherwise

The dummy variable equals one if income is in the second quintile, zero
for otherwise

The dummy variable equals one if income is in the third quintile, zero for
otherwise

The dummy variable equals one if income is in the fourth quintile, zero for
otherwise

The dummy variable equals one if the individual has completed secondary
education, zero for otherwise

The dummy variable equals one if the individual has completed tertiary
education or more, zero for otherwise

Eurostat (2024), World Bank (2024).
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Table 2. Descriptive Statistics of the Variables Used in the Estimation

Variable Observations Mean Std. dev.
Account ownership 1000 0.798 0.4016
Ownership of mobile money account 1000 0.228 0.4197
Saving 1000 0.264 0.4410
Borrowing 1000 0.684 0.4651
Income quintile 1 — poorest 20% 1000 0.156 0.3630
Income quintile 2 — second 20% 1000 0.166 0.3722
Income quintile 3 — third 20% 1000 0.185 0.3884
Income quintile 4 — fourth 20% 1000 0.212 0.4089
Female 1000 0.448 0.4975
Age 1000 37.862 14.8167
Age square 1000 1652.848 1294.05
Secondary education 1000 0.487 0.5000
Tertiary education 1000 0.294 0.4558

Source: World Bank Global Findex Database.

4. Findings

The probit regression estimation for the influence of individual characteristics on DFI is
presented in Table 3. The columns in the table represent the dependent variables as separate
models (Model I, 11, 111, 1V), and the rows represent the independent variables consisting of
individual characteristics.

Table 3. Determinants of Financial Inclusion in Tiirkiye

Model | Model 11 Model 111 Model 1V
Account Ownership of
X Mobile Money Saving Borrowing
Ownership
Account

Female -0.1445™" -0.0744™ -0.0630™ -0.1353™

(0.0253) (0.0261) (0.0280) (0.0304)
Age -0.0053 -0.0018 -0.0225™" 0.0214™

(0.0045) (0.0051) (0.0049) (0.0054)
Age square 0.0001 -0.0000 0.0002™" -0.0002™"

(0.0001) (0.0001) (0.0001) (0.0001)
Income quintile 1 — -0.2843™ -0.1215™ -0.2263™ 0.0532
poorest 20% (0.0580) (0.0329) (0.0256) (0.0466)
Income quintile 2 — -0.2076™" -0.0985™" -0.1994™ 0.0199
second 20% (0.0554) (0.0342) (0.0280) (0.0472)
Income quintile 3 — third -0.1472" -0.0451 -0.1433™ 0.0380
20% (0.0517) (0.0355) (0.0308) (0.0446)
Income quintile 4 — -0.1189™ -0.0135 -0.0928™" -0.0510
fourth 20% (0.0486) (0.0350) (0.0322) (0.0450)
Secondary education 0.1281™" 0.1287" 0.0951™ 0.1685™"

(0.0313) (0.0423) (0.0443) (0.0405)
Tertiary education 0.1811™" 0.1510™" 0.1098™ 0.2532™"

(0.0258) (0.0511) (0.051) (0.0363)
Observations 1000 1000 1000 1000
Pseudo R2 0.1553 0.0667 0.1097 0.0658
Log likelihood -424.9991 -501.0635 -513.9057 -582.7790

Note: The estimated coefficients are the marginal effects and numbers in parentheses indicate the
standard error. ***, ** * denote the statistical significance at 1%, 5% and 10% levels, respectively.
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Considering the results, all the financial inclusion indicators indicate a significant
relationship with the gender of an individual. Being female is found to be negatively significant
for all of the financial inclusion indicators, implying the existence of a gender gap in the access
and usage of financial services. While this result aligns with previous studies by Dar and
Ahmed (2020), Ozsuca (2019), and Zins and Weill (2016), it differs from the findings of
Rahimyar and Curuk (2021), who state that there is no statistically significant difference
between women and men in terms of account ownership. Additionally, our findings that women
are much less likely than men to have an account in Tirkiye are consistent with the results
found by Fungacova and Weill (2015) in China. Women's accounts ownership, savings, and
borrowing rates in an official financial institution are lower than men's in Tiirkiye. Particularly,
women in Tirkiye are roughly 13% less likely than men to have formal borrowing, while they
are 14% less likely than men to have an account at a financial institution. Among the reasons are
lower rates of women's labor force participation, insufficient financial means, and generally
being economically dependent on their families or spouses. In addition to these reasons,
religious reasons, not needing any financial services, having an account from a family member,
and expensive financial services can also be cited. Our findings regarding gender shows that
gender has a significant impact on financial inclusion. It also confirms the fact that women tend
to be more financially excluded than men due to barriers to entry into the formal financial
system.

Considering the relationship between the age of the individuals and the DFI, it is seen that
the age of an individual has a significant effect on 'Saving' and 'Borrowing'. People who have
reached a certain age have a higher probability of borrowing in Tirkiye than younger
individuals. This means that the probability of saving is lower. However, the coefficient
estimates for the 'Agesquare’ variable are significant with positive and negative signs for the
'Saving' and 'Borrowing' variables, respectively. This result indicates that an individual's age has
a significant effect on the probability of saving and borrowing but this relationship is not linear.

Regarding the level of income, the coefficient estimates for the four income quintiles are
found to be negative and statistically significant. However, all income quintiles become
statistically insignificant for the specification employing borrowing (Model 1V) as the
dependent variable. In the account ownership (Model I) and saving (Model I11) with larger
negative coefficients for lower income quintiles, the poorest 20 percent, second 20 percent, and
third 20 percent, are found a significantly lower probability of being financially included.

The results obtained from Models | to IV show that coefficient estimates for education
are positively significant for all financial inclusion variables. The dummy variable for tertiary
education that has the highest coefficient value is a major significant determinant for all
financial inclusion measures. It was observed that the value of coefficients increases with higher
education level. In other words, individuals being tertiary education are considerably less likely
to be financially excluded than individuals with secondary education. This result is similar to
the studies investigated by Dar and Ahmed (2020), Nandru et.al. (2021), and Ozsuca (2019).
They also stated in their studies that the level of higher education significantly affects higher
financial inclusion.

Moreover, in this study, those with a tertiary degree or higher, in example, are roughly
18% more likely to have a formal account and 11% more likely to have saved using formal
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methods. On the other hand, having a bank account and formal savings are 14 and 6 % less
likely, respectively, if you're a woman.

Considering the relationship between the secondary and tertiary education levels of the
individuals and the DFI, it is seen that both of education level also has a significant effect on the
ownership of mobile money accounts. The individual has tertiary education or higher are
approximately 18% more likely to have a formal account, 15% ownership of a mobile money
account, 11% saving, and 25% borrowing. On the other hand, the individual who has secondary
education is approximately 13% more likely to have a formal account, 13% ownership of
mobile money account, 9% saving, and 17% borrowing. When comparing both education
levels, especially in terms of borrowing, the individual who has a tertiary education level is
more likely to have borrowing. Meanwhile considering the age, as individuals age, financial
difficulties appear to be less of an issue, but new concerns for older adults include cost, trust,
distance, and religion.

Based on the findings above, the regression analysis on overall samples emerges that
gender, education, and income level are significantly related to financial inclusion. In terms of
all the measures of financial inclusion aspects, females are significantly more financially
excluded than males. In conclusion, individual characteristics seem to have a greater impact on
account ownership and saving in particular, yet education is revealed as the most powerful
predictor when the marginal effects are considered.

5. Conclusion

The main goal of this study is to identify the determinants of DFI in Tiirkiye and
determine how individual characteristics (gender, age, income, and education level) are related
to account ownership, ownership of mobile money accounts, saving, and borrowing. In this
context, we measured DFI by examining the accessibility and usage of DFI in relation to
selected demographic characteristics such as gender, age, income, and education. Variables in
the study were broadly grouped into two categories demographic variables and variables related
to DFI, and the data was collected from the Global Findex database to specify the determinants
of DFI from Tiirkiye's perspective. Considering the binary nature of the dependent variable, the
probit model was used to make inferences in the study. The findings of the study showed that
individual characteristics such as gender, education, and income have a significant impact on
DFI.

Education, more specifically tertiary education, was revealed as the most important
determinant for all financial inclusion indicators. Regarding the level of income, for lower-
income quintiles, in particular, the poorest 20 percent and the second 20 percent are found a
significantly lower probability of being financially included.

Another important finding is that the probability of being financially included is lower for
women. Women's accounts ownership, savings, and borrowing rates in an official financial
institution are lower than men's in Tirkiye. Among the reasons are lower rates of women's labor
force participation, insufficient financial means, and generally being economically dependent on
their families or spouses. In addition, considering the traditional role of Turkish women, it can
be said that they have informal savings, which are called "under the pillow", especially in terms
of savings. In addition to these reasons, religious reasons, not needing any financial services,
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having an account from a family member, and expensive financial services can also be cited.
Based on our gender-related findings, steps to be taken to remove the barriers to women's entry
into the official financial system for various reasons in Tiirkiye will increase financial inclusion.
These steps may include increasing women's employment, making policies to encourage
women's participation in the financial system, increasing the level of formal education, and
providing various pieces of training to increase financial literacy.

Tiirkiye has a significant potential to increase financial inclusion. Factors such as the high
number of young people in Tiirkiye, the high rate of adaptation of these young people to new
technologies, and the widespread use of mobile technologies and social media are influential in
increasing this potential. Moreover, the increase in online shopping, mobile banking
transactions and mobile payment platforms, and digital banking, especially with the COVID-19
pandemic, can be counted among the factors that increase the potential for high financial
inclusion in Tiirkiye. The increase in Internet access from 42% to 88% between 2010 and 2019
in Tirkiye, and significant increases in the use of services such as e-commerce, e-government,
and Internet banking can also increase this potential.

The study's findings may contribute to the development of better policies to improve
financial sector outreach by showing how different individual traits affect financial inclusion. In
addition, developing policies to increase income and education levels and removing barriers
related to income and education could help expand formal financial services, participation in
these services, and use of these services. In this context, it is important to first increase formal
education at all levels of education by reorganizing it according to the requirements of the
digital age and to develop policies to ensure that girls are more included in the education and
training system. Furthermore, importance should be given to campaigns to increase awareness
of access to financial products and financial resources, to increase women's employment
potential, and to develop policies to ensure the participation of women and the young population
in the financial system.

In addition to this, whereas there may be various barriers to financial inclusion in some
societies or countries, exclusion from financial inclusion may be voluntary or involuntary, as
stated by Allen et al. (2016). Therefore, it is important to explain the difference between this
voluntary and involuntary exclusion. For instance, in some societies, people may voluntarily
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excluded from financial inclusion due to “not having enough income,” “religious reasons,” or
“having a family member own an account.” Involuntary exclusion can be expressed as a market
failure. For example, distance to financial institutions, high financial transaction costs, excessive
document requirements, and lack of trust can be expressed as involuntary exclusion. This
distinction between exclusion from financial inclusion due to voluntary and involuntary barriers
will also help in creating policy recommendations and will help develop policies that are
appropriate to the structure of society. In addition, there may be cultural reasons behind the
exclusion of women, in particular from financial inclusion in some societies. In such a case, the
long distance of the bank, high costs, excessive document requirements, lack of trust, and
religious reasons appear as less important obstacles for women. In this case, it can be concluded
that the exclusion of women from financial inclusion is voluntary. Thus, as Aterido et al. (2013)
have stated, in such a case, the gender gap in finance is not due to the finance sector itself but to
the inclusion of women in the economy. Demirgiic-Kunt et al. (2013) also asserted that the
gender gap in formal financial services access is caused by social and legal norms; additionally,
Aterido et al. (2013) discoursed that female participation in the economy through formal
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employment and education highlights the role of country characteristics influencing financial
exclusion.

Lastly, the policymakers can develop efficient strategies that promote campaigns related
to digital literacy or "d-literacy". This can be accomplished by raising awareness through the
financial institutions' or service providers' embrace of digital payments. Both users and service
providers will benefit from increased capacity building as a result of this program. Moreover,
the providers of service must improve the users' ability to access their credit, debit, and mobile
money accounts as well as their ability to use these accounts to pay for and receive services
through card-based and mobile-based financial transactions. This can be enhanced with efficient
support systems, sufficient technology infrastructure, and reasonable user fees.

Although there are many studies in the literature on financial inclusion and its potential
benefits, due to the limited number of studies that reveal the main determinants of DFI for
Tiirkiye, this study will contribute to the limited number of empirical literature and be an
expansionist. For this reason, it is crucial to identify the determinants of financial inclusion in
Tiirkiye and to expand financial services to include the whole society. The study findings will
also guide developing and promoting financial inclusion in developing countries.
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Abstract

This paper reopens the discussion on the main dynamics behind the sovereign
debt crisis focusing on global monetary policy. A panel logit model was
applied using data from twenty countries between 1975 and 2022. According
to the model, an increase in the U.S. interest rate is one of the significant
factors fueling the likelihood of debt distress in developing countries. With
this finding, we emphasize the dependency of developing countries on external
factors through the interest rate and the importance of external dynamics.
Additionally, an increase in short-term debt to total reserves and the ratio of
international reserves to imports strengthens the likelihood of debt distress.
Another important factor is the possibility that countries may fall into debt
distress due to high inflation and low growth. Although these two variables are
considered internal dynamics of countries, there is a strong direct relationship
between the performance of production and expenditure in periphery countries
and foreign capital. In this context, various recommendations are presented in
the conclusion section for reconsidering debt crises and implementing
appropriate policies.

Oz
Bu c¢alisma, gelismekte olan iilkelerin bor¢ krizinin arkasindaki ana
dinamikleri kiiresel para politikasi agisindan yeniden tartismaya agmaktadir.
1975 ile 2022 yillari arasinda 20 iilkeden elde edilen veriler kullanilarak bir
panel logit modeli tahmin edilmistir. Modele gore, ABD’deki faiz
oranlarindaki bir artig, gelismekte olan iilkelerde borg sikintisinin olasiligini
artiran onemli faktorlerden biridir. Bu bulgu ile, gelismekte olan iilkelerin faiz
oranlar araciligiyla digsal faktorlere olan bagimliligini ve digsal dinamiklerin
onemi vurgulanmaktadir. Ayrica, kisa vadeli borglarin toplam rezervlere
oranindaki artis ve uluslararasi rezervlerin ithalata orani, bor¢ sikintisi
olasiligmi giiclendirmektedir. Bir diger onemli faktor ise iilkelerin yiiksek
enflasyon ve diisiik biiylime nedeniyle bor¢ sikintisina diisme olasiligidir. Bu
iki degisken, iilkelerin i¢sel dinamikleri olarak degerlendirilse de gelismekte
olan {ilkelerdeki iiretim ve harcama performansi ile yabanci sermaye arasinda
giiclii bir dogrudan iliskiyi goézler Oniine sermektedir. Bu baglamda, borg
krizlerini yeniden degerlendirmek ve uygun politikalar: uygulamak i¢in sonug
boliimiinde gesitli 6neriler sunulmaktadir.
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1. Introduction

As external debt figures rapidly escalate worldwide, the future of developing countries,
with their fragile structures, has been re-examined, particularly during the pandemic. Prior to
this, the world was facing a global inflation threat, prompting a shift towards monetary
tightening. However, with the onset of the pandemic, the need to increase money supply became
almost a necessity. This situation appeared to be a remedy for developing countries that had
become increasingly dependent on international liquidity. Nevertheless, in recent years, these
high-debt countries have faced economic turbulence due to renewed tightening measures. The
extent to which they can sustain this situation has become a significant puzzle.

On the other hand, previous studies on external debt crises have generally focused on the
question of "why do countries repay their debts?" and have been significantly lacking in
comprehensively examining the underlying dynamics of crises (Eaton and Gersovitz, 1981;
Sachs and Cohen, 1982; Bulow and Rogoff, 1989; Cole and Kehoe, 2000). These studies focus
on the internal dynamics of debtor countries, examining the motivations for repayments to avoid
losing access to international liquidity. This perspective is highly inadequate to explain the
series of global debt crises that have occurred since the 1980s. For instance, there is a clear need
for more comprehensive studies to better understand the broader picture of the 1997-98 Asian
financial crisis, the 2010-11 European debt crisis, and recent debt distress involving Lebanon
and other countries.

This paper challenges the prevailing understanding by arguing that the fundamental
causes of debt crises are primarily related to asymmetric power relations between core and
peripheral countries. If the primary issue is to understand the debtor-creditor relationship, it is
crucial to thoroughly understand the dynamics of countries that accumulate capital and export it
globally versus those that, despite their internal dynamics, are unable to generate capital and
remain perpetually dependent on it. In this context, the paper aims to elucidate how all
processes related to borrowing are connected to the dominance of capitalist countries at the
core.

The paper posits that the asymmetric power structure in the creditor-debtor relationship is
both exacerbated and highly influential in the external borrowing processes (including high
levels of borrowing, crises, and restructuring) by the monetary policies implemented by
developed countries. Specifically, when interest rates in core countries start to decline, there is
an increased tendency for capital to flow towards peripheral countries. Conversely, when
interest rates rise, capital flows back to the core, leading to debt distress in peripheral countries.
The extent of damage caused during the return process to peripheral countries also reflects this
trend.

To test this hypothesis econometrically, the paper analyzes annual data from 20 highly
indebted countries for the period 1975-2022. It employs a panel logit model to examine not only
the impact of monetary policy but also the influence of other external and internal dynamics.
Also, the period from 1975 to 2022 represents a phase of heightened international capital flows.
Moreover, it coincides with a time when the International Monetary Fund (IMF) actively
intervened in the fiscal autonomy of countries experiencing debt crises. Given this context,
identifying the underlying dynamics of sovereign debt crises during this period could help
eliminate the potential for external intervention and facilitate more effective domestic policy
maneuvers. This study seeks to address this gap in the literature by examining these dynamics.
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In line with this perspective, the paper is organized into five sections. Section 1 outlines
the rationale for the study, its objectives, and its contribution to the literature. Section 2 reviews
both theoretical and empirical literature on external borrowing, with a particular focus on
studies related to early warning systems for countries, discussing their findings and criticizing
their shortcomings. Section 3 covers the empirical analysis. Details of the model, variables, and
findings are explained in this section. Section 4 discusses the results of the model. Finally,
Section 5 explores the impact of international monetary policy and other identified dynamics on
the debt crises of developing countries within the framework of economic policy and presents
various policy recommendations for discussion.

2. Literature Review

In literature, many studies addressing external borrowing and debt repayment difficulties
in peripheral countries are largely unrelated and often limited in scope. A significant portion of
these studies focuses on short time periods, specific geographic areas, or countries. Clearly,
these works remain constrained to the temporal and spatial events when external borrowing
became a significant and problematic issue in international relations.

To understand debt crises, it is crucial to outline a roadmap. Firstly, it is important to
comprehend the structure and dynamics of the asymmetric power relationship between core and
peripheral countries. Therefore, Imperialism Theories, which interpret the global economy
through the lens of capital accumulation, and Dependency Theories, which explain debt
relationships between core and peripheral countries, largely fill this gap.

According to Marx (2011), capitalism is fundamentally a system characterized by global
operations and a tendency towards monopolization. Marx posits that the diminishing profit rates
in capitalist production are merely a tendency, and capitalists will inevitably turn to foreign
trade to increase their profits. Hobson, a pioneer of Imperialism Theory, argues that capital
export is a result of the distribution of domestic purchasing power, highlighting a flaw in
capitalism's development (Hobson, 1961). Hilferding (1981) views capital export as an
inevitable outcome of monopoly financial capitalism and identifies banks as a key factor in
capitalism. Additionally, thinkers such as Bukharin (1987) and Amin (1991) emphasize the
dependency relationship established through capital between core and peripheral countries,
giving particular importance to the role of borrowing.

Frank (1984) viewing external borrowing as a significant tool in the dependency
relationship between core and peripheral countries, has argued that the growth of indebtedness
in peripheral countries is crucial for core nations. During periods of economic crises in core
countries, authorities tend to resort to printing money and attempting to overcome the crisis by
extending more credit. This strategy is successful in sustaining growth for a short period.
However, over time, the accumulation of debt leads to a collapse in the financial system,
affecting both core and peripheral countries.

Suter (1992) proposes approaches to dependency theory by advancing the argument that
the indebtedness of peripheral countries may be related to the long-term economic cycles in core
countries. In his analysis, he first defined peripheral indebtedness as a separate wave and
examined its structure. He then attempted to illustrate the dependency relationship between core
and peripheral countries through the dynamics of these waves, shedding light on the economic
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and political determinants behind borrowing. Suter identified the hegemonic power in core
countries and global economic growth as the primary dynamics shaping the movement of these
waves.

Imperialism theories and dependency approaches make an important observation by
analyzing the asymmetric power relationships in the creditor-debtor relationship and how
borrowing will lead peripheral countries to become even more economically and politically
dependent on core countries. In recent years, with the dominance of empirical analyses in
economic literature, this study seeks to identify the dynamics behind the debt crises by utilizing
both these theories and the perspective offered by econometric studies.

Over the past 30 years, empirical studies on debt crises have virtually dominated the field.
Before examining the empirical method to be used in this study, it is important to review the
works in this area. As empirical analyses have advanced, researchers have investigated the
existence of early warning systems for predicting debt crises and the variables involved in their
interactions. Consequently, a range of studies incorporating macroeconomic, political, and even
institutional variables have emerged in the literature.

This paper empirically investigates how heavily indebted peripheral countries are
dependent on external factors from this perspective. Before diving into the analysis, it will be
beneficial to examine the methods and variables used in empirical analyses of debt crises. As
empirical analyses have developed, researchers have investigated the existence of early warning
systems for predicting debt crises and the variables involved in their interactions. Consequently,
a range of studies have emerged that incorporate macroeconomic, political, and even
institutional variables into the literature.

There is no single experimental definition of default and debt crisis metrics in empirical
studies. Some studies have maintained lists of default and restructuring periods based on case
examples or anecdotal records (Suter, 1992; Beers and Bhatia, 1999; Reinhart and Rogoff,
2009). Reinhart et al. (2003) have associated debt crises with specific thresholds based on the
ratio of external debt to GDP. In another study, Detragiache and Spilimbergo (2001) indicated
that a country is in debt distress if its external obligations to commercial creditors exceed 5% of
its commercial debt or if a restructuring agreement with creditors has been made. Manasse et al.
(2003) analyzed situations where countries might experience debt crises when the ratio of total
external debt to GDP exceeds 50%. Another data set on defaults is provided by Standard &
Poor’s (2002), which has also been frequently utilized by researchers.

Other variables include whether a state is unable to resolve its debt payments, and these
are related to GDP, exports, or government revenues, which represent debt repayment
capability. Low inflation is also included in models as it significantly affects policy credibility
and country risk. Additionally, liquidity metrics such as the ratio of short-term debt or money
supply to reserves are frequently used in models. Institutional and political factors have also
been added to models to test policy credibility and whether the government is willing to pursue
consistent policies through sustainable debt (Manasse et al., 2003: 6).

Using these variables, the determinants of debt crises have been analyzed through
probit/logit regressions or signal models. Most studies have focused on the major debt crises of
the 1980s and 1990s. In this context, the first empirical study introduced to the literature was by
Eaton and Gersovitz (1981), who examined 45 developing countries. Their study addresses a
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situation where the government conducts public investments through external borrowing. The
authors assume that a country's willingness to borrow is a determinant of debt. Using a logit
model, the authors found that this borrowing demand is positively related to income instability,
export/GDP, and income level.

Two other significant studies in this field are by McFadden et al. (1985) and Hajivassiliou
(1987). They argue that the connection between debt repayment performance and
macroeconomic dynamics may vary between countries and over time. For countries with fewer
capital controls or more open to global trade, external economic signals may be more decisive in
terms of debt crisis. Additionally, various institutions (government and religious institutions)
may explain the reasons for a country’s default.

In contrast to approaches that focus on inter-country heterogeneity, Reinhart (2002) found
that in 84% of cases, a currency crisis precedes a debt crisis. Therefore, he emphasizes that
variables suitable for predicting currency crises also have explanatory power for default models.
Another critical study by Detragiache and Spilimbergo (2001) found that including short-term
debt, debt service, and reserves separately in the model rendered it meaningless. Hence, they do
not find it appropriate to use variables such as the ratio of short-term debt to reserves.

Although most studies use macroeconomic variables, Catdo and Sutton (2002) address
volatility measures in their models. Using panel analysis methods with data from 25 countries
for the period 1970-2001, they highlight that adding measures of commercial volatility, fiscal
policy, monetary policy, and exchange rate policy volatility to a model with variables such as
U.S. interest rates, real effective exchange rates, fiscal balance, real GDP growth, and debt
service to export ratio increases the likelihood of default.

Another relationship explored is the impact of countries' credit ratings on currency crises
and defaults. Studies on this topic analyze the determinants of credit ratings (Larrain et al.,
1997; Rojas-Suarez, 2001; Reinhart, 2002). Some research tests whether credit ratings are
significantly related to a range of economic factors. In this regard, it has been found that
external debt metrics and default history, along with other macroeconomic and political
variables, are related to debt crises (Haque et al., 1998).

Manasse et al. (2003), use Standard & Poor's default dataset to analyze the likelihood of
debt crises in less developed countries using a panel logit regression model. This study, which
uses a substantial number of variables, highlights that a ratio of external debt to GDP exceeding
50% and high inflation levels are significant determinants of default. Conversely, it is suggested
that the ratio of short-term debt to reserves and maintaining low external debt burdens are
necessary to reduce the likelihood of default. Additionally, external shocks, such as U.S. interest
rates, are emphasized as significant dynamics of default (Manasse et al., 2003: 30).

Another study analyzing the determinants of debt distress, in addition to default, is by
Kraay and Nehru (2006). Using a probit model, the authors highlight three variables: debt
burden, the quality of institutions and policies, and shocks, which are considered the strongest
determinants of debt distress. The results are largely consistent with those in Manasse et al.
(2003), which used similar variables.

Fuertes and Kalotychou (2006) analyze 96 developing countries from 1983 to 2002 using
a logit model. The authors found that the determinants of default include trade, external debt,
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the ratio of private sector credit to GDP, the ratio of IMF credits to exports, and the ratio of
official credits to total debt (Fuertes and Kalotychou, 2006: 1434).

Suter (1992), representing the dependency approach, analyzed the determinants of default
and restructuring over two periods, 1931-33 and 1978-85. Using a logit regression model, the
author noted that the capacity to service debt is a strong variable. The significance of exports
and growth rates was also emphasized (Suter, 1992: 78).

However, these studies have focused more on identifying early warning signals to prevent
countries from sliding into a debt crisis, rather than providing a comprehensive picture of the
crisis itself. While these identifications are indeed crucial and can help uncover the root causes
of the problem with the right perspective, this study aims to address the gap in the literature
from this standpoint.

3. Data and Methodology
3.1. Data

The number of countries used in this paper, as dictated by availability of data, is 20.
Latin America has always been one of the most favored destinations for foreign investment. For
this reason, we include Bolivia, Brazil, the Dominican Republic, Ecuador, El Salvador,
Guatemala, Honduras, Colombia, Costa Rica, Mexico, Peru, and Paraguay. In addition, the
analysis includes Indonesia, the Philippines, India, and Thailand from East and Southeast Asia;
Tiirkiye from Europe; and Morocco, Egypt, and Nigeria from Africa—countries that are favored
by investors. The annual time series spans 1975-2022; therefore, the dataset includes periods
when capital transfers are intense. Data for the countries were obtained from the World Bank
dataset.

To prevent potential issues in the analysis, special attention was given to ensuring the
completeness of the datasets for the countries. Consequently, certain countries were excluded
from the analysis and the period from 1975 to 2022, characterized by the highest capital
mobility, was used in the analysis. Two key considerations were taken into account when
selecting the countries included in the analysis. First, countries characterized by the highest
inflows of foreign capital and those frequently affected by debt crises were included in the
analysis. Second, particular attention was paid to ensuring that the data used were as complete
as possible. For this reason, some countries were excluded from the analysis. Furthermore,
when it comes to debt, some countries may present macroeconomic statistics in a biased manner
in order to secure more borrowing (e.g., Argentina). Therefore, countries with the most reliable
data were selected for the analysis.

It is important to use a balanced panel model for the correct interpretation of the model
results. However, the absence of data for certain years is a common issue in economic studies,
and unbalanced panels are typically employed. In this study, data for some years are missing for
two variables (see Table 1). An ordinary fixed effects model has been applied in this case.

Table 1 shows the descriptive statistics of variables. Our dependent variable is external
debt distress. This variable was designed based on the study of Manasse et al. (2003). The debt
distress variable was obtained by assigning 1 to cases where the ratio of total external debt
(public + private) to GDP was greater than or equal to 50 percent, and O to other years.
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Table 1. Descriptive Statistics

Variables Obs. Mean S.D. Min. Max.
External debt distress (edgdp) 960 0.32 0.47 0 1

Total reserves in months of imports (rsrvimp) 932 4.92 3.00 0.23 19.21
Fed funds rate (fedfnd) 960 4.68 3.90 0.08 16.38
GDP growth (gdpgrwth) 960 3.81 3.84 -13.13 15.33
Exports of goods and services/GDP (expgdp) 960 25.42 12.23 3.22 71.42
Foreign direct investment/GDP (fdigdp) 958 1.87 1.85 -5.09 12.2
High inflation (hghinf) 960 0.09 0.28 0 1

Short-term debt /Total reserves (shrtrsrv) 960 15.53 9.59 0 68.69

Our independent variables have been determined within the framework of both literature
and historical analysis. The first of these is the interest rates in core countries. Given that our
analysis covers the period from 1975 to 2022, it has been deemed more appropriate to use the
real interest rate of the United States, the most influential country in shaping global capital
flows. The Federal funds rate (fedfnd) has concentrated around an average of 4.68%, with
values ranging from 0.08% to 16.38%. This distribution suggests a tendency for rates to cluster
near the mean.

The second variable is the annual growth rate of GDP. This variable serves as a
significant indicator of a country's creditworthiness. It reflects that countries can not only
borrow more but also face fewer serious issues in repaying their debts. To investigate whether
this variable is a crucial determinant on the path to a debt crisis, it was decided to include it in
the model.

The average GDP growth rate across the sample period is 3.81%, indicating moderate
overall economic expansion. However, the relatively high standard deviation of 3.84% suggests
considerable variability in growth across the observations. The range from -13.13% to 15.33%
further underscores this variability, with some countries or periods experiencing negative
growth (contractions), while others saw significant economic expansions. The negative
minimum value highlights the presence of severe economic downturns or crises during the
period under review, while the positive maximum indicates periods of robust growth.

Another variable is the share of short-term debt within total reserves. Over the past 25
years, short-term debt has been a major factor behind the debt crises in peripheral countries.
Creditors prefer to lend short-term to peripheral countries that they perceive as risky. This
situation has periodically led to crises in these peripheral countries, which have become
increasingly dependent on capital from core economies. When interest rates in the core rise, in
addition to a reduction in foreign capital, short-term debt has led to significant liquidity crises in
peripheral countries. Consequently, countries facing funding shortages have experienced
inevitable debt crises. Therefore, this variable, which plays a crucial role in explaining debt
crises, has been included in the model. The average ratio of short-term debt to total reserves is
15.53%, suggesting that, on average, countries maintain a relatively low level of short-term debt
relative to their total reserves. The standard deviation of 9.59% indicates a notable degree of
variability in this ratio across the sample, with some countries showing significantly higher
levels of short-term debt compared to their reserves. The range from 0% to 68.69% further
emphasizes this variability, showing that some countries have minimal or no short-term debt
relative to reserves, while others exhibit a higher dependence on short-term borrowing.
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The average ratio of exports of goods and services to GDP is 25.42%, indicating that, on
average, a significant portion of economic activity is driven by external trade. However, the
relatively high standard deviation of 12.23% suggests considerable variability in the degree of
export dependence across the sample, with some countries being more reliant on international
trade than others. The range from 3.22% to 71.42% further highlights this variation, indicating
that some countries have very low export-to-GDP ratios, while others have a disproportionately
high share of their GDP coming from exports.

Another variable that has gained importance in recent years is high inflation. This
variable is designed as a dummy variable. It is coded as 1 for years in which inflation rates
exceed 50% and O for other years. The ratio of foreign direct investment to GDP and the share
of international reserves in imports are additional independent variables. It is believed that
decreases in these two variables could significantly impact the likelihood of falling into a debt
crisis or experiencing financial distress. Also, the standard error values are quite low, there is
little variation between the countries.

3.2. Panel Logit Model

In this paper, the impact of macroeconomic variables on the likelihood of countries
experiencing debt distress will be analyzed using a panel logit model. In binary models, namely
logit, probit, and log-log regression models, the Akaike Information Criterion (AIC) and
Bayesian Information Criterion (BIC) were used to determine which model is the most
appropriate. Based on these criteria, the logit model was selected as the best-fitting model. A
panel logit model deals with data observed over time and across different units and is used when
the dependent variable is binary (0 or 1). This model is a type of panel data analysis, which
includes data observed from a set of individuals, countries, etc., over a certain period. The panel
logit model aims to provide more accurate predictions by accounting for heterogeneity among
units and changes over time.

The dependent variable is formulated as a binary choice model. In binary choice models,
the dependent variable takes the value of 1 if an event has occurred for unit i at time t, and O if
it has not. In this case, the expected value of the dependent variable is:

E(Yie)) =1.Py +0.(1 = Py) = P (1
E(Yi): The expected value of the dependent variable (Y) for unit i at time t.

Pi: The probability of event i occurring at time t. It typically represents the probability of
a binary outcome.

The expression is essentially a way of modeling expected outcomes for a binary variable,
where the outcome takes the value 1 with probability P;; and O with probability 1 - Pi. If the
probability of the event occurring for unit i at time t is given, then:

Py = Prob(Y, = 1) = E(Y;I Xi) = F(B'Xit) (2)

B’ is a vector of coefficients and Xi: is a vector of the independent variables (covariates)
for unit i at time t.
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E(Yi | Xi): The conditional expectation of Yj given the values of the independent
variables Xj: for unit i at time t. This represents the expected value of Yi, given the covariates or
predictors Xit.

F(B’Xit): A cumulative distribution function (CDF) applied to the linear predictor B’Xi.
The function F could represent different distributions, such as the logit function (logistic
regression), the probit function (standard normal cumulative distribution), or other suitable
distributions depending on the model.

In our study, the analysis will be conducted using the logit model. The logit model
utilizes the logistic distribution, and its formula is as follows;

L =1 [ P(Y;=1)

"i=hm=p| M=% ©

Pi/1-P; represents the odds ratio. The left side of the equation represents the logarithm of
the odds ratio (Lardaro, 1993: 408). Here, Yi =1 denotes the years of debt distress, while Y;=0
denotes the years without debt distress.

4. Results

To identify the dynamics underlying debt distress, a panel logit model has been applied.
Before applying the model, the stationarity of the variables was tested. The Levin, Lin, and Chu
test has been used. Structural breaks have been disregarded. Ignoring structural breaks indicates
that important events, such as crises or external shocks, have not been incorporated into the
analysis. However, such events could potentially influence the model. This represents one of the
key limitations of the study. The results of the stationarity tests are summarized in Table 2.
Since edgdp and hghinf are dummy variables, their stationarity is not tested. Also, to examine
multicollinearity among the variables, the variance inflation factor (VIF) was applied, and the
result was 1.17. Since this value is less than 5, it indicates that there is no multicollinearity
among the variables. The expgdp variable is the only one that is non-stationary. However, it
becomes stationary after applying the first difference.

Table 2. Levin, Lin, and Chu Unit Root Test Result

t statistics

fedfnd -4.9315%
rsrvimp -2.7923*
gdpgrwth -11.1621*
d.expgdp -15.5004*
fdigdp -4.6060*
shrtrsrv -4.1277*

Note: * denote significance at the p <0.01.

After testing the stationarity of the variables, it is necessary to investigate the presence of
unit effects in the data before applying the panel logit model, as the existence of such effects
complicates predictions. According to the results of the LR test, unit effects were
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detected.! To determine whether these effects are fixed or random, a robust Hausman test was
conducted. The probability value as a result of the applied Hausman test is less than 0.05, it is
necessary to establish the model with fixed effects. The probability value is 0.0025. The results
of this test indicated that the assumption of fixed effects was valid for the model. The estimation
results obtained through this method are presented in Table 3. Table 3 shows that, according to
the results of the Wald test, all variables except for Foreign direct investment/GDP are
significant in explaining the dependent variable. The direction of the coefficients is also as
expected.

Table 3. Panel Logit Regression Result

Dependent Variable: External Debt Distress

Independent Variables Odds ratio Coeff. 2
fedfnd 1.135128 0.126* 4.79
hghinf 2.255446 0.813** 1.98
fdigdp 1.045731 0.044 0.84
rsrvimp 0.807710 -0.213* -4.83
gdpgrwth 0.951845 -0.049** -2.01
shrtrsrv 0.950328 0.050* -4.27
expgdp 1.071013 -0.068* 2.77
Wald 98.67

LR 125.09

Note: *, ** denote significance at the p < 0.01, p<0.05.

Regression results indicate that a one-unit increase in the real interest rate in the United
States raises the odds of reporting into debt distress by 13%. This finding is highly significant as
it highlights the impact of core country interest rates on debtor nations and is one of the
strongest relationships identified in the model.

Another variable explaining debt distress is high inflation. The model indicates that
countries experiencing high inflation are 2.25 times more likely to enter debt distress compared
to those with lower inflation. High inflation can erode the real value of debt repayments and
destabilize economies, making them more vulnerable to financial crises. This result emphasizes
the detrimental impact of inflation on debt sustainability and highlights why peripheral
countries often face severe economic challenges when inflation rates are high. As is well
known, high inflation has been one of the major problems for peripheral countries, especially
since the 1970s. Given that peripheral countries experience high and frequently changing
inflation rates, creditors have preferred short-term debt contracts to mitigate this risk.
Additionally, to hedge against inflation, there has often been a tendency to borrow in foreign
currencies. However, when these two factors combined with the fixed exchange rate system, a
popular practice at the time, peripheral economies were dragged into significant contractions.

L Unit effects can introduce several complications in panel data models, especially when these effects are
not properly accounted for or when their presence leads to certain assumptions being violated. Omitted
variable bias, endogeneity, and multicollinearity are important issues. The inclusion of unit effects makes
it challenging to interpret the effects of the independent variables on the dependent variable because the
model now accounts for the unit-specific characteristics that could influence the outcome. To address
these complications, various techniques such as fixed effects or random effects models are commonly
used to control for unit effects. The choice between these methods depends on the assumption about the
correlation between the unit effects and the explanatory variables.

e
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Therefore, high inflation is a critical factor that exacerbates the financial difficulties of debtor
countries.

Moreover, creditors’ preference for short-term debt contracts due to inflation risk is also a
crucial factor leading to debt crises. A one-unit increase in the ratio of short-term debt to
reserves raises the probability of debt distress by 0.9%. This suggests that a higher proportion of
short-term debt relative to reserves increases the likelihood of financial distress. Short-term debt
is typically more vulnerable to shifts in market conditions and can lead to liquidity problems if
not adequately supported by reserves. This finding reinforces the importance of maintaining a
balanced debt structure to mitigate crisis risk.

Another variable is GDP growth. The results show that a one-unit decrease in GDP
growth increases the likelihood of a debt crisis by 0.95 times. This reflects the role of economic
performance in debt sustainability. Sluggish GDP growth can impair a country's ability to
service its debt and increase the risk of a crisis. Strong economic growth is crucial for
maintaining fiscal health and preventing debt distress. The share of international reserves in
imports also has a similar effect. A one-unit decrease in the ratio of international reserves to
imports increases the likelihood of debt distress by 0.80 times. This indicates that lower reserves
relative to import needs can weaken a country’s ability to manage external shocks and service
its debt. Adequate reserves are essential for buffering against sudden changes in the external
environment and for ensuring debt servicing capacity.

The analysis finds that a one-unit decrease in the ratio of exports to GDP increases the
probability of debt distress by 7%. Export performance is crucial for generating foreign
exchange earnings and maintaining debt serviceability.

In this model, which investigates the dynamics behind falling into debt distress, the
results are consistent with the findings of Manasse et al. (2003) and Kraay and Nehru (2006).
Also, the most significant variable is the interest rates in the United States. This finding
underscores the impact of external dynamics on the debt distress experienced by developing
countries. Additionally, high inflation, along with short-term debt imposed by creditors in debt
contracts, is also a crucial factor contributing to the onset of debt distress.

5. Conclusion

When a country falls into a debt crisis, it typically turns to the IMF, which imposes
austerity policies. This occurs because the country has mismanaged its debt and has been driven
into crisis by its internal dynamics. This study challenges this prevailing view by demonstrating
that developing debtor countries are more vulnerable to external dynamics than to their own
internal dynamics. A panel logit model was applied to twenty debtor countries to investigate
this.

The results of the model, which substantiate the claims, show that debtor countries are
highly sensitive to the interest rates of the dominant country shaping the monetary policy of the
period. Although the data analysis focuses primarily on crisis and turmoil periods, it is plausible
to predict similar sensitivity during periods of intense capital export and debt accumulation.
Therefore, the dependency established through capital in the core-periphery relationship and the
underlying dynamics are critically important and cannot be overlooked. This relationship also
influences other internal dynamics. For instance, during periods of monetary expansion when
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interest rates are kept low in the core, foreign capital flows into peripheral countries, affecting
their production and spending performance. These countries can also be driven into high
inflation trends due to either misguided policies or uncontrolled capital flows during these
periods. High inflation, in turn, impacts the country's credibility and can lead to a lack of
international liquidity for debtor countries.

For these reasons, the debt crises and periods of turmoil faced by developing countries,
both historically and in the present day, necessitate approaching the problem of borrowing from
accurate perspectives. Considering the decisive impact of interest rates in core countries, state
intervention to redirect funds towards production during periods of high external borrowing and
intense capital flows will be an extremely effective strategy. In this context, implementing
incentive policies is essential. It is crucial to remember that there is a limit to increased capital
transfers. Therefore, it is imperative to implement policies that strengthen the production
dynamics of the national economy. Additionally, dependence on external interest rates can
sometimes lead to a decrease in international liquidity. If this dependency can be mitigated
through state-led production mechanisms, debtor countries will be able to take more secure
steps into the future.

During periods of high foreign capital inflows into developing countries, these resources
can be directed towards infrastructure investments that will enhance the countries' future
production capacity. At the same time, during such periods, peripheral countries should
implement structural reforms to develop a skilled workforce capable of supporting a high-value-
added production structure, through comprehensive educational initiatives. Additionally, it is
crucial to regulate capital movements through counter-cyclical policies. Tax policies should be
implemented to prevent an increase in luxury consumption and dependence on imported goods
in production. Furthermore, appropriate incentive policies should be applied to channel foreign
capital inflows into productive investments.

The findings of this paper provide significant and timely contributions to the literature by
uncovering the dynamics behind debt crises. However, in its current form, the study can only
analyze debt crisis processes due to data limitations. Historical studies are needed for
comparative analysis in this context. Future research could enrich the field by incorporating
additional variables into the model and examining debt processes in a more comprehensive
manner. Indeed, there are still many unanswered questions in this literature.
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Abstract
Economic development and income distribution are central issues in economics, with their
relationship being critical for sustainable development. Imbalances in income distribution can
slow economic growth and reduce societal welfare. Thus, development policies should prioritize
not just growth but also equitable income distribution. A balanced income distribution enhances
social acceptance and ensures the sustainability of development. This study examines the
relationship between economic development and income distribution in MIST countries (Mexico,

Distribution, Indonesia, South Korea, and Turkey) from 1990 to 2022, as classified by economist Jim O’Neill.
Panel ARDL  Using a panel ARDL model, the findings show that economic development reduces income
Model. inequality. However, industrialization, a marker of technological progress, tends to increase
inequality. These insights have significant policy implications. To mitigate income inequality,
JEL Codes: MIST countries should emphasize the three pillars of economic development: education, health,
010, 015, and growth. Policymakers must reassess industrialization strategies, promoting renewable energy
C35. while addressing inequality. Subsidies to non-renewable sectors and improved vocational training
for unskilled labor can reduce the dual economic structure created by technological
advancements. By implementing vocational programs and orientation initiatives, governments
can limit the adverse effects of industrialization on unskilled workers, ensuring more equitable
growth.
Oz
Ekonomik kalkinma ve gelir dagilimi, ekonomide merkezi konulardir ve aralarindaki iliski
stirdiriilebilir kalkinma i¢in kritik 6neme sahiptir. Gelir dagilimindaki dengesizlikler ekonomik
Anahtar biiylimeyi yavaglatabilir ve toplumsal refahi azaltabilir. Bu nedenle, kalkinma politikalar: sadece
Kelimeler: biiytimeye degil aynt zamanda adil gelir dagilimina da oncelik vermelidir. Dengeli bir gelir
Ekonomik dagilimi toplumsal kabulii artirir ve kalkinmanin siirdiiriilebilirligini saglar. Bu ¢alisma,
Kalkinma, ekonomist Jim O'Neill tarafindan siiflandirilan MIST {ilkelerinde (Meksika, Endonezya, Giiney
Gelir Kore ve Tiirkiye) 1990-2022 yillar1 arasinda ekonomik kalkinma ve gelir dagilimi arasindaki
Dagilimu, iligkiyi incelemektedir. Panel ARDL modeli kullanilarak elde edilen bulgular, ekonomik
Panel ARDL  kalkinmanin gelir esitsizligini azalttigim gostermektedir. Bununla birlikte, teknolojik ilerlemenin
Model. bir gostergesi olan sanayilesme, esitsizligi artirma egilimindedir. Bu goriisler dnemli politika
¢ikarimlarina sahiptir. Gelir esitsizligini azaltmak i¢in MIST {ilkeleri ekonomik kalkinmanin {i¢
JEL Kodlar::  ayagina vurgu yapmalidir: egitim, saglik ve bilyiime. Politika yapicilar sanayilesme stratejilerini
010, 015, yeniden degerlendirmeli, esitsizligi ele alirken yenilenebilir enerjiyi tesvik etmelidir.
C35. Yenilenemeyen sektorlere yonelik siibvansiyonlar ve vasifsiz isgiiciine yonelik mesleki egitimin
iyilestirilmesi, teknolojik ilerlemelerin yarattig1 ikili ekonomik yapiy1 azaltabilir. Hiikiimetler
mesleki programlar ve oryantasyon girisimleri uygulayarak sanayilesmenin vasifsiz isciler
iizerindeki olumsuz etkilerini sinirlayabilir ve daha adil bir biiylime saglayabilir.
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1. Introduction

Economic development is a complex and multidimensional process encompassing various
aspects, characteristics, and objectives. While traditional measures, such as economic growth,
remain significant, they do not fully capture other critical dimensions of development, such as
reducing poverty, inequality, and unemployment (Seers, 1979). Broader development objectives
include improving education, enhancing health and nutrition standards, promoting environmental
sustainability, ensuring equal opportunities, expanding individual freedoms, and enriching
cultural experiences (World Bank, 1991: 4). To maintain conceptual clarity, it is essential to
distinguish between economic development and the broader concept of development, which
incorporates non-economic values and goals. The additional objectives are better aligned with
this broader perspective.

Economic development can be described as improving society's living standards in areas
such as education and healthcare, along with enhancing the overall income level. While economic
growth and economic development are occasionally used synonymously in economic theory, the
concept of economic development encompasses a significantly broader scope. Therefore, a
country's high per capita income does not reflect that country's development alone. In the
literature, the phenomenon of development is generally measured through the HDI (Human
Development Index) prepared by the UNDP (United Nations Development Programme). HDI is
a measurement prepared by taking the geometric mean of life expectancy, education, and income
index sub-indicators.

Although economic growth and economic development are sometimes treated as
interchangeable terms in economic theory, economic development covers a much wider scope.
Income distribution can be expressed as the distribution of the income obtained as a result of the
goods and services produced in a country to the society (Kustepeli and Halag, 2004: 144). The
widely used criterion to measure fairness in income distribution is the "Gini coefficient". The Gini
coefficient, derived from the Lorenz curve, ranges between 0 and 1. When the Gini coefficient is
close to 1, it means that the equality in the income distribution decreases, and when it approaches
0, the equality in the income distribution increases.

Traditional development theory argues that the development process does not start at the
same time in all areas of the economy, and therefore balanced development is not realistic (Lewis,
1976: 26). Accordingly, economies realize their growth by using more advanced production
techniques. However, only a limited number of labor forces can be transferred to advanced
production techniques, while others may be left behind while waiting their turn (Lydall, 1977:
13-14). Development moves by expanding the "modern sector” using advanced production
techniques. During this process, the labor force transitions from the traditional sector to the
modern sector, leading to an increase in average incomes within the modern sector. As a result,
although inequality is greater within the traditional sector, the overall level of inequality initially
rises and then falls as the modern sector expands (Gagliani, 1987: 315). Because the development
process necessitates the expansion of certain modern sectors, an inverted U-shaped relationship
may form between per capita income and income inequality.

Kuznets (1955) examined the link between economic development and income inequality
by drawing a distinction between the rural population and those living in urban areas. At the early
stages of development, income inequality rises, and after reaching a certain point, it begins to
decline. According to Kuznets, while the incomes of the labor force in the agricultural sector are
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lower than those in the industrial sector, they are distributed more equally than in the industrial
sector. As a result, the movement of labor from the agricultural sector to the industrial sector
raises individual incomes but also results in greater inequality. Swamy (1967), Knight (1976),
Robinson (1976), and Fields (1980) have extended this version using sectoral shifts and various
distribution indices.

Lewis (1976) has suggested some possibilities that urban development can reduce incomes
in the traditional sector. These are the destruction of traditional trade through product-price or
wage competition, geographic polarization, and acceleration of population growth due to a
decrease in mortality. However, governments can take action to prevent most, if not all, of these
negativities. The share of profits and rents in the urban sector is likely to increase at first.
However, after a threshold, the expansion of the middle-income group and the tightening of the
labor market will put downward pressure on income inequality.

Economic development is not a concept that can be measured only by economic growth or
gross domestic product (GDP). As a multidimensional process, development encompasses
elements such as welfare, education, health, employment, political participation, governance,
social relations, and environment, which directly affect the quality of life of individuals. These
elements reveal that development should be evaluated in a broader framework. The HDI, one of
the most common indicators used to measure economic development, reflects this
multidimensional approach. HDI is a measure that takes education, health, and income levels
together. Therefore, in addition to GDP, it also includes other critical factors affecting the welfare
of individuals. This index, first developed by Amartya Sen and Mahbub ul Hag in 1990, allows
for a more holistic analysis of economic development.

Based on these recent developments, there is an increasing number of articles discussing
the effects of economic growth on income distribution. However, there has been relatively little
progress in understanding the effects of economic development on income distribution. In the
study, the relationship between economic development and income distribution was analyzed for
MIST countries (Mexico, Indonesia, South Korea, and Tiirkiye). MIST countries stand out in
terms of economic development. The common features of these four countries are; having a large
population, having a GDP equivalent to more than 1% of the global economy, and being members
of the G-20. Figure 1 shows the course of economic development and income distribution in
MIST countries. In the context of the research, we address the question of whether there is a
relationship between economic development and income distribution.
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Figure 1. Economic Development and Income Distribution in MIST Countries (1990-2022)
Source: Compiled from Harvard University and United Nations data.

In the study, first of all, the empirical literature explaining the relationship between
economic development and income distribution will be discussed. Next, the data and method part
will be presented. Lastly, the findings of the econometric analysis will be evaluated.

2. Literature Review

The relationship between economic growth and income distribution is a frequently
discussed topic in the economics literature. It is seen that the concept of economic growth is
discussed together with the concepts of income distribution, inequality in income distribution,
human development index, financial development and rural development (Kilig and Gokgeeli,
2024; Batmaz et al., 2023; Opuala et al., 2023; Uche et al., 2024; Gonese et al., 2023; Wang et
al., 2023). Income inequality and economic development have always been an important topic of
debate for both economists and policymakers. These two concepts are also critical for economic
sustainability. In the literature, there are many studies on the relationship between economic
development and income inequality. In this context, the theory of economic development by
Kuznets (1955) is recognized as one of the pioneering studies making a significant contribution
to the literature on inequality and development. According to this hypothesis, known as the
Kuznets curve, income inequality increases in the initial stages of economic development, while
inequality tends to decrease when a certain level is reached. This theory has been one of the main
approaches aiming to explain inequality dynamics in development processes.

After Kuznets (1955), studies similar to the framework of our study have investigated the
relationship between economic development and income distribution using different methods.

Deininger and Squire (1998) explain the relationship between economic growth and
income inequality through political processes. According to this approach, the median voter
shapes income distribution policies through political mechanisms. Tribble (1999), on the other
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hand, expresses this relationship with two turning points and defines the Kuznets curve as an S-
curve rather than an inverted-U shape. While the first turning point represents the transition from
the agricultural sector to the industrial sector at lower levels of economic development, the second
turning point represents the transition from the industrial sector to the service sector at a more
advanced stage of development. In this framework, the cubic function is used to explain the S-
curve hypothesis. In order to test the Kuznets hypothesis, US time series data for the period 1947-
1990 were analyzed. The results showed that the relationship between income inequality and
economic growth is consistent with the S-curve hypothesis. Accordingly, while income inequality
increases in the initial stages of economic development, it then tends to decrease and increases
again with advanced development. Using a different methodology, List and Gallet (1999) also
obtained findings supporting this S-curve hypothesis. Human development stands out as both a
tool and the ultimate goal of the development process. In this context, human development
contributes to the formation of human capital by increasing the levels of knowledge, skills,
creativity, and productivity of individuals. This approach refers to the empowerment of
individuals to take an active role in improving their living conditions, i.e. the realization of human
potential through the expansion of their capabilities and opportunities for choice. The main
objective of human development within a macroeconomic policy framework is to ensure that
economic growth is directly reflected in the living standards of individuals.

Although economic growth is recognized as a necessary condition for human development,
it is not sufficient on its own. Therefore, it is emphasized that the focus should not only be on
quantitative growth but also on qualitative growth. The human development approach aims to
bring together economic growth and the quality of life of individuals, noting that the relationship
between economic growth and human development is not direct. In this framework, improving
the capabilities of individuals, increasing their participation in economic growth, and assessing
the extent to which they benefit from the gains derived from the growth process are among the
main priorities of human development (Griffin and McKinley, 1994). Different studies have
examined the relationship between human development and income inequality in various
dimensions. Ozden et al. (2022) analyzed the relationship between income inequality, human
development, urbanization, and female employment rate in MIST countries between 1990 and
2019 using the support vector regression method and found that these variables had improving
effects on income distribution. Similarly, Avci (2022) analyzed the effects of income inequality,
education, and health expenditures on human development in Turkey for the period 2000-2019.
The findings show that education expenditures and income inequality do not have a significant
effect, while health expenditures have a negative impact on human development. Ngoc and Hai
(2022), in their analysis with the wavelet method for the period 1978-2019 in Singapore, found
that human development decreases income inequality at medium frequency, but developments in
tourism have an increasing effect on inequality. Bucak and Saygili (2022) examined the
relationship between trade openness, income inequality, and HDI in the 2004-2016 period
covering 15 OECD countries and found that an increase in human development reduces income
inequality according to the results of panel cointegration analysis. In addition, causality analysis
showed that there is a unidirectional causality from human development to income inequality.

In recent years, the concept of economic development has been discussed with the concept
of sustainable development, carbon footprint, ecological transformation and technological
development (Banna et al., 2020; Cetin et al., 2021; Mahalik et al., 2021; Wang et al., 2021;
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Afshan and Yagoop, 2022; Handayani et al., 2022; Hossain et al., 2022; Khanal et al., 2022; Li et
al., 2022; Mehrjo et al., 2022; Uzar and Eyuboglu, 2023; Abate et al., 2024; Jula et al., 2024).

In the literature, technological development is accepted as one of the most important
determinants of income inequality. In the studies, it is seen that many variables are included in
the model as a proxy for technological development. Acemoglu et al. (2001) found that skill-
based technical change had a direct positive effect on income inequality. Mehic (2018) found that
industrial employment negatively affects income inequality and that middle-income people are
the biggest burden in terms of inequality increases. Le et al. (2020) and Lee et al. (2022) found
that industrialization has a negative effect on income inequality. Kharlamova et al. (2018)
revealed that technological development reduces income inequality in some countries and
increases it in others, and they determined that this effect varies according to the size of the
country and the level of development. In the academic literature, studies on the relationship
between sustainability, carbon emissions, energy consumption, and economic development show
that these factors interact with each other. In general, it is emphasized that economic development
leads to an increase in energy consumption, which in turn increases carbon emissions and has
negative impacts on environmental sustainability. However, the use of renewable energy sources
and the adoption of energy efficiency technologies are considered important strategies that
contribute to both reducing carbon emissions and achieving sustainable development goals
(Akadiri et al., 2020; Chandio et al., 2021; Khan et al., 2021; Ali, 2022; Shakoor et al., 2023).
Moreover, some studies reveal that there is a bidirectional causality relationship between energy
consumption and economic growth, suggesting that energy policies should be designed without
adversely affecting economic growth. In this context, the transition to renewable energy,
reduction of carbon footprint, and transition to a green economy is suggested as a critical pathway
to ensure both environmental sustainability and support long-term economic development
(Tangworachai et al., 2023; Artekin and Kalayci, 2024).

A review of the literature on the MIST countries (Mexico, Indonesia, South Korea,
Turkey), which constitute the sample of the study, reveals that there are studies that address
financial markets in MIST countries, focus on stock price forecasting, and address the link
between energy consumption and sustainable economic development (Pao et. al., 2014; Danis et.
al., 2015; Gemici and Polat, 2018; Seving, 2022). A review of the literature on the MIST countries
(Mexico, Indonesia, South Korea, Turkey), which constitute the sample of the study, reveals that
there are studies that address financial markets in MIST countries, focus on stock price
forecasting, and address the link between energy consumption and sustainable economic
development (Pao et. al., 2014; Danis et. al., 2015; Gemici and Polat, 2018; Seving, 2022). We
believe that this study will contribute to the literature by analyzing the relationship between
economic development and income distribution in MIST countries.

3. Data and Methodology
3.1. Data

In this study, the relationship between human development and income inequality was
examined for MIST countries (Mexico, Indonesia, South Korea and Tiirkiye) between 1990 and
2022. In regressions, economic development is measured by Gross Domestic Product per capita
and also by the HDI in the literature. Gross Domestic Product and HDI are explained in this
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section. Gross Domestic Product: It is measured based on different approaches such as production,
expenditure and income. According to the production approach, it is the monetary value of final
goods and services produced in a country at a given time. HDI: It is used to measure development.
HDI is a composite index measuring human development, which is a long and healthy life,
knowledge, and a good standard of living. The main explanatory variable is GINI. Industry value
added (IND) and urbanization (URB) are included in the model as instrumental variables.
Definitions and resources of the variables are given in Table 1 and descriptive statistics in Table
2 below.

Table 1. Definitions and Resources of Variables

Variable Definition Resource

GINI GINI coefficient Standar_dlzed World  Income
Inequality Database

HDI Human development index United Nations

IND Industry value added (current USD) Wo_rld Bank, World Development
Indicators

URB Urban population Wo.rld Bank, World Development
Indicators

The number of observations is 132 for all variables. The minimum value of the HDI
variable is 0.526, the maximum value is 0.929 and the mean value is 0.734. The minimum value
of the GINI variable is 0.301, the maximum value is 0.512 and the mean value is 0.416. The
minimum of the IND variable is 4.18e+10 and the maximum is 5.90e+11. The URB variable has
a minimum value of 3.17e+07 and a maximum value of 1.60e+08.

Table 2. Descriptive Statistics

Variable Observation Mean Std. Dev. Min Max
GINI 132 0.4160682 0.0580817 0.301 0.512
HDI 132 0.7349091 0.0995522 0.526 0.929
IND 132 2.50e+11 1.51e+11 4,18e+10 5.90e+11
URB 132 6.93e+07 3.31e+07 3.17e+07 1.60e+08

3.2. Econometric Methodology

As in time series, the stationarity of variables is important in panel data analysis. In order
for the analysis results to be consistent and unbiased, the series must be made stationary. Unit
root tests are applied to test the stationarity of the series. In the analysis, Levin et al. (2002) panel
unit root test (LLC) was preferred. The LLC panel unit root test assumes that all units have the
same autoregressive parameter (p). In addition, the constant and trend parameters vary by unit.
The LLC test is based on Augmented Dickey Fuller (ADF) regression;

Pi
AY;e = pYip—1 + Z Oi, AYit—p + Opidme + & m=1,2,3 )
=1

where dm: represents the vector of deterministic variables and ami represents its parameters. The
null hypothesis of the test is established as “panels contain unit roots". If the t-statistic value is
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greater than the table value, the null hypothesis is rejected and the series is accepted to be
stationary.

After the panel unit root test, the relationship between the variables is estimated. After the
panel unit root test, the relationship between the variables is estimated. Since some of the variables
are stationary at the level and some become stationary when their first differences are taken, the
panel ARDL method can be applied.

The determinants of GINI in MIST countries are assessed with the panel ARDL framework.
The following estimators are used in the long-term ARDL models: the DFE (dynamic fixed effect)
estimator (Weinhold, 1999) and the PMG (pooled mean group) estimator (Pesaran et al., 1999).
The PMG estimator restrains the long-term coefficients to be the same but allows slope
coefficients and short-term coefficients to vary across groups. The general ARDL (p, ql,...,qk)
can be derived as an error correction estimator that captures short- and long-term effects;

p—-1 q-1
AGINI;, = ECT;; + 2 OF AGINIj e+ ) O/AX;_; + &, (2
j:l =0

]

i and t in Equation (5) represent the unit and time dimensions, respectively. A is the first
difference operator and ECT is the error correction term. Xi,t is a vector of the independent
variable (HDI, IND, and URB), 19} and 9} are the dependent and independent variable short-run
coefficients, respectively. On the other hand, ¢; , represents the error term.

4. Findings

First, a panel unit root test was applied to test the stationarity of the variables. Table 3
reports the panel unit root test results. According to the findings, GINI and URB have a unit root
process at the level but become stationary at the first difference. This indicates that they are
integrated of (1) process. HDI and IND variables are stationary at level 1(0).

Table 3. Levin, Lin and Chu Test Results

Variable Level First Difference
Constant Constant and Trend Constant Constant and Trend
GINI 0.2430 -1.2470 -6.6944 -5.5889
(0.5960) (0.1062) (0.0000)*** (0.0000)***
HDI 0.6377 -1.6820 -3.0982 -2.1038
(0.7382) (0.0463)** (0.0010)*** (0.0177)**
IND -0.4423 -1.7710 -4.3454 -3.4114
(0.3291) (0.0383)** (0.0000)*** (0.0003)***
URB -1.2869 -0.9990 -1.6974 -1.9553
(0.0991)* (0.1589) (0.0448)** (0.0253)**

Since the variables are stationary at different degrees, the panel ARDL approach is adopted
in this study. The panel ARDL approach (DFE and PMG) is more appropriate than traditional
cointegration techniques because the dependent and independent variables are a mixture of 1(0)
and I(1) (Pesaran et al., 2001). The Hausman test was used to determine the estimator. According
to the Hausman test results, the PMG estimator outperforms the DFE estimator. Table 4 displays
the ARDL test results.
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Since the ECT coefficient is statistically significant, it is understood that there is a stable
long-term relationship between GINI and the independent variables. The findings reveal that HDI
is negatively and URB is positively correlated with GINI, with a statistical significance level of
1%. IND does not have a significant coefficient.

Table 4. Panel ARDL Estimations

Variable DFE PMG
-0.0756582 -0.3169646
ECT
(0.085)* (0.025)**
HDI -0.027498 -0.1937699
(0.950) (0.007)***
IND -1.44e-13 4.69e-14
(0.531) (0.410)
1.55e-09 1.40e-09
URB (0.210) (0.008)***
C 0.0368552 0.1641865
(0.219) (0.045)**
0.15
DFE vs PMG (0.7022)
Unit 4
Observation 124

Note: *** ** * denote the statistical significance at 1%, 5% and 10% levels, respectively.

5. Conclusion

The linkage between economic development and income distribution is frequently
discussed in the economics literature. Especially in developing countries, the question of how
income distribution is affected as the level of economic development rises frequently comes to
the fore. Some of the studies have argued that economic development has a positive effect on
income distribution, while others have concluded that it has a negative effect.

When the literature is examined, it is seen that there are many studies on the Kuznets
hypothesis and most of these studies measure economic development with gross domestic
product. In this study, economic development is measured by Gross Domestic Product per capita
and economic development is also measured by HDI.

In the study, MIST countries were taken as samples in order to analyze the relationship
between economic development and income distribution. The common features of these four
countries are that they have a large population, have a GDP equivalent to more than 1% of the
global economy, and are members of the G-20. Utilizing the MIST countries during the period
1990-2022 and the ARDL panel approach, this study explores the nonlinear relationship between
economic development and income inequality. Also, IVA and URB are included in the model as
control variables. Since industrial development is also an important determinant of income
inequality, the IND variable is also included in the model as a control variable. In this context,
the aim of the study is to provide a comprehensive analysis of the relationship between economic
development and income inequality.

The study reveals first that economic development reduces income inequality. Second, the
increase in industrialization, which is an indicator of technological development, increases
income inequality. The findings of the study offer important implications for policy formulation.
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Increasing the level of economic development in MIST countries can help reduce income
inequality. Considering that economic development has three pillars, it is important to increase
education, health, and economic growth efforts to reduce income inequality. On the other hand,
industrialization should reassess its claim in the context of income inequality. Thus, policymakers
can stimulate renewables while compensating for losses. In addition, governments can offer
subsidies for non-renewables to prevent a dual economy. Finally, measures can be taken to
increase the qualifications of the unskilled workforce in order to prevent the dual structure created
by industrialization. Policymakers can limit the negative effects of technology on unskilled
workers through processes such as vocational qualification training and orientation programs.
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Governments primarily face the basic conundrums that arise from balancing
environmental concerns with economic growth. In this content, since most research
focuses on the cases of countries or groups of countries, a significant gap exists in
how economic growth and energy consumption influence environmental pollution
processes at the regional or provincial level. This study is the first to investigate the
effects of energy consumption and economic growth on environmental pollution in
the TR90 region of Tirkiye (including the provinces of Artvin, Giresun,
Gilimishane, Ordu, Rize, and Trabzon) for the years 2007-2021 in the framework
of the Environmental Kuznets Curve (EKC) hypothesis. This study utilizes the
innovative Method of Moments Quantile Regression (MMQR) approach to
investigate these effects. The MMQR results support the EKC hypothesis, which
contends that environmental pollution rises in the early stages of economic growth
but then declines as growth levels reach a turning point. Furthermore, the results
demonstrate that increasing energy consumption exacerbates environmental
pollution in the TR0 region.
Oz

Hiikiimetler o6ncelikli olarak ¢evresel kaygilart ekonomik biiylimeyle
dengelemekten kaynaklanan temel agmazlarla karsi karsiyadir. Bu konuda ¢ogu
aragtirma tllke veya {ilke gruplar1 vakalarima odaklandigindan, ekonomik
biiylimenin ve enerji tliketiminin bolgesel veya il diizeyinde c¢evre kirliligi
stireglerini nasil etkiledigi konusunda 6nemli bir bilimsel bogluk vardir. Bu
calisma, 2007-2021 yillar1 arasinda Tiirkiye'nin TR90 bolgesinde (Artvin, Giresun,
Giimiishane, Ordu, Rize ve Trabzon illerini kapsayan) enerji tiikketimi ve ekonomik
bitylimenin ¢evre kirliligi tizerindeki etkilerini Cevresel Kuznets Egrisi (EKC)
hipotezi ¢ergevesinde arastiran ilk caligmadir. Bu ¢alisma, bu minvalde yeni
Momentler Kantil Regresyonu Yoéntemi (MMQR) yaklagimi kullanmaktadir.
MMQR sonuglari, ¢evre kirliliginin ekonomik biiylimenin erken evrelerinde
artti@in1 ancak biiylime seviyeleri bir doniim noktasina ulastiginda azalmaya
basladigini ileri siiren EKC hipotezini desteklemektedir. Ayrica, sonuglar artan
enerji tiiketiminin TR90 bolgesinde gevre kirliligini olumsuz sekilde etkiledigini
gostermektedir.
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1. Introduction

In the 21st century, the impacts of human activities on nature have reached a point where
they pose serious threats to all living organisms (IPCC, 2021). However, even today, some believe
that global environmental concerns are excessively exaggerated and that some of them such as
the climate change crisis are utilized as an instrument to impose political, economic, and social
changes for the benefit of certain groups. They also argue that data on changes to the global
environmental regime are limited to worst-case scientific possibilities. However, as the Global
Resource Outlook report’s succinct and unambiguous message makes clear, “It should have
already been understood that the issue is not whether a transformation towards sustainable
resource consumption and production on a global scale is necessary, but how this can be achieved
urgently.” (UNEP, 2024). Further, the main point to comprehend is that the main forces straining
biocapacity are population growth and, particularly, economic growth (EGr). To determine the
extent of this pressure, changes in global environmental and economic conditions throughout the
last 50 years are enough to be observed (see UN Environment, 2019). The scientific evidence on
the severity and urgency of global environmental issues also necessitates rapid actions towards
building a sustainable future. Therefore, the pressures created by EGr and population increases
require the immediate implementation of sustainable resource management and environmental
protection strategies.

EGr, energy consumption (ECon), and population increase are considered key catalysts in
the transformation of the global environmental regime (UN Environment, 2019: 6). For instance,
as stated in the United Nations reports, the world population, which was 2.5 billion in 1950,
reached 8 billion in 2022 and is estimated to be 8.5 billion in 2030, 9.7 billion in 2050, and
approximately 10.4 billion in 2100 (UNDESA-PD, 2022). Similarly, EGr is a fundamental
dilemma that leads to higher levels of use of natural resources and damage to ecological systems.
Indeed, considering global EGr, the fact that GDP per capita worldwide increased by 2.4 times
from 1970 to 2024, surpassing $11,600, which indicates that significant inequalities continue at
the regional and national level (see UNEP, 2024: 22). In this context, household consumption is
responsible for approximately 60% of the overall environmental effect, and about 30% of total
carbon dioxide (CO2) emissions are attributed to the production of globally traded goods (UNEP,
2010). All these findings reveal the extent of the adverse changes that EGr has caused in the global
environmental regime. At this point, governments and other actors are trying to overcome the
“paradoxical” situation between EGr and ecological constraints with a “sustainability”
prescription.

Similarly, among the factors influencing environmental pollution (EPol) and EGr, patterns
of energy production and consumption are particularly noteworthy. Energy is the cornerstone of
EGr, and electricity consumption emerges as a critical infrastructure element for socioeconomic
development (Ghosh, 2002: 125). Electricity, which is a secondary and most commonly used
energy source, is seen as a solution for countries to cope with economic and social challenges and
is regarded as a necessity for development (Wolde—Rufael, 2006: 1106). With industrialization
processes, electricity has become a fundamental factor in production through technological
advancements. EGr has caused production to change over time in favor of the service industry,
and therefore, electrical energy has become a necessary consumption good for both direct and
indirect production as well as for maintaining service quality.
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Regarding all of these matters, in 2015, the 193 UN member countries unanimously
accepted the 2030 Agenda for Sustainable Development, which mandates collaborative efforts to
protect existing natural resources, prevent EPol, and secure that the needs of both current and
future generations are met (UN, 2015). The “United Nations Sustainable Development Goals”
(SDGs) include a set of objectives that are closely linked to both EGr and environmental
sustainability, such as 1. (no poverty), 2. (no hunger), 7. (affordable and clean energy), 11.
(sustainable cities and communities), 12. (Responsible consumption and production), and 13.
(climate action). In this context, governments, businesses, civil society organizations, individuals,
and all other stakeholders must cooperate to deal with poverty and hunger effectively, promote
economic development, reduce inequalities, address EPol and climate change issues, and ensure
peace and justice in all their initiatives (Sanchez Gassen et al., 2018: 8). At the same time, as with
this regulation and other global initiatives formally adopted by national governments, an
adaptation or localization process is necessary for the implementation (see Valencia et al., 2019).
So, SDGs can be successfully achieved through the capacity of regional and local actors to adapt
the established targets to their specific conditions (Bardal et al., 2021).

The main motivation of this research can be explained as follows: When examining the
relationship between variables in the studies, it is assumed that conclusions valid at the national
level will also be valid for each region. However, the assumption that “what is good for the whole
must be good for each part” often may not hold true (Zikovi¢ et al., 2020: 1). Each region has
unique geographical and climatic conditions, agricultural characteristics, natural resources, and
economic structures. Therefore, the effect of ECon and EGr on EPol may vary from region to
region, depending on local dynamics. For instance, one region may be rich in energy resources,
while another may be scarce. For this reason, rather than generalizing, it is more realistic to
consider the specific dynamics of each region in the environment—economy—energy relationship.
However, previous studies generally examined the effect of economic factors and ECon on EPol
through policies, strategies, and plans at the national level or for specific country groups.
However, research on actions at the regional and local scales is still insufficiently developed,
whereas how global goals will be implemented at the local level is an important question. In this
context, in Tiirkiye, over the past 20 years, it has been observed that EGr and ECon have increased
along with EPol, and regional disparities have become more significant and visible. Therefore,
investigating the connection between EGr, ECon, and EPol in the TR90 region is also expected
to help determine appropriate environmental and energy policies, as well as economic strategies
specific to this region.

Tiirkiye is divided into 12 sub-regions at Level-1, 26 sub-regions at Level-2, and 81
provinces at Level-3 based on the Turkish Statistical Institute’s (TURKSTAT) Nomenclature of
Territorial Units for Statistics (NUTS) classification system. TR90 region is one of 26 Level-2
subregions and involves the provinces of Trabzon, Ordu, Giresun, Rize, Artvin, and Giimiigshane.
In the Socio-Economic Development Ranking Surveys (SEGE) (2017), the socio-economic
development ranking of the TR90 region provinces is as follows: Trabzon is ranked 26th with an
index value of 0.389, Rize is ranked 36th with an index value of 0.174, Artvin is ranked 49th with
an index value of —0.235, Giresun is ranked 53rd with an index value of —0.323, Ordu is ranked
60th with an index value of —0.486, and Giimuishane is ranked 64th with an index value of —0.623
(Ministry of Industry and Technology, 2017).

In light of the Environmental Kuznets Curve (EKC) hypothesis, the study investigates the
effect of ECon and EGr on EPol in the TR90 region. In this regard, the reasons for choosing the
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TR90 region as the sample for the present study can be explained as follows: The TR90 region,
due to its ecological richness with diverse flora and fauna, has recently seen a rapid increase in
investments, particularly in hydroelectric power plants (HPPs). The region is rich in ecological
diversity and abundant water resources. This region, known for its rivers and streams, contributes
to regional and national clean energy supply through the construction of dams and HPPs.
However, Planning and inspection deficiencies have caused significant challenges for
environmental sustainability in the region. Among the primary causes of environmental issues in
rural regions are irregular building and conventional solid waste management. Another important
concern in the region is the absence of adequate infrastructure facilities (DOKA, 2014; Yildirim
and Ayna, 2016). Furthermore, given the region's hydroelectric potential, the Eastern Black Sea
Basin harnesses almost 20% of Turkey's energy potential (see Kankal and Akgay, 2019: 896).
Nonetheless, the region garners attention for its ecological significance, including land
composition, water resources, soil quality, and biodiversity of forests and flora, alongside the
ecological issues arising from the proposed hydropower plant in the basin and increasing the local
communities concerns (Atabey and Giirdogan, 2015: 58-59). Moreover, the TR0 region
possesses significant ecotourism potential owing to its diverse flora and fauna, topographical
features, and cultural values (Kaya and Yildirim, 2020). We must also consider the potential
future ramifications of this circumstance. The region attracts attention due to changes in climatic
factors such as temperature and precipitation. As the area with the highest annual precipitation
rate in the country, it frequently experiences disasters like erosion and flooding (Yilmaz et al.,
2021). All of these findings highlight how critical it is to implement the required measures for the
medium— and long-term EGr of the TR90 region. Examining how EGr and energy use have
affected EPol over the past 15 years is anticipated to yield important policy recommendations in
this regard.

This study makes substantial theoretical and practical contributions to the literature. First,
regarding the EKC, this study is the first to consider how EGr and ECon affect EPol in the TR90
region. Second, it was discovered that national or group of countries’ assessments of the links
between EGr, ECon, and EPol were made in general, whereas regional or provincial-level
analyses are inadequate. Yet, regarding resource consumption, environmental effects, and
economic structure, subnational regions may differ greatly from one another. For instance, some
of the regional economies are heavily reliant on industry, whereas those of others are centered on
services or agriculture in Tiirkiye. Third, this study adopts the novel Method of Moments Quantile
Regression (MMQR) approach as a modern and robust method addressing issues of
heteroscedasticity, endogeneity, and conditional distribution rather than traditional estimation
methods. On the other hand, traditional test techniques may lead to untrustworthy and biased
inferences.

The study's subsequent sections have the following structure: Section 2 reviews the
literature in the context of the conceptual and theoretical effects of electricity consumption and
EGr on environmental degradation. Section 3 presents the data and methodology, while Section
4 addresses the findings and discussions. Section 5 also presents the conclusion and policy
recommendations.
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2. Literature Review

The nexus between EGr, Econ, and EPol has become a critical area of research due to the
growing of environmental concerns and the commitment to SDGs. These linkages are explored
from a variety of theoretical and empirical perspectives, characteristically under the following
headings.

2.1. Theoretical and Conceptual Basis of the Study

The political and administrative initiatives or strategies taken to promote quicker EGr are
the main reason for changes in the global environmental regime in the 21st century. In fact, there
has been a notable and concerning increase in population and EGr in recent years, which has
raised demand for global resources and intensified environmental strain (Nasrollahi et al., 2020:
1105). The rapid continuation of EGr on a global scale has exacerbated environmental problems.
Thus, it is crucial to coordinate EGr with environmental quality, as this is a pressing strategic
problem (Rao and Yan, 2020: 39442).

Previous studies addressing the relationship between ECon and environmental degradation
address energy use as a factor that increases EPol. Indeed, the level of ECon is almost considered
an indicator of the level of EPol (see lbekilo et al., 2023; Sumaira and Siddique, 2023).
Furthermore, previous studies generally agree that EPol originates from human activities (Fatima
et al., 2021). Activities such as energy production and consumption are particularly prominent
examples of anthropogenic effects on nature. While energy is considered the fundamental driving
force of societal and economic development, the types of energy used, especially in terms of
carbon emissions, can be primary determinants of environmental degradation (Armeanu et al.,
2019). In this regard, governments are diligently implementing a range of innovative initiatives
and practices to lessen environmental damage such as using renewable energy sources (Xiong
and Xu, 2021).

Alongside steady economic growth, the global energy supply and consumption have lately
increased. Rising ECon has also been influenced by emerging economies’ attempts at EGr. The
world’s ECon has been rising noticeably due to rapid population growth, urbanization, and
increased economic activity. On the other hand, this increase, particularly with the widespread
use of non-renewable energy sources such as coal, natural gas, and oil, has had serious negative
impacts on the environment. Even though economic and social development are desired by
governments to be sustainable, a large-scale ecological disaster threat has emerged in many
countries (Zhang et al., 2017: 365). However, to prevent any negative impacts on industrial
production due to the scarcity of electricity, it is very important for policymakers to ensure the
security of electricity supply and to plan sufficient production capacity to meet industrial
electricity demand, which necessitates more investment in the energy sector (Shiu and Lam, 2004:
47). Energy efficiency may boost economic gains and the economy’s overall competitiveness in
addition to new investments. In general, the pattern of EGr is depended on a nation’s energy
structure, which in a sense might represent the degree of economic development of that nation.
Thus, without a shift in the energy system, there will be no incentive for sustained transformation
in the social and economic spheres, and the foundation for development would no longer be
viable. In sum, today’s world, constrained by resources and the environment, is engaged in a
tough struggle to transition from high—carbon to low—carbon ECon (Zhang et al., 2017: 354).
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In light of these elucidations, the theoretical framework of this study is based on the EKC
hypothesis developed by Grossman and Krueger (1991, 1995). This hypothesis follows a similar
analogy to the Kuznets curve, which assumes an inverted U—shaped relationship between income
and income inequality, as proposed by Kuznets (1955) (Andreoni and Levinson, 2001: 269;
Dinda, 2004: 431; Sulemana et al., 2017: 134). In this regard, studies examining the
environmental effects of energy use and EGr at global and national levels generally rely on the
EKC hypothesis. It assumes an inverted U-shaped relationship between income and EPol. A
theoretical overview of this study is also seen in Figure 1, which denotes the relationship between
EPol, ECon, and EGr.

Figure 1. Theoretical Summary

The relationship between environmental deterioration, economic conditions, and economic
growth is a significant study focus for several scholars and policymakers. So, analyzing the
environment—economy—energy nexus accurately is essential for the research fields of sustainable
development pathway.

2.2. Economic Growth and Environmental Pollution Nexus

Studies examining the impact of EGr on environmental quality were carried out using
various country samples, datasets, and analytical methods. A simple search using the keywords
“EGr” and “EPol” in the Web of Science database reveals that 210 academic publications have
addressed this topic. Notably, 75% of these studies were published between 2014 and 2024,
indicating a growing concern over the environmental constraints associated with economic
developments in recent years. 80% of those of which are research articles, with 57% categorized
under “environmental science or environmental studies” and 27% under “economics”. This trend
reflects increasing global and academic concerns about the risks and threats posed by changes in
environmental systems, especially those related to climate change.

Previous research has analyzed and evaluated various groups of countries such as New
Industrialized Countries (NICs), Group of Seven (G7), BRICS (Brazil, Russia, India, China,
South Africa), and OECD (The Organization for Economic Co-operation and Development).
Considering that these divisions are usually predicated on political and economic standards, it is
ignored that there are notable variations across the nations that comprise each group. Due to the
varying methods of defining and reporting environmental variables, concerns about the reliability
and validity of the findings have emerged, particularly in developing countries where data

748



Ekonomi, Politika & Finans Arastirmalar1 Dergisi, 2024, 9(4): 743-762
Journal of Research in Economics, Politics & Finance, 2024, 9(4): 743-762

collection and methodological issues can lead to inconsistent results. However, this study uses
the term “region” to refer to sub—regions that share similar geographic and economic conditions
in a single country, rather than a generalized definition referring to groups of countries. This
approach allows for the analysis of comparable data collected under similar political and
administrative structures, which is crucial for getting reliable and consistently results.

Studies inquiring at how EGr affects ecological constraints frequently employ a variety of
datasets and methodologies in their empirical evaluations at the national level. In this regard,
Nasir et al. (2019) reported a direct correlation between EGr, financial development, foreign
direct investment (FDI), and environmental degradation among ASEAN-5 countries (Association
of Southeast Asian Nations). Similarly, Bakirtas and Cetin (2017) used a panel vector
autoregressive (PVAR) model to investigate the validity of the EKC hypothesis in MIKTA
countries (Mexico, Indonesia, South Korea, Tiirkiye, and Australia) between the years 1982 and
2011. Their empirical results, however, did not support the EKC hypothesis. Ali et al. (2023) also
addressed the connection between EGr, globalization, renewable energy, and non-renewable
energy in South American countries between 1995 and 2020. Given their results, while EGr
increases EPol, using renewable energy reduces EPol in both the short and long run. Ali et al.
(2020) also studied the relationship between environmental degradation, EGr, and energy
innovation in 33 European countries for the period between 1996 and 2017. These authors also
reported a significant inverse U-shaped relationship between GDP and environmental
degradation, supporting the EKC hypothesis. Alike Yilanci and Ozgur (2019) analyzed the
relationship between income and pollution in G7 countries (Canada, France, Germany, Italy,
Japan, the UK, and the USA) using data for the years between 1970 and 2014. Their results also
support the EKC hypothesis in Japan and the USA but do not indicate a U-shaped relationship
between ecological footprint and GDP in other countries. Sulemana et al. (2017) tested the
validity of the EKC hypothesis for CO, and particulate matter (PM10) emissions in African
countries and high—income OECD countries as well. The results supported the EKC hypothesis
for both CO and PM10 emissions in these regions.

On the other hand, national-level studies generally align with the results reported by
country—group studies regarding the impacts of EGr on environmental quality. For example, Cai
et al. (2020) explored the relationship between China’s water pollution discharges, including
wastewater, chemical oxygen demand, and ammonia nitrogen, and GDP per capita from the
aspect of the EKC hypothesis. Their results demonstrate that the EKC types may be distinguished
from one another based on characteristics or distinct tipping points. However, it is noticed that
studies on the relationship between EPol and EGr often yield different results depending on the
type of analysis and model used. For instance, Giovanis (2013) aimed to provide empirical
evidence of a correlation between air pollution and income by analyzing social data from the
“British Household Panel Survey” covering the years 1991 to 2009. While the results achieved
from the Arellano—-Bond GMM and logit models, which include fixed effects and all types of
family income, strongly support the EKC hypothesis for the air pollutants, the fixed effects results
of the research do not support the EKC hypothesis.

Studies exploring the associations between environmental degradation and EGr at the
regional and urban levels have also increased recently, much like those conducted on a global and
national scale. For instance, Song et al. (2008) examined the relationship between EPol and EGr
by making use of city-scale data from China between 1985 and 2005. The results revealed that all
three pollutants, contaminated water, gas, and solid waste, exhibited an inverted U-shape with
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respect to per capita income levels. Similarly, Liu et al. (2019) investigated the impact of EGr and
foreign direct investments on CO, emissions using provincial-scale data from China spanning
from 1996 to 2015, integrating these factors into a unified framework. The results indicate a
curvilinear relationship characterized by an inverted U—shape between EGr and CO; emissions.
Moreover, Zhang et al. (2020) analyzed the association between EGr, energy usage, and the
spatial distribution of environmental pollutants in 31 cities in China from 2008 to 2018 within the
context of the EKC hypothesis. Their results similarly indicated a spatial relationship in China
between industrial pollution, energy structure, and EGr, and that this relationship is distributed
over several agglomeration regions. Stern and Zha (2016) also scrutinized the effects of income,
convergence, and time-related factors on recent fluctuations in PM2.5 and PM10 particulate
pollution levels in 50 Chinese cities. Their results reveal that EGr, convergence, and time
collectively contribute to reducing pollution.

Allinall, it is observed that at the regional level, the effects of EGr on EPol are determined
by the complex interactions of various factors which may vary depending on the characteristics
of the regional economic structure, industrial activities, and environmental regulations. The initial
hypothesis of the research has been formulated based on these evaluations as follows:

H1: For the case of the TR90, the EKC hypothesis is valid.

2.3. Energy Consumption and Environmental Pollution Nexus

Many studies empirically examined the relationship between ECon and EPol. Particularly,
the study carried out by Bekun et al. (2019) analyzed the relationship between consumption of
renewable and non-renewable energy sources, carbon emissions, and EGr over the period from
1996 to 2014 for a specific group of EU-16 countries. Their study clearly demonstrated that using
renewable energy helps lower CO, emissions, while EGr and using non-renewable energy
increase carbon emissions. Analyzing the usage of renewable and non—renewable energy sources,
Anwar et al. (2021) also scrutinized the relationship between ECon, income, and the environment
in ASEAN countries. Their findings clearly support the EKC hypothesis, which states that rising
non—renewable ECon causes rising CO, emissions, whereas rising renewable ECon causes falling
CO2 emissions in ASEAN countries. In addition, as for the political recommendations of the
studies, Sarkodie and Adams (2018) emphasized the need for fossil fuel-rich countries to diversify
their energy portfolios by incorporating renewable energy sources to reduce sensitivity to price
fluctuations, promote environmental sustainability, and improve air quality. Similarly, Destek and
Aslan (2020) highlighted the effectiveness of hydroelectric, biomass, and wind ECon in reducing
carbon emissions in G7 countries by focusing on different types of renewable energy sources.

Governments and all other public and non—public actors aim to improve environmental
quality by utilizing regulatory environmental policy tools. For instance, Yuan (2024) investigated
the restrictive influence of EPol taxes on the level of energy usage, suggesting that technological
advancements, optimization of industrial structure, and tax collection further enhance the
restrictive impact of EPol taxes on ECon. Similarly, improvements in environmental regulations
lead to positive outcomes in clean ECon and a long—term reduction in environmental degradation,
such as CO, emissions (Zhang et al., 2022). Furthermore, Jiatong et al. (2023) used new
econometric techniques to scrutinize the impacts of geopolitical risk, economic uncertainty, and
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renewable source usage on the ecological footprint from 2000 to 2021, finding that only
renewable energy use positively affects environmental quality.

Research on how ECon affects environmental deterioration has produced some notable
results, particularly for developing and low-income countries. For instance, increased usage of
fossil fuels like coal in these countries’ ECon portfolios results in increased industrial carbon
emissions (Chen et al., 2024). Some studies similarly showed that an increase in the proportional
use of renewable energy in total energy sources expectedly results in a reduction in EPol (see
Wang, 2019; Azam et al., 2021; Wang et al., 2022). Likely, Assi et al. (2021) examined the effects
of five primary factors on renewable ECon in ASEAN+3 (Indonesia, Malaysia, Philippines,
Singapore, Thailand, Vietnam + China, Japan, and Korea) economies between 1998 and 2018.
These factors included financial development, EPol, innovation, economic freedom, and GDP per
capita. They found that while environmental degradation and economic freedom have a negative
relationship with the use of renewable energy, financial progress has no discernible impact on
renewable ECon. Additionally, Nawaz et al. (2021) addressed the role of ECon in environmental
degradation for South Asian economies as part of their political advice, arguing that these
countries should concentrate on luring clean foreign investment and that the production of
renewable energy is essential to halting climate change. So, based on the latest literature, the
following research hypothesis was developed.

H2: Energy consumption increases environmental pollution and hampers the
environmental quality in the case of the TR90 region.

There are still many remarkable gaps in the literature regarding the analysis of the
relationships between environmental degradation, ECon, and EGr, in particular at the regional
level. Within this scope, it is observed that the results vary depending on factors such as the period
analyzed, the selected country or regional groups, and the preferred methodology. Furthermore,
studies that commonly use traditional tests often tend to produce weak or biased results. To the
best of our knowledge, no empirical study examining how ECon and EGr relate to EPol in any
region of Tlirkiye by making use of the EKC hypothesis could be found. This study aims to bridge
the gaps in the literature on regional studies by analyzing the relationships between EGr, ECon,
and EPol in the TR0 region of Tiirkiye between 2007 and 2021 within the context of the EKC
hypothesis, which is the inaugural research on that point.

3. Data and Methodology
3.1. Data and Model Specification

This study examines the effects of energy consumption and economic growth on
environmental pollution in the TR90 region from 2007 to 2021 in the framework of the EKC. In
this direct, environmental pollution (POL) is represented by the average amount of municipal
waste per capita. The gross domestic product per capita represents economic growth (GDP), and
the total electricity consumption per capita indicates energy consumption (ELC). GDPSQ refers
to the square of GDP. Data for POL, GDP, GDPSQ, and ELC are obtained from the Turkish
Statistical Institute (TURKSTAT, 2024). The logarithmic transformations of all the variables are
computed in the analysis. Table 1 presents the definitions and essential information about the
variables.
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Table 1. Descriptions of the Variables
Variable Acronym Definition (Units) Source
Average amount of municipal waste per capita

Environmental pollution POL (kg/person-day) TURKSTAT
. GDP per capita

Economic growth GDP (constant 2009 USS) TURKSTAT

Squared economic growth ~ GDPSQ &Zi:?aﬁrgoogfuljsgf er capita TURKSTAT

Energy consumption ELC Total electricity consumption per capita TURKSTAT

(KWh)

Following the study carried out by Lean and Smyth (2010), the basic model of this study
is specified as:

POL = f (GDP,GDPSQ, ELC) 1)
Econometrically,
POL;; = By + B1GDPy + B,GDPSQ;1+P3ELCit+&;; (2

where, i and t refer to cross sections and time, respectively, while ;; denotes error terms. Since
economic activities trigger environmental damage, the efforts made to achieve a faster EGr cause

an increase in EPol (Beckerman, 1995). Therefore, the GDP coefficient is expected to be positive

( 1:22%>0). On the other hand, GDPSQ coefficient is expected to be negative

(BZ = azgiéQ < 0). In this context, the fact that 3; coefficient is positive and significant, and (3,

coefficient was negative and significant confirms the validity of the EKC hypothesis (Dinda,
2004; Panayotou, 1997). In accordance with the aforementioned research, ECon is essential for
sustainable development and environmental quality. However, fossil fuels account for
approximately 82% of global ECon (British Petroleum, 2024). Therefore, electricity consumption
relies mainly on fossil fuels on a global scale. This ECon pattern causes EPol to increase and

threatens environmental sustainability (He et al., 2021). In this context, the ELC coefficient is

expected to be positive (83 = g:—fé > O).

3.2. Econometric Methodology

In panel data analysis, firstly, cross-sectional dependence (CSD) and slope heterogeneity
(SH) should be addressed because, in panel data samples, the likelihood of countries/regions being
significantly correlated or dependent might be high due to common shocks, unknown factors, and
geographical interaction. For this purpose, ignoring CSD and SH tests could lead to biased and
unreliable results, and it may cause ineffective and invalid inferences regarding the subject being
analyzed. For these reasons, in the study, the CSD is tested using Pesaran’s (2015) CD test, and
the presence of SH is verified using Pesaran and Yamagata’s (2008) Delta (A test) and Adjusted
Delta (A,g4;) tests.

Traditional unit root tests, such as IPS, LLC, and Hadri unit root tests, fail to address the
issues of CSD and SH. Therefore, this study uses a second—generation unit root test capable of
considering CSD and SH issues to determine the stationarity of the variables. In this context, this
study utilizes the cross-sectionally augmented IPS (CIPS) unit root test proposed by Pesaran
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(2007). The CIPS test also regards CSD and SH and performs robustly under both T (time
dimension)>N (cross—unit) and N>T conditions. The CIPS test statistic assumes the null
hypothesis (Ho) that the panel has a unit root, whereas the alternative hypothesis (Ha) states that
the panel is stationary.

After checking the stationarity of the variables, the study conducted two different
cointegration tests, considering CSD and SH. The first was the Durbin—Hausman (DH)
cointegration test advanced by Westerlund (2008), and the second was the Lagrange multiplier
(LM) cointegration test proposed by Westerlund and Edgerton (2007). As second—generation
cointegration tests, both DH and LM address CSD issues using the bootstrap approach. The DH
cointegration test provides the DHgroup test statistic, which permits panel heterogeneity, and the
DHaner test statistic, which aligns with panel homogeneity. Similarly, the LM cointegration test
provides a bootstrap test statistic that allows for CSD and an asymptotic test statistic that applies
in the absence of CSD. The LM test examines the null hypothesis (Ho) that cointegration exists
for all units against the alternative hypothesis (Ha) that cointegration exists for some units. In the
DH test, DHgroup, and DHpanel test statistics test the null hypothesis of no cointegration in all units,
while DHgroup test statistic’s alternative hypothesis suggests cointegration for some units, and
DHyaner test statistic’s alternative hypothesis suggests cointegration for all units.

Traditional linear estimation methods such as OLS, FMOLS, and DOLS provide limited
information as they focus on average relationships. In contrast, the quantile regression models
developed by Koenker and Bassett (1978), and Koenker (2004) yield different estimation results
for each quantile rather than average—based estimates. Among quantile-based approaches, the
MMQR with fixed—effect method, newly established by Machado and Silva (2019), comes to the
forefront as a modern and robust alternative. This study uses the MMQR approach to estimate
long-run coefficients. MMQR offers advantages including addressing endogeneity issues,
producing robust estimates, allowing for individual effects, and considering outliers. Moreover,
MMQR is capable of providing efficient and consistent estimates in explaining nonlinear and
asymmetric relationships. This approach accounts for covariance effects in conditional
heterogeneity and measures multiple parameters at different quantiles.

We preferred the MMQR approach in this study due to its advantages and some of its main
features. As a non—parametric method, MMQR effectively captures the impact of economic
growth and energy consumption on distribution tails of environmental pollution at the regional
level while also alleviating the issue of misspecification bias. Moreover, previous environment—
growth—energy studies have widely used this approach, which is particularly suited to the
significant macroeconomic and socio-economic structural changes in recent years and provide a
more detailed insight than traditional methods.

In the study, the MMQR equation is formed as follows:
Qv (t/X;e) = (a; + 6;9(0) + Xie B + Ziyq (D) ©)

In Equation (3), X;; is the vector of GDP, GDPSQ, and ELC, which are explanatory
variables, while Qy(t/X;; ) show the quantile distribution (i) of the dependent variable of POL.

This study's small sample size necessitates the use of alternative and reliable methods, in
addition to MMQR, to enhance the reliability of the analysis results. For this reason, the study
employs fixed effects with Driscoll-Kraay standard errors (FE-DKSE) and the Augmented Mean
Group (AMG) estimators to gauge the robustness of the MMQR results. FE-DKSE is a very
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reliable method against heteroskedasticity, autocorrelation, and CSD, while AMG is a powerful
technique against SH and CSD.

4. Findings and Discussion

This study first estimated descriptive statistics that provide a priori information about the
variables in order to scrutinize the association between EPol and explanatory variables for the
TR90 region. So, Table 2 displays the results of descriptive statistics. GDP (GDPSQ) data has the
highest maximum value, whereas data with the lowest minimum value is POL. The POL data also
has the lowest standard deviation value. Chen-Shapiro (1995) normality test statistics
demonstrate that all variables, except for POL, do have a non-normal distribution. The non-
normal distribution of the data renders the utilization of quantile-based techniques a superior and
more efficacious methodology for the analysis process.

Table 2. Results of Descriptive Statistics

. . . Std. Chen-Shapiro
Variables Mean Median Max. Min. Dev. Normality Test
POL —0.068 -0.072 0.418 -0.462 0.175 -0.073
GDP 8.893 8.886 9.351 8.450 0.223 0.993**
GDPSQ 79.152 78.964 87.458 71.405 3.976 0.994**
ELC 7.403 7.419 7.882 6.480 0.284 0.995**

Note: ** represents statistical significance at 5% level.

Subsequently, in the study, slope coefficients were scrutinized by means of Delta (A test)
and Adjusted Delta (Eadj_) tests. Table 3 shows the results of the slope heterogeneity test. Given

the A and Eadj_ test results, Ho assuming the homogeneity of the panel was rejected. Accordingly,
it is observed that the panel was determined to be heterogeneous.

Table 3. Results of the Heterogeneity Test

Test Test Statistic p—value
A test 3.977x** 0.000
Ag;, test 4.871*** 0.000

Note: *** represents statistical significance at the 1% level.

CSD and unit root test results are presented in Table 4. Considering the CSD test outcomes,
the Ho assuming no—-CSD is rejected, and it suggests the presence of CSD in all variables. This
finding reveals that disturbances or shocks occurring in any city in the TR90 region spread and
affect other cities. The study used the CIPS unit root test to ascertain the degrees of integration of
the variables. Considering the CIPS test results, the Hoassuming that the panel has a unit root at
the level cannot be rejected, which suggests that all variables have a unit root at the level.
However, it was found that all variables become stationary at their first difference.
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Table 4. Results of Cross-Section Dependence Test and Unit Root Test

. CIPS Test
Variables CD Test p-value Cevel Tt difference
POL 2.263** 0.024 -1.609 —2.263*
GDP 14.999*** 0.000 -1.387 —3.584***
GDPSQ 14.997*** 0.000 -1.393 —3.579***
ELC 14.995*** 0.000 -1.897 —3.625***

Note: *** ** and * represent statistical significance at 1%, 5%, and 10% levels, respectively.

After determining the integration degrees of the variables, the study analyzed whether the
variables are cointegrated in the long-run. The cointegration relationship was estimated using LM
and DH tests. The bootstrap p-value should be considered for the LM test when there is the
existence of CSD, whereas the DHgroup test statistic should be regarded for the DH test when there
is the presence of slope heterogeneity. Table 5 presents the results of the panel cointegration test.
Given the bootstrap p-value in the LM test, the Ho indicating the validity of cointegration cannot
be rejected for the constant and, constant and trend models, indicating the presence of
cointegration. Similarly, considering the DHgroup test statistic, the Hoassuming no cointegration is
rejected, proving the existence of cointegration for the constant and, constant and trend models.
Thus, both cointegration tests confirm the long—run cointegration relationship among variables.

Table 5. Results of The Cointegration Test

LM Test Test Statistic Asymptotic p—value Bootstrap p—value
Constant 4.061 0.000 0.962
Constant and trend 13.317 0.000 0.539

DH Test DHgroup Test Statistic DHpanel Test Statistic
Constant —2.006** -1.660**
Constant and trend -1.822** -1.413*

Note: ** and * represent statistical significance at 5% and 10% levels, respectively.

In order to check the robustness of the MMQR results, this study utilizes various estimators
such as AMG and FE-DKSE. Table 6 displays the AMG and FE-DKSE estimation findings.
AMG and FE-DKSE results indicate that GDP has a positive and significant impact on EPol,
while the GDPSQ coefficient is negative and significant. These findings confirm the validity of
the EKC hypothesis. However, the AMG result shows that the impact of ELC on EPol is
insignificant, whereas the FE-DKSE result demonstrates that the impact of the ELC on EPol is
positive and significant.

Table 6. Results of AMG and FE-DKSE Estimation

AMG FE-DKSE
Variables Coeff. Std. Err. t—stats. Coeff. Std. Err. t—stats.
GDP 7.579* 3.915 1.94 18.895*** 6.150 3.07
GDPSQ —0.430* 0.221 -1.94 —1.065%** 0.344 -3.09
ELC 0.222 0.171 1.29 0.166*** 0.052 3.16

Note: *** and * represent statistical significance at 1% and 10% levels, respectively.

The coefficient estimation was conducted after confirming the long—run cointegration
relationship. Table 7 reports the MMQR results. Based on the MMQR findings, the GDP
coefficient was found to be positive and significant for the POL across all quantiles, but the
GDPSQ coefficient is negative and significant at all quantiles. These findings verify the validity
of the EKC hypothesis in the TR0 region. Additionally, for all quantiles, the findings show that
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the ELC coefficient is positive and significant for EPol, which shows that the increase in ECon
in the TR90 region increases EPol.

Table 7. Results of Quantile Regression Estimation (MMQR)

Variables Location Scale Quantiles

Q.25 Q50) Q.75) Q.90)
GDP 5.956 7.246* 18.441** 18.977*** 19.563*** 19.993**
GDPSQ -0.335 -0.407* —1.038** -1.070***  -1.106*** —1.132**
ELC 0.137* 0.123*** 0.158* 0.167*** 0.178** 0.185*

Note: *** ** and * represent statistical significance at 1%, 5%, and 10% levels, respectively.

The findings achieved in the present study support the validity of the EKC hypothesis,
which states that EPol increases initially, but following a turning point, starts to decrease with
increasing in income in the TR90 region. These results align with those of sub—national research
including Song et al. (2008), Andreoni and Levinson (2001), and Dinda (2004). More specifically,
an inverted U-shaped relationship is observed between per capita income and EPol for the six
cities in the study, while environmental pressure rises to a particular income level and then falls.
Thus, the first hypothesis of the study, “Hi: For the case of the TR90, the EKC hypothesis is
valid,” is accepted.

However, the results achieved in the present study do not align with those reported by
Bakirtas and Cetin (2017) and Kijima et al. (2010), who did not support the validity of the EKC.
This discrepancy highlights that evaluations of the EKC may vyield different results when
conducted at a subnational scale. The literature is anticipated to be greatly enhanced by regional
and local—scale evaluations for various nations and country groupings such as this study. In this
sense, comparing TR90 with Level-1 and Level-2 sub-regions offers valuable insights.

Moreover, this study clearly reveals a positive link between electricity use and EPol at the
regional level. It indicates that increased ECon in the TR0 region contributes to higher EPol.
The findings align with regional-scale studies confirming that higher ECon levels lead to
increased EPol. These results are also consistent with the general findings of Sumaira and
Siddique (2023) and Ibekilo et al. (2023). In other words, ECon in the TR90 region is identified
as a factor that exacerbates EPol. Therefore, the second hypothesis of the study, “H.: Energy
consumption increases the amount of municipal waste and hampers the environment in the case
of the TR90 region,” is acknowledged. However, recent development initiatives in the region are
expected to yield positive outcomes for maintaining and improving environmental quality in the
future. These results are consistent with the studies carried out by Armeanu et al. (2019) and
Anwar et al. (2021). Nonetheless, due to limited urban data, it was not possible to evaluate the
types of energy used in this study. Furthermore, examining factors influencing ECon levels on a
subnational scale could contribute to regional sustainable development.

5. Conclusion and Policy Recommendations

This study addressed the effects of EGr and ECon on EPol in Tiirkiye’s TR90 region for
the period 2007-2021 within the framework of the EKC hypothesis using the MMQR approach.
The results achieved in this study clearly confirmed the EKC hypothesis for the TR90 region.
That is, improvements in environmental quality can be achieved in the later stages of EGr once
income exceeds a certain threshold, even though EPol increases during the early stages of
economic development when income is low. Moreover, the results of the study indicate that ECon
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also exacerbates EPol at the regional level. From this aspect, this study suggests that in the context
of regional development, Tiirkiye should pursue policies tailored to the varying levels of regional
development rather than applying a uniform policy across all regions, as this can lead to erroneous
outcomes. Therefore, specific policy implementations based on the level of regional development
should be enacted in Tiirkiye.

So, it would not be an accurate approach to restrict economic activities to control EPol in
the TR90 region. Instead, focus should be placed on measures that enhance environmental quality,
including improving production efficiency, promoting sustainable production and consumption
patterns, afforestation activities, encouraging energy innovation, and adopting other eco—friendly
production. Moreover, active policies to increase environmental awareness and implement stricter
environmental regulations should be put into effect to achieve environmental sustainability in the
region.

This study also highlighted that the increase in ECon in the TR90 region has led to EPol
issues. Consequently, the growing energy demand poses threats to human health, nature, and
biodiversity. Ensuring a sustainable environment in the TR0 region requires the adoption of
clean energy sources, eco—friendly technology, and production methods. In this context,
particularly in the region, the promotion of a variety of renewable energy sources such as
hydropower plants, solar, and wind energy can play an important role in achieving a sustainable
future. Thus, the consumption of renewable energy in this region will help mitigate environmental
adversities and ensure energy security to the extent that it reduces dependency on fossil fuels. It
underscores the necessity of policymakers developing region-specific policies regarding energy
R&D and energy substitution to reduce EPol in the region.

However, the study has some restrictions. First, the study period is restricted to the years
2007-2021, owing to data limitations. Therefore, the small sample size of the study highlights the
importance of caution in generalizing the results of the analysis. Second, this study only
investigates the effects of EGr and ECon on EPol in the TR90 region, excluding other regions of
Tiirkiye. Third, due to data limitations, no distinction could be made between renewable and non—
renewable energy usage. As economic and ecological disparities between regions in Tiirkiye
become increasingly apparent, it would be important to study the spatial-temporal characteristics
of the growth—energy—pollution relationships more comprehensively. Finally, future studies could
explore the effects of various factors such as EGr, ECon, education, exports, technology, and
population on EPol for different regions of Tiirkiye. Despite the existing data and methodological
limitations, this study can be considered a pioneering step in understanding the linkages between
regional environment, energy, and economy. In this context, the study might inspire future
research that can be supported by expanded datasets and comprehensive regional comparative
analyses.
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Abstract

The research is a behavioral finance-based study that examines the financial
difficulties experienced by minimum wage earners in Turkey from a psychological
perspective. In this context, the study explains the financial difficulties experienced
by minimum wage earners based on the theory of relative deprivation. The aim of
the study is to determine the financial difficulties experienced by minimum wage
earners and the psychological effects of this situation. To achieve this goal, the
study examines the serial mediator role of financial self-efficacy and financial
anxiety in the relationship between relative financial deprivation and financial
satisfaction. In this context, a survey was conducted among 633 minimum wage
earners in Turkey. The findings of the study indicate that minimum wage earners in
Turkey experience relative financial deprivation, which in turn reduces their
financial satisfaction. Furthermore, the study revealed that financial self-efficacy
and financial anxiety act as mediators in the relationship between relative financial
deprivation and financial satisfaction, with each acting independently. However,
the study also demonstrated that financial self-efficacy and financial anxiety do not
act in a serial mediation role in the relationship between financial deprivation and
financial satisfaction.

Oz

Arastirmamiz Tiirkiye’deki asgari ticretlilerin yasadig1 finansal sikintilari psikolojik
acidan inceleyen davranigsal finans temelli bir arastirmadir. Bu kapsamda
calismamiz asgari licretlilerin yasadig1 finansal sikintilart goreli yoksunluk teorisine
dayandirarak agiklamaktadir. Calismanin amaci asgari iicretlilerin yasadig: finansal
sikintilarin - ve  bu durumun yarattigt psikolojik etkilerin neler oldugunu
belirlemektir. Bu amaca ulasmak i¢in ¢aligmada goreli finansal yoksunluk ve
finansal memnuniyet arasindaki iliskide finansal 6z yeterlilik ve finansal kayginin
seri aract rolii incelenmektedir. Bu baglamda Tiirkiye’de asgari iicretle ¢alisan 633
kisiye anket yapilmistir. Arastirmanin sunucunda Tirkiye’de c¢alisan asgari
ticretlilerin goreli finansal yoksunluk yasadigi ve goreli finansal yoksunlugun
finansal memnuniyeti azalttig1 tespit edilmistir. Ayrica goreli finansal yoksunluk ve
finansal memnuniyet arasindaki iliskiye finansal 6z yeterliligin ve finansal kayginin
ayr1 ayrl modellerde araci rol iistlendigi goriilmiistiir. Ancak aragtirmada, finansal
yoksunluk ve finansal memnuniyet arasindaki iliskide finansal 6z yeterlilik ile
birlikte finansal kayginin seri aracilik etkisinin bulunmadig1 da ulasilan bir baska
sonugtur.
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1. Introduction

Minimum wage earners represent the lowest-paid labor force in Turkey. This group
constitutes approximately 50 percent of the working population (Cimrin et al., 2023). In Turkey,
a country that has experienced high inflation in recent years, the government has adopted a
policy of not allowing wage earners to be unduly affected by inflation. However, it is
considered that wages in general and minimum wage in particular are not satisfactory by
employees. As with many wage earners in general, minimum wage workers tend to compare
their financial situation with others. This situation may result in financial anxiety (FA) and
financial dissatisfaction. In this study, it is evaluated that minimum wage earners in Turkey may
face the problem of relative financial deprivation (RFD), financial dissatisfaction, and financial
anxiety even if they have financial self-efficiency.

Financial satisfaction (FS) is defined as the subjective evaluation of the satisfaction or
dissatisfaction of financial resources (Hira and Mugenda, 1998). Financial satisfaction is an
important phenomenon for minimum wage earners as well as for all employees. In the relevant
literature, it is suggested that there are many factors that affect financial satisfaction (Asebedo
and Payne, 2019). One of these factors is financial deprivation. Financial deprivation is an
emotionally distressing state of mind that arises from the perception that one's financial
circumstances are unfavorable in comparison to one's past financial situation or that of others
(Sharma and Alter, 2012). Indeed, the impact of relative financial deprivation on financial
satisfaction has been the subject of investigation in a number of studies in the literature. In these
studies, it has been observed that relative financial deprivation negatively affects financial
satisfaction (Hastings, 2019; Mahmoud et al., 2022). Conversely, another variable that affects
financial satisfaction is financial anxiety, which is defined as an emotional state in which a
person feels depressed or worried about their financial situation (Zhang et al., 2023). There is a
body of literature that indicates that financial anxiety has a negative effect on financial
satisfaction (Archuleta, 2020). Similarly, another concept that is claimed to have an effect on
financial satisfaction is financial self-efficacy. In the relevant literature, it has been suggested
that there is a positive relationship between financial self-efficacy and financial satisfaction
(Payne and Asebedo, 2017).

The study starts from the premise that minimum wage earners in Turkey are dissatisfied
with their financial situation compared to other wage earners, likely due to recent issues with
purchasing power. It was thought that this dissatisfaction may be linked to relative financial
deprivation, financial anxiety, and financial self-efficacy (FSE). Thus, it was decided to prepare
this study to scientifically demonstrate the psychological consequences caused by financial
difficulties.

In light of the economic challenges faced by minimum wage earners during the global
and Turkish economic crisis, it is important to understand how they cope with financial
deprivation and anxiety. International literature has examined the connections between financial
self-efficacy and financial anxiety (Kim et al., 2020), as well as the association between relative
financial deprivation, financial anxiety, and financial satisfaction (Mahmoud et al., 2022).
However, no study has yet examined the relationship between these four variables in the context
of the psychological effects of the financial situation of minimum wage earners in Turkey.
Therefore, this study is significant in revealing the psychological consequences of the financial
difficulties experienced by minimum wage earners. This study hypothesizes that the financial
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satisfaction of minimum wage earners in Turkey will be reduced due to relative financial
deprivation and financial anxiety. Additionally, financial self-efficacy is expected to play a
significant role in this relationship. However, this study is also significant in highlighting the
adverse psychological impact of financial hardship on minimum wage earners in Turkey. The
study's findings can inform policymakers in developing solutions to address this issue.

Based on the conceptual relationships emphasized above and the importance of the
subject, the aim of this study is to examine the effect of relative financial deprivation on the
financial satisfaction of minimum wage earners in Turkey and the serial mediating role of
financial anxiety and financial self-efficacy in this effect. For this purpose, firstly a literature
review was conducted in the study, and concepts were introduced and conceptual relationships
were written. Then, the data obtained from minimum wage workers were analyzed with Amos
22, SPSS 26, and Process Macro 2.16 programs and the hypotheses were tested.

2. Literature Review

The current research is informed by the theoretical framework of Relative Deprivation
Theory. In accordance with the theory developed by Runciman (1966) and Crosby (1976), the
individual subjectively assesses their disadvantaged circumstances by comparing them with
those of others. This situation gives rise to a cognitive awareness of the disadvantaged position
of the individual. Crosby (1976) identified five distinct preconditions that contribute to the
emergence of relative deprivation. These are (I) the individual's awareness that others possess
the desired outcome, (1) the individual's desire to possess the desired outcome, and (I11) the
individual's belief that they are entitled to possess the desired outcome. (IV) the individual's
perception that he/she can attain the desired outcome, and (V) the individual's belief that the
reason for not attaining the desired outcome is not due to the individual but to other people or
the existing system. As can be discerned from the five prerequisites, relative deprivation
encompasses cognitive and justice-based emotional dimensions shaped by perceptual processes
and subjective evaluations. It has been frequently observed that perceived deprivation reduces
people's satisfaction with their life circumstances and causes depressive feelings (Lyubomirsky,
2001). A decline in satisfaction with life circumstances may lead to a decline in financial
satisfaction by taking the form of relative financial deprivation arising from financial situations.

Relative financial deprivation is related to how individuals perceive their financial
situation compared to others (Mahmoud et al., 2022). According to Sharma and Alter (2012),
relative financial deprivation is a state of feeling psychologically unwell due to the belief that
one's financial situation is bad by comparing one's financial situation with one's past financial
situation or with others. On the other hand, financial satisfaction is a subjective measure of
financial well-being (Xiao and Porto, 2017) and involves subjective assessments of whether
financial resources are sufficient or insufficient, or whether they satisfy or dissatisfy the
individual (Hira and Mugenda, 1998). Individuals experiencing relative financial deprivation
perceive their financial resources as relatively insufficient and believe that they are financially
deprived. In this study, it is predicted that minimum wage earners in Turkey will tend to
compare themselves to people with higher incomes and this will negatively affect their financial
satisfaction. Previous empirical studies support that relative financial deprivation negatively
affects financial satisfaction. For example, Mahmoud et al. (2022) found that the relationship
between financial deprivation and financial satisfaction is negatively significant. Hastings

765



G. Ersar1 Tagkesen & K. Karacaoglu, “Relative Financial Deprivation and Financial Satisfaction among
Minimum Wage Earners in Tiirkiye: A Serial Mediation Analysis”

(2019) also found that an increase in income inequality significantly reduces financial
satisfaction due to feelings of relative deprivation. Hira and Mugenda (1998) confirmed that
financial satisfaction decreases as relative deprivation increases for both retirees and non-
retirees. In addition, an individual's sense of having fewer financial resources than others and
experiencing relative financial deprivation may have a negative impact on their financial self-
efficacy. The individual's inability to achieve his/her financial goals will lead to feelings of
financial inadequacy. Because having fewer financial resources affects the individual
negatively, this situation may also lead to a decrease in financial self-efficacy. Consequently, it
is anticipated that relative financial deprivation will have a detrimental effect on financial self-
efficacy.

As evidenced by the studies referenced above, relative financial deprivation is associated
with diminished financial satisfaction and self-efficacy. Furthermore, relative financial
deprivation is a significant predictor of financial anxiety. According to Marx (1902), a house
can be small or big. What matters here is the size of the neighbor's house. If the neighbor's
house is like a palace, the small house is perceived as a hut (Hastings, 2019). Duesenberry
(1949) posited that income is inherently unstable, whereas consumption is relatively stable. Put
differently, even if a family's income declines, they will not choose to live a life below their
established standard of living. Consequently, individuals experiencing financial deprivation will
strive to maintain a standard of living that aligns with their aspirations and may resort to
borrowing if necessary. This can give rise to feelings of financial anxiety. These ideas suggest
that individuals will experience relative financial deprivation by comparing themselves with
others. Consequently, as financial deprivation increases, financial anxiety will also increase.

Financial anxiety is a concept that essence of financial stress (Adinda et al., 2023).
Research suggests that financial stress and financial anxiety have an impact on financial
satisfaction. Joo and Grable (2004) found an adverse correlation between financial stress and
financial satisfaction. In their study of university students Archuleta et al. (2013) found a
negative correlation between financial anxiety and financial satisfaction. However, Mahmoud et
al. (2022) did not reveal a meaningful relationship between financial anxiety and financial
satisfaction in their research. Based on the literature, it is expected that a negative correlation
exists between financial anxiety and financial satisfaction.

Another variable of the study is financial self-efficacy, which refers to an individual's
confidence in their ability and knowledge of financial management (Farrell et al., 2016; Ismail
et al., 2017). Individuals who possess financial self-efficacy are better equipped to handle stress
and anxiety caused by negative financial events (Asebedo and Payne, 2019). For instance, Kim
et al. (2020) discovered a significant negative correlation between financial self-efficacy and
financial anxiety in their study of African refugees. Similarly, Lee et al. (2023) also observed a
negative correlation between financial self-efficacy and financial anxiety. Therefore, based on
this study, we expect a significant negative correlation between financial self-efficacy and
financial anxiety.

Individuals who possess high levels of financial self-efficacy tend to demonstrate superior
financial performance, as they exhibit greater confidence in attaining their financial objectives
(Farrell et al., 2016). Consequently, this circumstance enhances the financial satisfaction of
individuals. Individuals with high financial self-efficacy demonstrate enhanced resilience in the
face of stress and depression, along with greater job satisfaction (Mubarik et al., 2020). Prior
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empirical research has also indicated that financial self-efficacy exerts an influence on financial
satisfaction (Lee and Dustin, 2021; Kumar et al., 2023). Asebedo and Payne (2019) posited that
there is a positive correlation between financial self-efficacy and financial satisfaction.
Consequently, it is anticipated that an increase in financial self-efficacy will result in an
enhancement of financial satisfaction.

The present study posits that relative financial deprivation will have a negative impact on
financial satisfaction. In addition, firstly, it is hypothesized that financial self-efficacy will
mediate the relationship between relative financial deprivation and financial satisfaction.
Secondly, it is hypothesized that financial anxiety will mediate the relationship between
financial deprivation and financial satisfaction. Finally, it is claimed that financial self-efficacy
and financial anxiety will have a serial mediation effect on the effect of relative financial
deprivation on financial satisfaction. Based on this information, the following hypotheses were
developed.

Hypothesis 1 (H1): Financial self-efficacy mediates the relationship between relative
financial deprivation and financial satisfaction (mediation model 1). Specifically, relative
financial deprivation is negatively related to financial self-efficacy (H1a), while financial self-
efficacy is positively related to financial satisfaction (H1b). Additionally, there is a negative
correlation between relative financial deprivation and financial satisfaction (H1c).

Hypothesis 2 (H2): Financial anxiety mediates the relationship between relative financial
deprivation and financial satisfaction (mediation model 2). Specifically, relative financial
deprivation is positively related to financial anxiety (H2a), while financial anxiety is negatively
related to financial satisfaction (H2b). Additionally, there is a negative correlation between
relative financial deprivation and financial satisfaction (H2c).

Hypothesis 3 (H3): Financial self-efficacy and financial anxiety will serially mediate the
relationship between relative financial deprivation and financial satisfaction (serial mediation
model 3). Financial anxiety will have a negative relationship with financial self-efficacy (H3a).

3. Methods
3.1. Research Sample and Data Collection

This cross-sectional study examines the psychological aspects of financial difficulties
faced by minimum wage earners in Turkey. The study collected data from 633 participants
through a questionnaire to gain insight into the views of a large segment of employees over a
certain period of time. Approval was acquired from the ethics committee commission
authorized by the institution before collecting the data for this study. Participants were selected
using the snowball sampling method. The study includes individuals who are 18 years of age or
older and work for minimum wage in any workplace. As of July 2023, the minimum wage in
Turkey was 11,402,32 TL net, which is approximately 423 USD.

The study found that 57.8% of the participants were male and 42.2% were female. In
terms of marital status, 44.4% of the respondents were married and 55.6% were single. The age
distribution of the respondents was as follows: 35.4% were under the age of 25, 29.9% were
between the ages of 26-35, 23.5% were between the ages of 36-45, 8.1% were between the ages
of 46-55, and 3.2% were aged 56 and over. With regard to education level, 31.6% of the
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employees were high school graduates and 30.8% were bachelor's degree graduates.
Additionally, 50.7% of the employees have less than 5 years of experience in the sector.

The surveys underwent a series of stages prior to administration to the participants.
Initially, data collectors were instructed on the survey questions and the data collection
procedure. Furthermore, a conceptual understanding of each question was ensured to ensure
consistency and equivalence between different language versions of the survey. The original
English scales were translated into Turkish with the assistance of experts in the field. Finally,
before answering the questions, participants were informed about the concepts included in the
survey. It was ensured that the questions included in the survey were understood by the
respondents.

3.2. Measures

The study employed generalized scales that have been used in numerous previous studies
across various groups. To ensure accuracy and validity, the scales underwent rigorous testing
for both reliability and validity. The research scale is comprised of five distinct sections. The
initial section comprises five inquiries pertaining to demographic characteristics, including
gender, educational attainment, age, marital status, and occupational hours. In the second part of
the scale, six items were employed to assess financial satisfaction, which serves as the
dependent variable in the research (1. Regular monetary savings. 2. Current debt level, etc.)
(Hira and Mugenda, 1998). The financial satisfaction scale was subjected to two distinct
analytical techniques: exploratory factor analysis and confirmatory factor analysis. The results
of the analysis indicated that the factor loadings of all items were above 0.60. The fit indexes of
the scale were found to be within acceptable limits, with values for CMIN/DF (3.771), GFlI
(0.985), CFI (0.987), RMSEA (0.066), and SRMR (0.023) falling within the recommended
range. In the third section, the financial self-efficacy scale, which is the first mediator variable
of the research, is included. The financial self-efficacy scale comprises a total of five items (1. |
am fully capable of making personal financial decisions, 2. | am confident in my ability to make
personal financial decisions, etc.) (Dare et al., 2023). The factor analysis conducted on the
financial self-efficiency scale revealed that the factor loading of the third item (FSE3) was
below 0.50. Consequently, item FSE3 was removed from the scale. Analyses for financial self-
efficiency continued with four items. The fit indexes of the scale (CMIN/DF= 4.147; GFI=
0.997; CFI= 0.997; RMSEA= 0.071; SRMR= 0.009) are within acceptable limits. The fourth
section of the study comprises the financial anxiety scale, which represents the second mediator
variable. The financial anxiety levels of minimum wage earners were gauged through responses
to seven items (1. | feel anxious about my financial situation. 2. | have difficulty sleeping
because of my financial situation, etc.) (Archuleta et al., 2013). The results of the analyses
indicated that the fit indexes of the scale (CMIN/DF= 3.964; GFI= 0.979; CFI= 0.990;
RMSEA= 0.068; SRMR= 0.016) were within the acceptable limits.

3.3. Scale Validity and Reliability Analysis Results

As one of the prerequisites for determining the statistical analyses to be used, it is
important to know whether or not the data are normally distributed. In this sense, in order to
apply parametric analysis techniques, the data must be normally distributed or have a
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distribution close to normal (Geisser and Johnson, 2006). In this sense, missing data that disrupt
the general order of the scales used in the research were first checked, and then the kurtosis and
skewness scores were used to assess whether the data set met the normal distribution condition.
For exploratory and confirmatory factor analyses, skewness and kurtosis values between -3 and
+3 are considered acceptable for normal distribution (Shao, 2002). On the other hand, the fact
that the absolute value of the skewness is below 3 and the absolute value of the kurtosis is
below 10 reveals that there is a distribution close to the normal distribution (Kline, 2016). The
financial anxiety scale has a skewness value of (0.50) and a kurtosis value of (0.67), while the
financial satisfaction scale has a skewness value of (0.37) and a kurtosis value of (0.44). The
financial self-efficacy scale has a skewness value of (0.33) and a kurtosis value of (0.163). The
relative financial deprivation scale has a skewness value of (0.09) and a kurtosis value of (0.44).
The data met the normal distribution condition as the kurtosis and skewness values of the scales
were within the specified ranges. Therefore, the appropriate conditions for parametric analyses
were met.

Table 1. Scale Validity and Reliability Analysis Results

Variables a CR AVE MSV AsSV VAVE
Relative financial deprivation 0.81 0.87 0.56 0.35 0.20 0.75
Financial self-efficacy 0.84 0.90 0.64 0.17 0.18 0.80
Financial anxiety 0.94 0.95 0.74 0.35 0.22 0.86
Financial satisfaction 0.87 0.90 0.61 0.30 0.24 0.78

The reliability of the financial anxiety, financial satisfaction, financial self-efficacy, and
relative financial deprivation scales was analyzed using Cronbach's alpha and CR values. Alpha
values and CR values are required to be above 0.70. When the alpha and CR values of the scales
related to the variables are examined, it is seen that all values are above 0.70. Therefore, looking
at the results in Table 1, we can say that the scales are reliable. To determine convergent and
discriminant validity, the AVE, MSV, and ASV values of the variables were calculated. To
maintain discriminant validity, MSV and ASV should be smaller than AVE, and the inter-factor
correlation should be less than the square root of AVE. In order to demonstrate convergent
validity, the AVE must be greater than 0.50, while the CR must be greater than 0.70 and the CR
must be greater than the AVE. In order to demonstrate discriminant validity, the MSV must be
less than the AVE, the ASV must be less than the AVE, and the VAVE must be less than the
correlation between factors (Hair et al., 2021). When we look at Table 1, it is seen that the AVE
values are lower than the CR values and the AVE values are above 0.50. According to these
results, the variables have convergent validity. On the other hand, the fact that the AVE values
of the variables are higher than the MSV and ASV values shows that the variables also have
discriminant validity. In addition, the fact that the VAVE scores of the variables are higher than
the correlations between the factors is another indicator that the scales have discriminant
validity.

3.4. Data Analysis

This study examined whether there is a serial mediation effect of financial self-efficacy
and financial anxiety on the effect of relative financial deprivation experienced by minimum
wage earners on financial satisfaction. The independent variable of the study is relative financial
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deprivation (X), the dependent variable is financial satisfaction (), and the mediator variables
are financial self-efficacy (M1) and financial anxiety (M2). Amos 22, SPSS 26 and Process
Macro 2.16 programs were used in the analysis of the data. Descriptive statistics, correlation
and multivariate relationships related to the study were evaluated using SPSS 26 (IBM Corp.
Released, 2016). Amos 22 program was used to ensure the reliability and validity of the scales.
The mediation effects of the variables in the model were analyzed using Process Macro 2.16,
created by Hayes (2013). This tool is particularly beneficial for mediation analysis as it allows
for a single-test approach to assess the significance of mediation effects (Hayes, 2013).
Specifically, Process Macro evaluates the direct impact of X (relative financial deprivation) on
Y (financial satisfaction) and the indirect impact of X on Y through M (financial anxiety or
financial self-efficacy). To estimate the mediating effects of financial anxiety and financial self-
efficacy on the link between relative financial deprivation and financial satisfaction, 5,000
bootstrap samples were utilized, and 95% confidence intervals (CI) were calculated.

In the study, firstly, the mediating effect of financial self-efficacy on the effect of relative
financial deprivation on financial satisfaction (Model 1) was examined. Then, the mediating
effect of financial anxiety on the effect of relative financial deprivation on financial satisfaction
(Model 2) was examined. Finally, the serial mediating effect of financial self-efficacy and
financial anxiety on the effect of relative financial deprivation on financial satisfaction (Serial
Mediation Model 3) was analyzed.

4. Findings of the Research
4.1, Correlation Results

Table 2 presents the means (M), standard deviations (SD), and correlation r-values for the
variables. Upon analysis of the mean values presented in Table 2, it becomes evident that the
financial anxiety of minimum wage earners (3.46) is above the average. This outcome is
consistent with expectations, indicating that minimum wage earners experience financial
anxiety due to their low income. The average of financial satisfaction, another variable
presented in Table 2, is (2.42). This value demonstrates that the financial satisfaction of
minimum wage employees is below the average. In other words, this result indicates that
employees are not financially satisfied. When the means of both financial self-efficacy (3.09)
and relative financial deprivation (3.25) were examined, it was understood that both were at a
moderate level. This suggests that the financial self-efficacy level of minimum wage employees
is not as low as anticipated, and they experience relative financial deprivation to a limited
extent.

Table 2. Descriptive Statistics and Correlations

Variables M SD 1 2 3 4
Relative financial deprivation 3.25 0.91 -

Financial self-efficacy 3.09 0.91 -0.15** -

Financial anxiety 3.46 1.09 0.59** -0.07 -

Financial satisfaction 2.42 0.93 -0.48** 0.42**  -0.55** -

Note: N= 633, *p<.05, **p<.01.
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When the correlation relations for the variables of the study were examined, it was
determined that relative financial deprivation had a moderate negative significant relationship
with financial satisfaction (r = -0.48, p<.01) and a weak negative significant relationship with
financial self-efficacy (r = -0.15, p<.01). However, it was observed that there was a moderate
positive significant relationship between relative financial deprivation and financial anxiety (r =
0.59, p<.01). In other words, as expected, while the financial anxiety of those experiencing
relative financial deprivation increased, their financial self-efficacy and financial satisfaction
decreased. In addition, while there was a moderate positive significant relationship between
financial self-efficacy and financial satisfaction (r = 0.42, p<.01), there was a moderate negative
significant relationship between financial anxiety and financial satisfaction (r = -0.55, p<.01). In
other words, while financial self-efficacy positively affected financial satisfaction, financial
anxiety negatively affected financial satisfaction.

4.2. Testing Research Hypotheses
4.2.1. Model 1 Results (RFD>FSE->FS)

In Model 1, it was examined whether there was a mediating effect of financial self-
efficacy on the effect of relative financial deprivation and financial satisfaction. Process Macro
Model 4 was used to test the mediation relationship shown in Figure 1. As a result of the
analyses, it was found that financial self-efficacy had a mediating effect on the relationship
between relative financial deprivation and financial satisfaction.

Financial Self-Efficacy(h)

R=0,02

a=-0.13*%
/ b=0.36%*

e -
Eelative Financial Financial Satisfaction{Y)
Deprivation(X}) [~ 7""TTTTTTTTooTTToosooooooooooooooes Ba

R=033

Figure 1. The Relationship Between Relative Financial Deprivation with Financial Satisfaction, and
the Mediating Role of Financial Self-Efficacy (Model 1)

Figure 1 shows that (c) the direct effect of relative financial deprivation on financial
satisfaction is negative and significant ( = -0.44, p<.001). Secondly, the (a) path was examined
and it was found that the direct effect of relative financial deprivation on financial self-efficacy
was negative and significant (f = -0.15, p<.001). Then, the (b) path was examined and it was
understood that the direct effect of financial self-efficacy on financial satisfaction was also
positive and significant (f = 0.36, p<.001). After the significant results obtained, regression
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analysis was conducted with the Bootstrapping method to understand whether there was a
mediation effect. The results obtained from the bootstrapping analysis (Table 3) showed that the
indirect effect of relative financial deprivation on financial satisfaction was significant since the
95% confidence intervals (CI) did not include zero (0) (B = -0.054, 95% CI [-0.09, - 0.02]).
According to this result, the relationship between relative financial deprivation and financial
satisfaction is mediated by financial self-efficacy. Accordingly, the hypothesis (H1) that
financial self-efficacy will mediate the relationship between relative financial deprivation and
financial satisfaction (Model 1) was accepted. In addition, the hypotheses (H1a) relative
financial deprivation will be negatively related to financial self-efficacy; (H1b) financial self-
efficacy will be positively related to financial satisfaction; and (H1c) relative financial
deprivation will be negatively related to financial satisfaction were also accepted.

4.2.2. Model 2 Results (RFD>FA->FS)

Model 2 aimed to test whether financial anxiety mediates the effect of relative financial
deprivation on financial satisfaction. As shown in Figure 2, financial anxiety has a significant
mediating effect on the relationship between relative financial deprivation and financial
satisfaction.

Financial Anxiety(M)

/ RI1=035

b=-0,35%*

Eelative Financial

Deprivation(X) |fommo oo » Financial Satisfaction(Y)

R*=0,34

Figure 2. The Relationship Between Relative Financial Deprivation with Financial Satisfaction, and
the Mediation Role of Financial Anxiety (Model 2)

When the relationship between the variables is examined in detail, it is seen that (c’) the
direct effect of relative financial deprivation on financial satisfaction is significant ( = -0.25,
p<0.001). However, it is found that (a) the direct effect of relative financial deprivation on
financial anxiety is positive (f = 0.71, p<0.001) and (b) the direct effect of financial anxiety on
financial satisfaction is negative (B = -0.35, p<0.001). After these results are obtained, the
mediation test is performed by selecting 5000 resample options and Model 4 with the Bootstrap
technique. Since the results obtained from the bootstrapping analysis (Table 3) do not include
zero (0) in the 95% confidence interval (Cl), it was understood that the indirect effect of relative
financial deprivation on financial satisfaction was also significant (f = -0.25, 95% CI [-0.30, -
0.19]). Based on these results, it can be said that financial anxiety mediates the relationship
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between relative financial deprivation and financial satisfaction. Accordingly, hypothesis H2:
financial anxiety will mediate the relationship between relative financial deprivation and
financial satisfaction (Model 2) was accepted. However, the hypotheses (H2a) relative financial
deprivation will be positively related to financial anxiety; (H2b) financial anxiety will be
negatively related to financial satisfaction; and (H2c) relative financial deprivation will be
negatively related to financial satisfaction; were also accepted.

4.2.3. Model 3 Results (RFD>FSE->FA->FS)

Model 3 tests whether financial self-efficacy and financial anxiety have a serial mediating
role in the relationship between relative financial deprivation and financial satisfaction.

Finanecial Self-Efficacy az=10.03 Finanecial Anxiety{M2)
(ML)

v

T
R%=0.02 R1=0.33

b=-0.36%*

ar=-0.15%*
a=0.71** by=0377%
L.v’ . . - -
Relative Financial _ | Financial Satisfaction
Dsprixationcy) i
c1=-0,18%*

R=047

Figure 3. The Serial Mediating Role of Financial Self-Efficacy and Financial Anxiety in the
Connection Between Relative Financial Deprivation with Financial Satisfaction (Model 3)

Process Macro Model 6 was used to test whether there is a serial mediation effect of
financial self-efficacy and financial anxiety in the relationship between relative financial
deprivation and financial satisfaction shown in Figure 3. The results of the serial mediation
effect analysis indicated that the path estimates provided partial support for our hypotheses. As
seen in Figure 3, the direct effect of (c1) relative financial deprivation on financial satisfaction (8
=-0.18, p<.001), (a1) relative financial deprivation on financial self-efficacy (B = -0.15, p<.001)
and (a2) relative financial deprivation on financial anxiety (B = 0.71, p<.001) is significant.
However, (by) financial self-efficacy on financial satisfaction (f = 0.37, p<.001); and (b>) the
direct effect of financial anxiety on financial satisfaction (B = -0.36, p<.001) was found to be
significant. However, (as) the direct effect of financial self-efficacy on financial anxiety (p =
0.03, p>.05) was not significant. In addition, the results obtained from the Bootstrapping
analysis (Table 3) showed that the indirect effect of relative financial deprivation on financial
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satisfaction was not significant because the 95% confidence intervals (CI) included zero (0) ( =
-0.01, 95% CI [-0.01, 0.01]). According to this result, (H3): both financial self-efficacy and
financial anxiety will serially mediate the relationship between relative financial deprivation and
financial satisfaction (Model 3) was rejected. In addition, (H3a) was rejected because the
relationship between financial self-efficacy and financial anxiety was not significant.

Table 3. Direct and Indirect Effects of X on Y

Effect SE T LLCI ULCI
Direct Effect of X on Y
(Model 1) RFD > FS -0.44 0.03 -13.22 -0.51 -0.38
(Model 2) RFD > FS -0.24 0.04 -5.94 -0.33 -0.16
(Model 3) RFD > FS -0.18 0.04 -4.88 -0.26 -0.11
Effect BootSE BootLLCI BootULCI
Indirect Effect of X on Y
(Model 1) RFD > FSE > FS -0.05 0.02 -0.09 0.01
(Model 2) RFD > FA > FS -0.25 0.03 -0.30 -0.20
(Model 3) RFD > FSE> FS -0.06 0.02 -0.09 0.02
(Model 3) RFD > FA > FS -0.26 0.03 -0.31 -0.21
(Model 3) RFD > FSE > FA > FS -0.01 0.01 -0.01 0.01

Note: RFD: Relative financial deprivation, FS: Financial satisfaction, FSE: Financial self-efficacy, FA:
Financial anxiety.

5. Discussion and Implications

This study explains the issue within the framework of relative deprivation theory by
selecting variables proposed by previous research (Mathur and Kasper, 2019; Kim, 2020;
Mahmoud et al., 2022). The present study aims to explain the financial behavior of minimum
wage earners within the relative deprivation theory. To demonstrate the application of the
relative deprivation theory, a limited number of variables were derived from each component of
the conceptual model. Based on the model, hypotheses related to relative financial deprivation,
financial anxiety, financial satisfaction, and financial self-efficacy were developed and tested
using data obtained from minimum wage earners working in Turkey.

The aim of this article is to enhance the existing literature by examining the impact of
relative financial deprivation on financial anxiety, financial self-efficacy, and financial
satisfaction among minimum-wage workers in Turkey. The study analyzed the direct
relationships between relative financial deprivation, financial satisfaction, financial anxiety, and
financial self-efficacy. The study tested separately the mediating effects of financial anxiety and
financial self-efficacy on the relationship between relative financial deprivation and financial
satisfaction. Additionally, the serial mediation effect of financial self-efficacy and financial
anxiety on the relationship between relative financial deprivation and financial satisfaction was
analyzed.

In general, the analysis of the research findings suggests that minimum wage earners in
Turkey experience relative financial deprivation. This is expected in countries with high-income
inequality. Additionally, minimum wage earners in Turkey report low financial satisfaction and
experience financial anxiety. However, contrary to expectations, the research concludes that
their financial self-efficacy is not low. The results of our research partly confirmed our
hypotheses. We found that relative financial deprivation has a significant negative impact on
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financial satisfaction and financial self-efficacy, but a significant positive impact on financial
anxiety. However, the relationship between financial self-efficacy and financial anxiety is
statistically insignificant.

When the mediation relationships are examined, the mediation effect of financial self-
efficacy in the relationship between relative financial deprivation and financial satisfaction is
found to be significant. Although theories and general expectations show that the financial self-
efficacy of minimum wage earners will be low, statistical results show that minimum wage
earners in Turkey have financial self-efficacy despite everything. This situation has affected the
mediation role of financial self-efficacy in the relationship between relative financial
deprivation and financial satisfaction. This finding is one of the most striking results of the
study. Because minimum wage earners feel financially self-efficacy despite everything. The fact
that some of the minimum wage earners have a high level of education has been effective in the
emergence of this result. Because a large number of university graduates in Turkey have started
working for minimum wage. Another reason why minimum wage earners have financial self-
efficacy is that they do not have to live only on minimum wage and may have other side
incomes.

The study found that financial anxiety mediates the relationship between relative financial
deprivation and financial satisfaction. This suggests that relative financial deprivation decreases
financial satisfaction while increasing financial anxiety. Therefore, these findings demonstrate
that the financial satisfaction of minimum wage earners in Turkey is reduced due to relative
financial deprivation, which in turn increases financial anxiety and negatively impacts their
mental health. These results are particularly noteworthy given that approximately 50% of the
working population in Turkey are minimum wage earners. The continuous and high rate of price
increases may contribute to the emergence of financial anxiety. The recent high inflation rate
and the resulting decrease in purchasing power may contribute to financial anxiety among
minimum wage earners.

Finally, the study found that the serial mediating role of financial self-efficacy and
financial anxiety in the relationship between relative financial deprivation and financial
satisfaction was insignificant. These results suggest that while relative financial deprivation
negatively affects financial satisfaction, the introduction of financial anxiety as another negative
factor further reduces financial satisfaction. Financial satisfaction is negatively affected by
relative financial deprivation. However, high levels of financial self-efficacy also reduce
financial satisfaction, and therefore the expected mediation effect does not emerge.

The findings of this study are consistent with the findings of previous research. Mahmoud
et al. (2022), Hastings (2019), and Hira and Mugenda (1998) reported a negative correlation
between relative financial deprivation and financial satisfaction. Kumar et al. (2023) and
Asebedo and Payne (2019) found that self-efficacy has an impact on financial satisfaction. Kim
et al. (2020) and Lee et al. (2023) found a negative relationship between financial self-efficacy
and financial anxiety. Additionally, Joo and Grable (2004) demonstrated that financial stress
can reduce financial satisfaction.

Our study makes several contributions to the literature. This article has drawn attention to
the psychological effects of income inequality by focusing on feelings of relative financial
deprivation and financial satisfaction. Thus, the results of this study have brought to light the
psychological consequences of the economic hardship experienced by minimum wage earners
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in Turkey, such as financial anxiety. The existing literature has often implied that income
inequality, experienced by minimum wage earners who experience a feeling of relative financial
deprivation, may also cause various social problems. In addition, this study has enabled the
modeling of complex relationships that have not been modeled in the literature before, with the
advanced statistical methods used.

In conclusion, financial deprivation has a negative impact on financial satisfaction and
self-efficacy, while increasing financial anxiety. It is evident that minimum wage earners in
Turkey experience financial deprivation, which in turn decreases their financial satisfaction and
increases their financial anxiety. The current situation indicates that there are economic and
psychological challenges being faced. Urgent action is required to address this issue. The
government should first increase the salaries of minimum wage earners at the rate of inflation.
Secondly, the state can provide social assistance to minimum wage earners, including heating,
shelter, clothing, and food aid. Additionally, free financial education opportunities can be
offered to minimum-wage earners. Providing credit and debt management training to minimum
wage earners can alleviate their financial distress. The Minimum Wage Determination
Commission has recently been considering implementing different minimum wage practices
based on provinces such as Istanbul, Ankara, and Izmir in Turkey. This is thought to help
employees overcome psychological difficulties they may experience due to the minimum wage.
However, it is important to ensure that any such practices are objective and free from bias.

The study has limitations as it did not include a clear question about the income level of
minimum wage earners in the sample, nor did it inquire about the income status of other family
members in questions directed to employees. It is important to note that the self-efficacy
perception of a married family member with one or both spouses earning minimum wage may
differ from that of a single minimum wage earner. Future studies should take into account the
household income of the minimum wage earner and whether they have additional sources of
income when collecting data. Different methodological approaches, such as qualitative
methodology, can be used to collect and interpret data. Longitudinal studies can be conducted
over a period of years to examine whether the results obtained at different minimum wage levels
are consistent with each other. These approaches can contribute to the depth and richness of the
relevant literature.
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Abstract

This research examines how the deposit interest rate impacts Turkey’s stock
market index and the inflation rate from January 2003 to June 2024. The
empirical findings derived from the analyses conducted under the threshold
regression model indicate that the inflation rate has a single threshold impact
on the connection among the stock market index and the interest rate. Thus,
when inflation rates are at 2.67% or lower, rising bank deposit interest rates
negatively impact the stock market index. Nevertheless, when inflation rates
exceed 2.67%, the rise in bank deposit interest rates positively influences the
stock market index. As a result, empirical evidence indicates that deposit
interest rates have a nonlinear effect on the stock market index in Turkey,
which is influenced by the level of inflation. These findings suggest policy
implications for investors concerning the impact of the inflation rate on the
connection among stock market indices and deposit rates.

Oz

Bu calisma, Tirkiye baglaminda Ocak 2003- Haziran 2024 déneminde
enflasyon diizeyine bagli olarak mevduat faiz oraninin borsa endeksi
tizerindeki etkisine odaklanmistir. Esik regresyon modeli ¢ergevesinde yapilan
analizlerden elde edilen ampirik sonugclar enflasyon oraninin, borsa endeksi ile
faiz oram1 arasindaki iliskide tek bir esik etkisine sahip oldugunu
gostermektedir. Buna gore %2,67 ve altindaki enflasyon oranlar1 doneminde
banka mevduat faiz oranmindaki artig borsa endeksini negatif yonde
etkilemektedir. Ancak %2,67 distiindeki enflasyon orani donemlerinde ise
banka mevduat faiz oranindaki artis borsa endeksi iizerinde pozitif yonlii
etkiye neden olmaktadir. Bu nedenle, enflasyon diizeyine bagli olarak mevduat
faiz oranlarinin Tirkiye’deki borsa endeksi iizerinde dogrusal olmayan bir
etkiye sahip olduguna dair ampirik kanitlara ulagilmistir. Elde edilen bu
sonuglarin yatirimcilar i¢in borsa endeksi ile mevduat faizleri arasindaki
iliskide enflasyon oranmnin roliine iliskin politika ¢ikarimlart sagladig
sOylenebilir.
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1. Introduction

Stock exchanges are regarded as a significant measure since they represent the overall
state of a nation’s economy. The stock market index (smi) is a fluctuating environment that
provides individual and institutional investors with positive or negative signals regarding stock
prices and market returns. Chikwira and Mohammed (2023), Omar et al. (2022), and Ali (2021)
contend that fluctuations in stock prices and, consequently, price movements in the stock market
are influenced by the robust and sound framework of the nation’s economy, with
macroeconomic indicators and their uncertainties acting as the main catalysts of stock market
volatility. Adjasi (2009) asserts that the critical significance of uncertainty in macroeconomic
data lies in the essential role stock markets have in comprehending the consequences of risk
management. Additionally, insights into macroeconomic indicators can assist market
participants and analysts in managing their portfolios more effectively. It also creates an
environment for policymakers to formulate suitable policies that will enhance the stock market
more effectively and efficiently by managing the macroeconomic variables influencing the
stock market.

Inflation (inf_rt) and interest rates (int_rt) are crucial macroeconomic factors that
significantly influence the economy and, more specifically, the stock market. When an economy
faces elevated inf_rt, the actual value of money declines, resulting in diminished purchasing
power, reduced profitability, and lower actual returns on investments. In other words, rising
inf_rt prompts an increase in the nominal int_rt to maintain a positive real int_rt, rendering the
stock market less appealing than other investment options. Additionally, this significant rise can
lead to numerous challenges in corporate performance, diminish future dividend yields, and
eventually lower stock prices (Bui and Nguyen, 2023). When int_rt rise, it leads to increased
costs and lower profitability, signaling to investors that bonds provide better returns compared
to stocks, which causes a drop in stock prices (Verma and Kumar, 2015; Eldomiaty et al., 2020).
In theory, there is a negative link among int_rt and smi. This occurs because an increase in
int_rt reduces the present value of future dividend earnings, which in turn lowers stock prices.
On the other hand, reduced int rt lead to decreased opportunity costs associated with
borrowing. Reduced int_rt promotes investment and economic activity, increasing prices
(Hamrita and Trifi, 2011). Int_rt is a crucial instrument for central banks in regulating monetary
policy. Monetary policy can influence financial markets, such as bond and stock markets,
through changes in the money supply and int_rt. Monetary policy can influence fluctuations in
stock prices and bond yields. When a central bank reduces int_rt, borrowing is less expensive,
which motivates businesses and consumers to obtain loans and invest in the economy. This can
boost economic growth, enhance employment, and elevate stock prices.

On the other hand, when a central bank increases int_rt, the borrowing cost rises,
discouraging both borrowing and investment, potentially hindering economic growth,
controlling inf_rt, and decreasing stock prices Schrank (2024). In these situations, when the
int_rt banks offer depositors rises, individuals move their capital from the stock market to the
bank. This leads to reduced stock demand and a decline in stock prices. The contrary is also
correct. To put it differently, theoretically, there exists an inverse correlation between stock
price and int_rt (Alam and Uddin, 2009). Investors have other choices like the stock market and
savings accounts. The attractiveness of investing in bank deposits depends on the connection
between the nominal int_rt and the inf_rt. Nevertheless, putting money into bank deposits could
encounter the risk of value loss because of negative real int_rt and the suppression of nominal
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int_rt caused by high inf_rt. In reality, depositors effectively incur an inf_rt tax by considering
the elevated inf_rt and the absence of a relationship between the nominal int_rt and the inf_rt of
their bank deposits. As a result, investors select financial markets based on their risk assessment
and potential for profit. Consequently, the rise or at least maintenance of various assets’ value
over time leads investors to opt for the stock market, bank savings, or other financial markets
(Sadeghi et al., 2023).

Various scholars have applied different theoretical frameworks in the studies carried out
to link macroeconomic variables broadly and int_rt specifically to the smi. Among these
theories is the semi-strong efficient market hypothesis created by Fama (1970) and the
Arbitrage Pricing Model (APM) introduced by Ross (1976). According to Fama, an efficient
market is characterized by prices consistently reflecting all available information. Nonetheless,
various kinds of information influence market operations. The semi-strong market efficiency
hypothesis examines the negative or positive connection among stock market returns and
macroeconomic variables, as it posits that macroeconomic factors are entirely incorporated into
stock market prices. In other studies, Fama (1981, 1990) posits that there is an inverse
connection between int_rt and stock prices over the long term, which is directly influenced by
the impact of long-term int_rt on the discount rate. The negative connection is also founded on
the idea that a rise in int_rt will result in increased borrowing costs, reduced future profits, and a
higher discount rate for stock investors, and consequently, stock prices will decline.

Consequently, int_rt rises indirectly impact stock prices (Al-Naif, 2017; Bahloul et al.,
2017; Hashmi and Chang, 2023; Belhoula et al., 2024). APM represents an alternative method
for determining asset prices, as proposed by Ross, who advocates for a multi-factor approach to
describe asset pricing via APM. The theory suggests that an asset is influenced by market risk
and a range of unanticipated elements. These elements are systematic risks that cannot be
eliminated through diversification. Once arbitrage opportunities in the market environment have
been removed, the returns on financial assets are influenced by two main groups of factors. The
first group comprises macroeconomic factors that are systematic risk components like int_rt and
inf_rt. The second group consists of factors specific to companies. These elements are defined
by coefficients specific to each factor that assess the sensitivity of assets to those factors. APM
offers a more realistic account of shifts in stock prices since it accommodates a broader range of
factors influencing stock returns. As a result, APM has emerged as a significant theory in
elucidating the influence of macroeconomic factors on stock returns (Nordin et al., 2014; Atict
etal., 2019; Daariy et al., 2023; Ichwanudin et al., 2023).

Generally, the stock market offers long-term funding options, particularly for fixed
capital investments. Consequently, assessing the performance and efficiency of the stock market
is critical for investors, policymakers, and other market players who provide and request long-
term financing in an economy. Globally, the stock market is viewed as a measure of the well-
being and prospects of a country’s economy and a gauge of the confidence exhibited by both
local and international investors (Alam and Uddin, 2009). As a critical element, inf_rt
influences financial markets by leading to variations in int_rt, stock prices, and exchange rates.
The connection between inf_rt and financial market risks is especially significant during high
inf_rt, a crucial concern in investment and policy decisions (Choi and Kim, 2023). During the
assessed period, elements such as the Covid-19 pandemic, the implementation of the Currency
Hedged Deposit system in December 2021, the subsequent Russian invasion of Ukraine in
February 2022, the Kahramanmaras earthquakes in February 2023, as well as national and
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global supply chain disruptions, fluctuations in energy prices, and changes in the labor market,
have arisen as contributors to inflationary pressure. In this context, Kim (2023) noted in his
research that the inf_rt caused by the Covid-19 pandemic and the Russia-Ukraine conflict
presented a challenge to the global economy, leading to assessments that the U.S. Federal
Reserve raised int_rt aggressively to combat rising inf_rt, which resulted in the strengthening of
the U.S. dollar against other currencies, prompting investors to withdraw from stock markets,
particularly in developing countries.

Moreover, the implementation of both orthodox and heterodox economic and monetary
policies in Turkey indicates that there could be variations in the relationships between money
and capital market instruments, thereby offering a chance for contemporary analyses. In this
context, a threshold effect might occur in causal relationships, given that the influences of both
int_rt and inf_rt on stock prices are not consistent and could differ depending on the levels of
int_rt and inf_rt. Specifically, a threshold level of inf_rt could influence the smi. This threshold
effect separates two regimes linked to low and high inf_rt values. Consequently, the pertinent
study employs the threshold regression model to examine the effect of int_rt on the smi at a
specified inf_rt. Therefore, the objective of this study is to obtain a pragmatic argument on the
impact of the deposit int_rt on the smi depending on the inflation level from January 2003 to
June 2024, specifically in Turkey. The research contributes to the literature as follows: 1)
providing findings related to current data on the interplay between int_rt and smi at a specific
inf_rt threshold, 2) offering empirical evidence that the connection between int_rt and smi
shows nonlinear behavior relative to a specific inflation level. As a result of the analyses
conducted within the framework of threshold regression analysis in the study, the value of the
threshold variable inf_rt was determined to be 2.67%. In the inf_rt periods below and above this
threshold value, the monthly deposit int_rt has nonlinear effects on the smi.

There are four sections to the study. The research topic is presented in the first section,
and empirical literature on the topic is summarized in the second. The data and methodology are
presented along with the results of the econometric analysis in the third step, which is referred
to as the application phase. The findings and suggestions are presented in the fourth and final
sections.

2. Literature Review

Many scientific studies have explored the connection between global stock market
performance and macroeconomic indicators. While earlier research concentrated on the uniform
impact of economic variables, like int_rt and inf_rt, on the smi, recent studies employing
advanced econometric techniques have shown that this effect can also be nonlinear. This study
focuses on determining the impacts of int_rt on the smi at a certain inf_rt level, based on the
assumption that many national and international risk factors may be reflected in the markets
from January 2003 to June 2024, specific to Turkey. The findings obtained from empirical
studies conducted on the subject at different times, with different methods and samples, are
summarized in Table 1.
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Table 1. Summary of Empirical Literature on the Topic

Study Period Method Findings
Vo and Nauven The results of the research indicate that the market risk in the Viethamese stock market reacts
guy! 2012-2022 VAR, NARDL models asymmetrically to variations in int_rt, exchange rates, trade openness, financial development, and

(2024)

economic growth both in the short and long term.

TV-AR, AMG estimator,

Belhoula et al. 1 June 2005- 1 . It has been determined that a significant bidirectional causality exists between stock exchange efficiency
Panel ARDL, Dumitrescu . e ; d L .
(2024) June 2022 . . and int_rt, exchange rates, market volatility, and economic policy uncertainty in the G7 countries.
and Hurlin causality test
?IZ%LZ%;“ etal. 2013-2022 EGARCH According to a study specifically for Vietnam, int_rt have asymmetric effects on the smi.
Research from the study conducted in Turkey indicates that changes in int_rt have a meaningful impact
Unal (2024) 2021-2023 t-statistics on companies’ financial performance and stock returns. Nevertheless, it has been noted that these effects
differ based on the market value of firms, sector characteristics, and economic circumstances.
Vaswani and January 2013- NARDL The research results confirm the asymmetric linkage for int_rt in the Indian stock markets. Accordingly, a
Padmaja (2024) June 2021 positive change in int_rt worsens stock returns, while a negative change improves them.
. 31 May 2022- As a result of the int_rt hikes by the U.S. Federal Reserve, companies with less export orientation and less
Kim (2023) CAPM . - . .
30 June 2022 foreign capital have not only become more volatile but also have more negative returns.
Sona and Xu Findings from the study conducted on U.S. stock exchanges show a positive money demand shock that
(20293) 1982-2007 VAR, GARCH models increases int_rt and decreases stock prices. It has been determined that the reactions of stock prices are
symmetrical in positive and negative money supply shocks.
1 January . . The study’s findings indicate that Brazilian, Russian, and South African stock markets react negatively to
Wang et al. 2008-21 Quantile regression : - . .
- both short-term and long-term int_rt shocks. In comparison, the reaction of the Indian stock market to
(2023) December analysis h . d the Chi K K | . is 1 bl
2021 short-term int_rt and the Chinese stock market to long-term int_rt is favorable.
ARCH-LM. EGARCH The research specifically carried out for Turkey indicates that the BIST 100 index is influenced by
Kazak (2023) 2015-2022 models ’ changes in the policy rate, with negative shocks having a greater impact on the BIST 100 than positive
ones.
Alzoubi (2022) 1991-2020 ARDL The results obta!ned from the study on Jordan show that the increase in int_rt and inf_rt has a decreasing
effect on the smi.
Baykara (2021) 2015-2020 AR, CAAR, t-test F indings from the _study conducted specﬂ_ical_ly for _Turklye show a negative price response in banking and
insurance companies when monetary policy int_rt increase.
Bhuiyan and Johansen cointearation The findings indicate a long-term equilibrium connection among the macroeconomic variables that reflect
Chowdhury 2000-2018 analvsis. VAR g/ECM money supply, real economic activity, and long-term int_rt for the U.S., the SandP 500, and all sector
(2020) YsI5, ' indices. Furthermore, there is an inverse relationship between long-term int_rt and stock market indices.
Johansen cointegration
Eldomiaty et al. 1999-2016 test, cointegration The findings indicate that the change in stock prices due to inf_rt is negative and significant. Conversely,

(2020)

regression analysis, VECM
model

the coefficient indicating the change in stock prices due to int_rt is positive and significant.
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The research carried out in Turkey found that the central bank’s int_rt cut decisions had a considerable

Poyraz etal. 2010-2020 A.‘R’ CAR, Wilcoxon yet restricted negative impact on the BIST100 index. Interest rate hikes were seen to exert a slight
(2020) signed-rank test - . o
negative influence, although the impact was not significant.
SeggeorgPer The study carried out in India found that the link between the BSE-BM index and int_rt has a negative
Maji et al. (2020) November ARDL-UECM model elasticity that is statistically meaningful. This outcome aligns with the established theoretical premise that
2016 there is a negative relationship between int_rt and stock price movements.
January 2006- Regression analysis
Giirsoy (2019) De208r1n7ber Marginal effects analysis The study stated that U.S. int_rt negatively and significantly affect bank stocks traded in BIST.
Fahlevi (2019) 2013-2017 OLS regression analysis Results from the research. carried out in Indones:|a indicate that inf_rt has a positive impact, while int_rt
have a negative and meaningful effect on the sml.
Ahiadorme et al. January 1: 95-  OLS regression anal_yS|s, The study results show a positive and significant long-term connection among int_rt and stock market
(2019) December Johansen cointegration returns for the Ghanaian stock market
2015 test, VAR, VECM model '
Linear regression mode_l, Int_rt adversely affect the Islamic smi in both developed and developing nations. The results further
Bahloul et al. Markov regime regression, . = o . ) : -
2002-2014 indicate that the returns on traditional stock indexes and the money supply in both low and high-volatility
(2017) MS-VAR model, Granger . s infl Islami i in both developed and developi i
causality analysis environments influence Islamic Smi in both developed and developing countries.
Otieno et al. January 1993- ARFIMA method, Granger The findings from the study conducted in Kenya indicate a negative Granger causality relationship
December . g .
(2017) 2015 causality analysis between int_rt and stock market returns over the long term.
Johansen cointegration The research carried out in Bangladesh shows a consistent and important long-term connection among the
Al-Mukit (2013) 1991-2012 analysis, VECM model, variables. It has been noted that a rise in int_rt leads to a decline in the smi over the long term. Moreover,
Granger causality analysis  a unidirectional causality exists between the int_rt and the market index.
. . ARCH model, Granger
Tripathi and Seth July 1997- causality, and Johansen The research demonstrates a negative connection among int_rt and the Sensex stock market.
(2014) June 2011 : :
cointegration test
December
Nordin et al. 1997- The study shows an inverse correlation between the Malaysian stock market and int_rt over both the short
ARDL
(2014) September and long term.
2012
Alam and Uddin January 1988-  Panel data method, OLS The results obtained from the analysis of data from 15 developed and developing countries show that
(2009) March 2003 regression analysis int_rt have a meaningful negative link with stock prices for all countries.
Panda (2008) April 1996-  Johansen cointegration The study’s results show a long-term link among int_rt and stock prices and that int_rt affect stocks
June 2006 analysis, VECM model negatively and positively in the short term.
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3. Methodology

The econometric approach taken in the research is as follows. Initially, fundamental
statistical tests and correlation analysis concerning the data were reviewed under the Descriptive
Statistical Tests. In the subsequent stage, the overall framework of the model was established by
conducting analyses for linearity, structural breaks, and stationary of the data. In the subsequent
phase, threshold value regression analysis was applied to the application.

3.1. Data

The study utilizes monthly data that spans from January 2003 to June 2024. The
dependent variable, the smi variable, signifies data for the BIST100 index. The inf_rt variable is
also a threshold variable and consists of monthly consumer inflation data. The other
independent variable, int_rt, is the monthly average foreign currency bank deposit int_rt. As of
the period under review, the average monthly deposit int_rt for TL is 1.28%; the average
monthly deposit int_rt for Euro is 1.60%; and the average monthly deposit int_rt for Dollar is
2.18%. Therefore, since it offers higher earning opportunities to investors, the average of Euro
and Dollar deposit int_rt was taken and defined as the monthly deposit int_rt of the foreign
currency in the study. All variables used in the analysis based on their nominal values were
obtained from the official website of the Central Bank of the Republic of Tiirkiye. Stata 18 and
Eviews were utilized in the analysis stage using nominal values.

3.2. Method

Threshold regression analysis, introduced by Hansen (2000), is an econometric method
used to study the nonlinear connection between two or more variables. Using threshold
regression provides the benefit of dividing a sample into groups and customizing the threshold
variable to assess if countries are below or above the threshold parameter. Therefore, this model
can be applied to real-world conditions and produce further realistic results (Raouf, 2022). This
method allows us to obtain differences in slope coefficients. Such models are convenient for
investigating different effects (e.g., differences in sign, magnitude, and statistical significance)
on the connection between dependent and independent variables. The threshold model shows
the connection between variables in different data regimes of a defined threshold variable
(Siddiki and Bala-Keffi, 2024). The threshold regression model aims to incorporate a particular
threshold variable as an unknown variable within the regression model, create a piecewise
function, and experimentally evaluate and estimate the relevant threshold value and its impact
(Wang and Wang, 2021).

A threshold regression model may have one or more threshold values. The sample is
divided into one more regime than the equal number of values. For example, the sample is
divided into two regimes if there is a threshold value. In the threshold model, it is evident that
observations are categorized into two regimes, which are differentiated by their distinct
regression slopes based on whether each observation is above or below the threshold value (Lin
and Fu, 2024). As Thanh (2019) stated in his study, the threshold regression model has two
categories of explanatory variables. The threshold variable is one, serving as the primary
variable to measure the threshold effect on the dependent variable. Once the threshold variable
surpasses the threshold value (y), the sample set can be split into two groups, represented by
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distinct slope coefficients B1 and 2. The explanatory variable is a variable that indicates its
impact on the dependent variable. In the threshold regression model, the effects of the
explanatory variables are variable and depend on the threshold value of the threshold variable.
After these explanations, the mathematical representation of the single threshold regression
model can be made as follows (Huang et al., 2019).

ay +Bixe+ €1, G <Y
Ve = { 1)

ay + Poxe + €, qr >y

Here, y represents the explained variable, x represents the explanatory variable, g
represents the threshold variable, y represents the threshold value, a represents the constant
term, and ¢ represents the error term. Considering the variables used in the study, the single
threshold regression model can be shown as follows.

ay + fiint_rt + €, inf rt <y
smi = : : 2
a, + fyint_rt + €, inf rt >y

inf, the threshold variable in the study, is included as an exogenous variable.

3.3. Empirical Analysis and Findings

The results of the tests and analyses conducted to examine the general structure and
summary of the data and the connection among the variables in terms of the study design are
presented in Table 2. If the mean and median values are equal or very close to each other, then
the distribution is symmetric (normal). However, the mean and median values of the variables
were not close. In addition, none of the variables provide the assumption of normality according
to the Jarque-Bera statistics and probability values at the 1% significance level. The skewness
and kurtosis values are far from the values of 0 and 3 supports this finding (Lins et al., 2023;
Alomari et al., 2024). According to the correlation analysis findings, there is a positive
connection among the smi and the inf_rt and a negative connection with the int_rt variable.

Table 2. Descriptive Statistical Tests

Correlation

Basic Statistical Tests -
Analysis

Mean Median Max. Min. St.Dev. Skew. Kurt. J.B.

smi  1264.48 74173 1064791 95.34 1897.69 3.24 13.22 1577.22*** 1
int_rt  0.01 0.01 0.04 0.00 0.00 052 3.02 11.961*** -0.219 1
inf_rt  0.01 0.00 0.13 -0.01  0.01 3.25 18.02 2872.73*** 0,521 -0.237 1

Note: Significance level; ***%1

As Yilanci and Tirasoglu (2016) stated in their research, before conducting empirical
studies, it is essential to examine the structures of the financial and economic time series
variables and to conduct analyses using processes and tests appropriate to these structures. In
this respect, analyzing the linear or nonlinear structures of the series is a critical issue to
consider for the analyses’ validity and reliability. Thus, the model’s functional form must be
established initially in the analysis process. The aim of conducting a linearity test is to
determine if the variables intended for statistical analysis exhibit a linear relationship (Nafisah
et al., 2023). This study conducted analyses using the Wald test and L.R. test to evaluate the
functional structure of the model and to determine if the variables demonstrate a linear or
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nonlinear relationship during the examined period, with the results presented in Table 3.
According to the results of both tests, the null hypothesis that the model is linear is rejected at
the 1% and 10% significance levels. These results show a nonlinear connection among the smi,
int_rt and inf_rt.

Table 3. Linearity Test Results

Test Statistics p-value
Wald test 49.88 [0.000]***
L.R. test 3.41 [0.064]*

Note: Significance level; ***%1, *%10

Once it is established that the model has a nonlinear structure, it becomes essential to
identify the regime number resulting from the structural break in the second stage. Breaks may
be either single or multiple. The Bai-Perron multiple structural break test was employed to
assess this and the findings are presented in Table 4. The results of the Bai-Perron test
conducted with the maximum five break options indicated that the ideal number of breaks was
found to be one. The F and Scaled F statistics computed for a break number exceed the critical
value. Furthermore, the break date was set as May 2021.

Table 4. Bai-Perron Multiple Structural Break Test Results

F- Scaled F- Critical .
Break Statistics Statistic Value * Estimated Break Dates
0-1** 265.351 796.054 13.98 2021-05
1-2 3.406 10.220 15.72 2010-03 2021-05
2-3 1.513 4.541 16.83 2009-07 2017-04 2021-05
3-4 0.239 0.718 17.61 2008-01 2011-03 2017-04 2021-05
4-5 0.000 0.000 18.14 2008-01 2011-03 2015-01 2018-03 2021-05

Note: Significance level; **5%, *Bai-Perron critical values

Once it is confirmed that there exists a nonlinear link among the variables and a structural
break during the examined period, the data will undergo a stationarity test. Wahab et al. (2023)
state that stationarity is a characteristic in which the statistical properties of a time series do not
change over time. Having stationary data is crucial for precise modeling and credible analysis.
Traditional unit root tests such as ADF, P-P, KPSS, DF-GLS, and Ng-Perron tests can yield
varying results in the presence of structural breaks (Yildirim et al., 2015; Diler, 2018). Applying
unit root testing in a structural break offers two possible advantages. Firstly, it prevents biasing
test outcomes towards non-rejection. This method will also offer valuable insights to ascertain if
a structural break in a specific variable is connected to government policy, financial crises,
regime shifts, or other factors, as it can identify when a structural break is expected to happen
(lke et al., 2024). Thus, to assess the stationarity of the data, unit root tests that consider the
structural break were conducted; the Zivot-Andrews test, which is a test for a single internal
break, along with ADF tests with Structural Breaks were utilized, and the findings are presented
in Table 5. The null hypothesis for the Zivot-Andrews test is that the variables examined have a
unit root, whereas the alternative does not have a unit root. Accordingly, the null hypothesis is
rejected for the smi and inf_rt variables in different models but cannot be rejected for the int_rt
variable. On the other hand, the null hypothesis of a unit root in the ADF test with structural
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break was rejected for all variables in the fixed and trended models, and the series were
stationary at their levels.

Table 5. Unit Root Test Results with Structural Breaks

Test Zivot-Andrews Test ADF Test with Structural Break
Model Constant Trend Costant+Trend Constant Constant+Trend
smi 5.209** -2.418 -3.738 -0.770 -4.637*
[2021-03] [2021-03] [2021-03] [2023-01] [2024-04]
inf rt -6.729*** -6.190*** -6.507*** -10.789*** -11.126***
- [2021-03] [2019-07] [2021-03] [2021-06] [2021-11]
int rt -3.554 [2008- -2.847 -4.802 -4.548** -5.097*
- 12] [2021-03] [2008-12] [2008-11] [2008-11]

Note: Significance level; ***%1, **%5, *%10, Breaking dates are given in parentheses

The results of the threshold regression analysis, which is the basic analysis method, are
presented in Table 6. The threshold regression analysis results indicate a break, leading to two
regimes, with the threshold variable valued at 2.67%. Thus, when monthly consumer inf_rt is
2.67% or lower, the rise in monthly bank deposit int_rt has a statistically meaningful reducing
impact on the smi. This situation is consistent with theoretical expectations and can be
interpreted as investors preferring favor bank deposit int_rt over stock investments during
periods of low inf_rt. As emphasized by Amata et al. (2016), there is a positive connection
among inf_rt and stock market volatility in the short and long term. Accordingly, it may not be
possible to make big profits in stock markets due to low stock market volatility in low inflation
periods. In this respect, the stagnation seen in stock markets may lead investors to want to
evaluate their investments in increasing bank deposit int_rt. This result, which is consistent with
theoretical expectations, is also similar to the findings obtained from the studies of Hashmi and
Chang (2023), Kazak (2023), Gu et al. (2022), Baykara (2021), Miinyas (2019), Bissoon et al.
(2016), Al-Mukit (2013), Alam and Uddin (2009). In the model, May 2021 is the date of the
structural break. In periods of inf_rt above the threshold value of 2.67%, an increase in monthly
bank deposits has a statistically meaningful and increasing effect on the smi. The following
arguments can be put forward, considering that this situation occurs during periods of high
inf_rt and needs explanation.

Table 6. Threshold Regression Analysis Results

Regime 1: Low inflation period Regime 2: High inflation period
inf rt <%2.67 inf_rt > %2.67%
Variables Coefficient 95% Confidence Interval Coefficient 95% Confidence Interval
. -32557.71 187718.3
int_rt [0.001]%** [-51162.45 -13952.96] [0.002]%** [114207.3 261229.4]
1439.273 2560.423
c [0.000]%** [1043.085 1835.462] [0.000]%+* [1421.05 3699.797]

Note: Significance level; *** %1

In Turkey, annual inf_rt in 2020, 2021, 2022, and 2023 was 14.60%, 36.08%, 64.27%,
and 64.77%, respectively. 2021, there was a significant increase in inf_rt, especially in the last
quarter. For example, inf_rt in December 2021 was very high at 13.58%. Uniivar and Aktas
(2022) argued that the main reason for the increase in inf_rt during the last period of 2021 was
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the exchange rate increase. In addition, the increase in international food prices, agricultural
drought, and supply problems have increased inf_rt. It has been stated that there is an indirect
connection between this increase in inf_rt and the COVID-19 outbreak. However, the Central
Bank data shows that policy int_rt have been below high inf_rt. For example, the policy int_rt
of 17% in December 2020 was 14% in December 2021 and 9% in November 2022. Alongside
the policy int_rt, the int_rt on bank deposits has been observed to be lower than inf_rt.
According to Graph 1(d) and Graph 1(e) in the Appendix, from January 2003 to May 2021,
monthly bank deposit int_rt were typically higher than the monthly consumer inf_rt, with only
minor negative differences observed in certain months.

Conversely, following May 2021, identified as the structural break date, an opposite trend
was observed where monthly bank deposit int_rt fell below inf_rt. As a result, because the
Central Bank’s low int_rt policy was set below inf_rt, investors sought refuge in the stock
market to safeguard against inflation. Due to high inflation and, conversely, low int_rt, negative
real int_rt does not present an appealing opportunity for investors. As a result, investors have
focused on stock markets to safeguard themselves from inflation. These findings indicate that
the connection among deposit int_rt and the smi does not follow a linear pattern during periods
of low and high inf_rt.

4. Conclusion and Recommendations

This research investigates the impact of deposit interest rates on Turkey’s stock market
index at a specific inflation rate. The research spans from January 2003 to June 2024. The
occurrence of numerous domestic and international political, economic, financial, and epidemic
risk factors indicates that the impact of interest rate and inflation rate on stock prices is not
consistent and may differ based on the levels of these rates, suggesting a possible threshold
effect in the connection among the variables. As a result, Threshold Regression Analysis was
utilized as the primary analysis method in the research. Moreover, descriptive statistical tests
and several econometric methods, including linearity, structural break, and stationarity analysis,
were employed to generate trustworthy results and to uncover the connection between stock
market price fluctuations and factors like inflation rate and interest rate.

The study has three important results, which aim to reach empirical evidence on how the
deposit interest rates affect the stock market index depending on the inflation level. First, the
value of the threshold variable inflation rate was found to be 2.67%. At this and below inflation
rates, the increase in interest rates has a decreasing effect on the stock market index, which is in
line with theoretical expectations. Second, in monthly inflation rates above the threshold value,
the increase in interest rate has an increasing effect on the stock market index. As a potential
reason for this, due to the low interest rates policy implemented in the country, interest rates are
below inflation rates, and investors may have turned to the stock market to protect themselves
from inflation. Third, it was observed that there was a nonlinear connection between the interest
rates and the stock market index in the country during the analysis period.

The subsequent recommendations can be proposed for decision-makers, given that the
outcomes achieved carry practical significance. First, based on these findings, individual and
institutional stock market investors should be attuned to fluctuations in macroeconomic
variables like inflation rate and interest rates, as these variables have demonstrated considerable
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impacts on the stock market. Second, because of the nonlinear connection between interest rates
and the stock market index, portfolio management should follow dynamic strategies. Third,
these findings can form a basis for investors’ decision-making mechanisms regarding how
interest rates affect the stock market at a particular inflation rate level.

Data regarding the variables used in the study prior to 2003 could not be obtained. This
can be expressed as a limitation of the study. In addition, in future studies, the reflections of the
interest rate decisions taken by the U.S. Federal Reserve on Borsa Istanbul can be suggested as
another research topic.
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Abstract
This study investigates the long-term relationship between Credit Default Swap
(CDS) premiums and exchange rates among the BRICS-T countries (Brazil,
Russia, India, China, South Africa, and Turkey) known for their significant impacts
on both regional and global dynamics, advanced industrialization, rapid economic
growth, and considerable profit potential. Utilizing the RALS-LM unit root test and
the RALS-EG cointegration test, and Hacker and Hatemi-J bootstrap causality test,
this research circumvents the limitations commonly associated with traditional
econometric approaches. A comprehensive and up-to-date dataset, reflecting
intensive global and regional movements, was employed, consisting of daily data
from January 2020 to June 2024. The findings indicate a long-term relationship
between CDS premiums and exchange rates in all countries except Turkey. As the
relationship is positive, it can be interpreted that an increase in the exchange rate
will increase the CDS premium of countries. In terms of causality, strong evidence
that the CDS premium is the cause of the exchange rate is only valid for Turkey.
For Brazil, Russia, China and South Africa, we find that the exchange rate is the
cause of the CDS premium. As a result, it is concluded that exchange rate
movements may affect CDS premiums in these countries.
Oz

Bu calismada bolgesel ve kiiresel captaki dinamiklerde 6nemli etkilere sahip,
sanayilesme yolunda ilerlemis, hizli biiyiiyen ve yiiksek kazan¢ imkani sunan
gelismekte olan iilkelerden olusan BRICS-T (Brezilya, Rusya, Hindistan, Cin,
Giiney Afrika ve Tiirkiye) grubu iilkelerinin CDS primleri ile doviz kuru arasindaki
uzun donem iligkisi analiz edilmektedir. Analizler, geleneksel ekonometrik
testlerin kisitlamalarini barindirmayan RALS-LM birim kok testi, RALS-EG
esbiitiinlesme ve Hacker ve Hatemi-J (2012) bootstrap nedensellik testi ile
gerceklestirilmistir. Kiiresel ve bolgesel hareketlerin yogun olarak yasandigi genis
ve giincel bir veri seti kullanilmigtir. Veri seti Ocak 2020 — Haziran 2024 dénemini
kapsayan giinliik frekansli verilerden olugmaktadir. Elde edilen bulgular Tiirkiye
hari¢ diger iilkelerde (Brezilya, Rusya, Cin ve Giiney Afrika) CDS pirimi ile déviz
kuru arasinda uzun dénemli bir iliski oldugunu gostermektedir. Iliskinin pozitif
olmasi neticesinde, doviz kurundaki bir artigin iilkelerin CDS primini yiikseltecegi
yorumu yapilabilir. Nedensellik iliskisi agisindan, CDS priminin déviz kurunun
nedeni olduguna yonelik giiclii kanitlar sadece Tiirkiye icin gegerlidir. Brezilya,
Rusya, Cin ve Giiney Afrika i¢im doviz kurunun CDS priminin nedeni oldugu
bulgusuna ulagilmgtir.
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1. Introduction

Derivatives function as hedging instruments aimed at mitigating counterparty risks and
various other risks. Credit derivatives are employed to provide protection and insurance against
the risk of default by borrowers. Among these, Credit Default Swaps (CDS) are the most
commonly traded instruments worldwide (Hull and White, 2000). CDS instruments, first designed
by Blythe Masters, a former executive at JP Morgan, in 1994, were developed to transfer the risk
of the borrower failing to meet their payment obligations (Corte et al., 2021; Saparca and
Yenipazarli, 2023). CDS premiums serve as a measure of the likelihood of default by the
borrowing party, enabling risk assessment.

CDS premiums serve as a measure of the likelihood of default by the borrowing party,
enabling risk assessment. Similarly, exchange rates reflect the strength of a national currency and
the economic-political stability of a country. Fluctuations in exchange rates occur in response to
distortions in economic indicators and changes in risk perception. Notably, the depreciation of a
country’s national currency is often associated with increased country risk, which can prompt
investors to withdraw from the market (Hui and Chung, 2011). Therefore, understanding the
relationship between CDS premiums and exchange rates is crucial for assessing economic
stability and managing risks in financial markets.

CDS premiums can vary according to market conditions and are updated on a daily basis.
A high premium indicates a higher level of counterparty risk (Conkar and Vergili, 2017).
Following the 2008 global financial crisis, these derivative instruments were suggested as
alternatives to credit rating agency assessments (Financial Stability Board, 2010). This is
attributed to the ability of CDS premiums to reflect the instantaneous response of credit risk to
rapidly changing market conditions, whereas credit ratings are updated more slowly and less
frequently.

Foreign currency liabilities are frequently regarded as a financial fragility in emerging
markets. It is widely acknowledged that these liabilities intensified the Mexican Debt crisis
(1994), the Russian Ruble Crisis (1998), and the East Asian crisis of the late 1990s (Eichengreen
and Hausmann, 1999). The management of these debts is critically dependent on exchange rate
policies (Bordo et al., 2010). Furthermore, fluctuations in exchange rates also represent a market-
based measure of a country’s default risk. The risk of default is determined by the country’s asset
and debt levels. Exchange rates are directly related to the ability to service debts. An increase in
the exchange rate indicates a depreciation of the national currency against foreign currencies,
which results in a higher burden of foreign-denominated debts. This, in turn, raises the likelihood
of default and the associated country risk. Additionally, a rising exchange rate signals a
deterioration in the country’s financial system and can trigger capital flight, further increasing
default probabilities (Wang et al., 2022). In this context, an increase in the exchange rate is
expected to elevate CDS premiums. Overall, understanding the relationship between exchange
rates and CDS premiums is a significant step in evaluating the value of a national currency and
its impact on economic stability. This relationship can aid investors in developing risk
management strategies and mitigating uncertainties in financial markets.

This study analyzes the long-term relationship between CDS premiums and exchange rates
within the BRICS-T group (Brazil, Russia, India, China, South Africa, and Turkey), comprised
of emerging economies with significant impacts on regional and global dynamics, advanced
industrialization, rapid growth, and substantial profit potential. The general acceptance of the
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countries concerned as investment factors, the lack of consensus among previous studies on the
relationship between the relevant parameters, the unprecedented processes both regionally and
globally in the countries concerned, the introduction of new methods that can analyze the relevant
process or time and overcome the limitations of traditional empirical methods to a large extent
constitute the motivation for the current study and the reason for the analyses. The analyses are
conducted using the RALS-LM Unit Root Test and the RALS-EG Cointegration Test, which do
not carry the limitations of traditional econometric tests, through a comprehensive and current
dataset reflecting extensive global and regional movements. The study includes a literature review
summarizing previous research, a methodology section detailing the dataset and tests employed,
empirical findings reporting the test results, and a conclusion section providing a general
evaluation of the study and its findings.

2. Literature Review

Multiple studies in the literature investigate the relationship between CDS premiums and
various variables. Table 1 below includes studies that are directly related to this topic. It is
apparent that interest in this issue has risen, particularly in recent years. The incorporation of
many variables and approaches in the analytical process aims to evaluate the subject from diverse
viewpoints.

Table 1. Literature Summary

Author (Year)  Country Variable Method Period  Findings

CDS, Stock Market Clustering and In emerging markets,

Longstaff et al., 26 Index. Exchange Rate.  Rearession 10.2000- CDS and exchange rates
2011 Countries ' g ! gress 01.2010 mutually affect each
etc. Analysis
other.
CDS, Stock Market There is a linear
Silva and Paulo, Brazil Index, VIX, National Linear 05.2009- relationship between
2015 Currency FX Regression 05.2014 CDS and National
Volatility, etc. Currency FX Volatility
Granger
12 CDS, Exchange Rate .
Bagarir and . ! Causality, Kao, 01.2020-
Keten, 2016 Developlng (USD), Stock Market Pedroni Panel 01.2016 CDS — Exchange Rate
Countries  Index . -
Cointegration
Johansen
Conkar and Turkey CDS Exchange Rate Cointegration 01.2010- Exchange Rate (USD) —
Vergili, 2017 (Currency Basket) Granger Causality 08.2015 CDS
9 CDS, Exchange Rate ~ Granger i
A'fSOV..'“ and Developing (USD), Interest Rate, Causality, Hatemi 06.2005 CDS « Exchange Rate
Gormiis, 2018 . d 07.2015
Countries  VIX Index J Causality
Granger Exchange Rate — CDS,
Ozpinar et al., Turke CDS, Exchange Rate  Causality, 09.2005- There is a positive
2018 y (USD), Interest Rate Johansen 02.2017 cointegration between
Cointegration exchange rate and CDS.
. CDS — Exchange Rate,
Sengiil, 2020 Turkey (CUDSSD’)EXChange Rate E':Lesr;'l tJ - Roca 01%22%12%' ER" — CDS",
y ' CDS* — ER*
CDS Exchange Rate
Uzunoglu et al (Currency Basket) Grange_r 01.2007-
? Turkey . o, ' Causality, ' CDS < Exchange Rate
2020 Foreign Political 3.2020
GARCH
Actors
Bayhan et al., Turke CDS, Exchange Rate Frequency 03.2020- Long Term: Exchange
2021 Y (usD) Domain Causality 04.2021 Rate — CDS

798



Y. Iltas & F. Giizel, “The Nexus between CDS Premiums and Exchange Rates: Evidence from BRICS
Countries and Tiirkiye”

Table 1. Continued

CDS, Exchange Rate

In general, country CDSs
affect the exchange rate

Calice and 29 Fama-MacBeth 12.2007- . .
. (USD), Stock Market . in emerging markets and
Zeng, 2021 Countries Index. etc. Regression 06.2017 can be used to forecast
the exchange rate.
There is a strong
8 bidirectional relationship
Developed _ between CDS and
Corte et al., and 12 CDS, Exchange Rate Linear 01.2003- exchange rate. Moreover,
2021 - ’ Regression 11.2003 anincrease in the CDS
Developing
Countries spread decreases the
value of the local
currency.
CDS, Exchange Rate
Cetin, 2022 Turkey ~ (USD), Stock Market /R Granger  04.2010- - \yg b ponee Rate
Causality 01.2021
Index, Interest rate
Latin CDS, Exchange Rate
\2/\(/)229 etal, Americ_an (USD), Interest rate, g;ﬁggﬁiy %1922%01% CDS < Exchange Rate
Countries  VIX, etc )
CDS, Exchange Rate
Buz and (USD), Stock Index,
Kiiglikkocaoglu,  Turkey Inflation, Interest Rate, EZS;I&/ mamoto 011122%0250 CDS « Exchange Rate
2023 Current Account '
Balance, GDP
Saparca and CDS, Exchange Rate
Yenipazarls, Turkey  (USD), Stock Market Toda-Yamamoto  01.2009- (g Exchange Rate
Causality 03.2023
2023 Index
CDS, Exchange Rate
(USD), Stock Market RALS
Index, Inflation, . 01.2008-
Sari, 2024 Turkey Current Account Regression, 08.2023 CDS « Exchange Rate

Balance, Industrial Granger Causality

Production Index

Upon reviewing Table 1, which summarizes the literature, it is noteworthy that there is a
lack of consensus regarding the findings of the studies. From a causality perspective, some studies
report that CDS premiums are the cause of the exchange rate (Basarir and Keten, 2016; Sengiil,
2020; Cetin, 2022), while others attribute the causality to the exchange rate itself (Conkar and
Vergili, 2017; Ozpinar et al., 2018; Bayhan et al., 2021). Additionally, some research reports the
existence of a bidirectional relationship (Uzunoglu et al., 2020; Wang et al., 2022; Saparca and
Yenipazarli, 2023), In contrast, other research suggests that there is no causal relationship
between the two variables (Aksoylu and Goérmiis, 2018; Sari, 2024). The presence of differing
perspectives and findings in the literature underscores the need for novel tests that transcend the
limitations of traditional econometric methods. Given the recent experiences of unprecedented
regional and global impacts, coupled with the significance of the topic, it has become essential to
contribute original evaluations to the literature. This study has been prepared with these factors
in mind.

3. Econometric Methodology

This section summarizes the econometric methodology of the study. Financial time series
are created by arranging sequentially observed data from financial markets according to their
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chronological order. Prior to performing the econometric analysis of a financial time series, it is
crucial to assess the stationarity levels of the series (Tatoglu, 2013: 199). Unit root tests, utilized
to assess the stationarity of time series, generally presuppose that the error terms follow a normal
distribution. Im et al. (2014) observed in their study that, although the asymptotic distribution of
test statistics in unit root tests is unchanged, the non-normal distribution of error terms must not
be overlooked.

This paper assessed the stationarity levels of financial time series utilizing the RALS-LM
unit root test, as formulated by Meng et al. (2014), which yields more robust outcomes in the
presence of violations of the normality assumption for error terms. Following the determination
of the stationarity levels of the variables, the presence of long-term cointegration relationships
among them was examined utilizing the RALS-EG cointegration test established by Lee et al.
(2015). Based on the results of the RALS-EG cointegration test, long-term coefficient estimation
was conducted to determine the direction and magnitude of the relationships among the series that
were found to move together in the long run. The Dynamic Ordinary Least Squares (DOLS) and
Fully Modified Ordinary Least Squares (FMOLS) techniques were utilized to estimate the long-
term coefficients. In the concluding phase of the empirical analysis, Hacker and Hatemi-J (2012)
bootstrap causality test was used to identify the causal relationships between the variables.

3.1. Data Set

This study examines the relationship between exchange rates and CDS premiums for
BRICS-T nations utilizing daily frequency data from January 2020 to June 2024. The need for
foreign resources, particularly foreign exchange, due to their status as developing economies,
along with the regional and even global scope of their influence, are critical factors in determining
the sample. The analysis period, spanning from January 2020 to June 2024, was determined by
practical factors such as data availability, the adequacy of historical records, and the consistency
of data publication. Table 2 presents the abbreviations, definitions, data periods, and data sources
for the variables utilized in the analysis.

Table 2. Variables Information

Variable Description Country Data Freqg. Period
Source

CDSTR Turkiye Credit Default Swap Tiirkiye  Investing Daily  2020:01-2024:06
USDTL USD/Turkish Lira Exchange Rate Tirkiye  Investing Daily 2020:01-2024:06
CDSBRG  Brazil Credit Default Swap Brazil Investing Daily 2020:01-2024:06
USDBRL  USD/Brazilian Real Exchange Rate Brazil Investing Daily 2020:01-2024:06
CDSRUG  Russia Credit Default Swap Russia Investing Daily 2020:01-2022:05
USDRUB  USD/Russian Ruble Exchange Rate Russia Investing Daily 2020:01-2022:05
CDSCNG  China Credit Default Swap China Investing Daily 2020:01-2024:06

USDCNY  USD/Chinese Yuan Exchange Rate China Investing Daily 2020:01-2024:06
CDSZAG  South Africa Credit Default Swap S. Africa Investing Daily 2020:01-2024:06
USDZAR  USD/South African Rand Exc. Rate  S. Africa  Investing Daily  2020:01-2024:06

The study focuses on the relationship between exchange rates and CDS spreads within the
context of the BRICS-T countries. Data for CDS spreads and exchange rate variables for Brazil,
China, South Africa, and Turkey is available for the period from January 2020 to June 2024. For
Russia, data is available for the period from January 2020 to May 2022. However, data for India
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has been excluded from the dataset due to irregularities in data publication and supply, resulting
in significant data losses. This study employed the logarithmic transformation of the data in
econometric analyses to achieve more consistent and efficient empirical results, while also
ensuring a more stable representation of the series.

3.2. RALS-LM Unit Root Test

Financial time series refers to sequences of consecutive data observed in financial markets,
arranged in the order of their occurrence. Stock prices, stock market indices, interest rates, and
exchange rates exemplify financial time series. The time series structure and dynamics of
financial variables are of great importance for understanding and analyzing the data generation
processes of these data (Cil, 2018: 5). Unit root tests used in econometric time series analysis
assume that the error terms of the test regressions conform to a normal distribution. In their study,
Im, Lee, and Tieslau (2014) emphasized that, although the asymptotic distributions of test
statistics in unit root tests remain unaffected, the normality assumption should not be disregarded
(Hepsag, 2022: 203).

The RALS-LM test, proposed by Meng, Im, Lee, and Tieslau (2014), is an adaptation of
the Residual Augmented Least Squares (RALS) method developed by Im and Schmidt (2008) for
use in the LM-type unit root test. The RALS-LM unit root test, which does not account for
structural breaks, follows a two-step estimation procedure. In the first step, the conventional LM
test regression, as developed by Schmidt and Phillips (1992), is estimated using the least squares
method, and the residual series from this regression is obtained (Hepsag, 2022: 211). The LM unit
root test statistic is typically derived from the following regression, in accordance with the LM
(score) principle (Meng vd., 2014: 346-348):

Ay, = 6'Az; + pF 1 + & 1)

where j, =y, — 9 — 2,8, t = 2,...,T; 6 is the vector of coefficients in the regression of Ay, on
Az, To address autocorrelated error terms, it is possible to include the terms Ay,_; in equation
(1), where j=1,...,p, and the testing regression is expressed as follows:

P
Ay, = 6'Az; + pF_1 + Z CjAy,_j + e; 2
j=1
The term Z, = [1,k] in Equation (2) represents the deterministic component, which
includes the constant term and the trend function. Equation (3) illustrates the calculation of the
second and third moments of the residual series:

T a2 T &3
_ Zt=1¢t _ Zt=1¢t 3)

m, = T ms = T

In Equation (3), T represents the number of observations, m2, and m3 are the second and
third moments of the residuals, respectively. While £Z represents the squared residuals obtained
in the first stage of the test, é?denotes the cubed residuals. After the second and third moments of
the residual series are calculated, the variables (w,;) and (w5;) referred to as residual-augmented
variables, are computed as shown below.

Wy = [étz - mz,é‘? —my — 3my&]’ (4)
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In the second step of the test, the residual-augmented variables (w,,) and (w5;) are
included into the standard LM test regression defined in Equation (2), resulting in the RALS-LM
test regression, which does not account for structural breaks:

14
Ay, = 6'Az + ¢4 + Z gjAYe—q + W'y + e (5)
j=1
The RALS-LM statistic is derived from the conventional least squares estimation method
applied to Equation (5). The test statistic used to assess the presence of a unit root in the series is
calculated as follows:

Trm = PTm ++/1—p? N (0,1) (6)

In the equation (5), gLy represents the test statistic calculated for the case without
structural breaks, while t;,, denotes the conventional LM test statistic. The parameter estimated

A

~2
as p?,p?= Ju/&z is calculated as the ratio of the variance estimate of the error term in the
&

RALS-LM equation to the variance estimate of the error term in the conventional LM equation,
and it determines the distribution of the Ty, test statistic.

In the RALS-LM unit root test, the null hypothesis indicating the presence of a unit root
(@ = 0) is tested against the alternative hypothesis that the series is stationary (@ < 0). If the
calculated 7y, test statistic is less in absolute terms than the critical value determined based on
p?, the null hypothesis cannot be rejected, and it is concluded that the time series follows a unit
root process. Conversely, if the T, test statistic exceeds the critical value established by p? in
absolute terms, the null hypothesis is rejected, and it is concluded that the time series follows a
stationary process.

3.3. Lee, Lee and Im (2015) RALS Cointegration Test

The cointegration test introduced by Engle and Granger (1987) (EG) is a method used to
investigate whether two or more series exhibit a common movement trend in the long term. It is
assumed that the error terms of regression tests used in cointegration analysis, which investigates
the long-term relationship between variables, follow a normal distribution. When the error terms
of regression tests used in cointegration analysis do not follow a normal distribution, the
asymptotic distributions of the test estimators remain unaffected. Therefore, cointegration tests
can be applied even if the normality assumption is not met. In the study by Lee et al. (2015), it is
stated that although the asymptotic distribution of test statistics in cointegration analysis remains
unchanged, incorporating non-normality information into the analysis process can yield more
efficient estimators and enhance the robustness of cointegration tests (Hepsag, 2022: 235).

Lee et al. (2015) enhanced the power of the EG approach by developing RALS-based
cointegration tests through the adaptation of the RALS method. The four test regressions and their
names considered in the RALS cointegration tests developed by Lee et al. (2015) are as follows
(Lee et al., 2015: 5):

ECM: AYit = dit + 612t_1 + @IAyzt + W’t]/ + V¢ (7)

ADL:Ayyr = dy + 81Y1¢-1 V' Vo1 + O Ay + Wey + 4 (8)
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EG: Aﬁt = dlt + 61ﬁt_1 + W,ty + V¢ (9)
EGZ Aﬁt = dlt + Slﬁt—l + @IAth + W,ty + vt (10)
In the first stage of the RALS cointegration test, the test regressions in equations (7), (8),
(9), and (10) are estimated. Thereafter, the second and third moments of the residual series are

calculated to address non-normality. The second and third moments of the residual series are
computed as follows:

T g2

_ =18 (11)
m, —T
T 23

my = 2215 (12)

In equations (11) and (12), m2 and m3 denote the second and third moments of the
residuals, respectively. Once the second and third moments are calculated, (w,,) and (Ws;),
referred to as residual-augmented variables, are computed as follows:

VT’Zt = ég —m, (13)
Wsp = é1:3 —mz — 3myé; (14)

In the second stage of the RALS cointegration tests, the residual-augmented variables
(Ww,¢) and (w5,) are incorporated into the conventional test regressions presented in equations
(7, (8), (9), and (10). Lee, Lee, and Im (2015) derived the distributions and critical values for the
residual-augmented versions of all four conventional tests presented above. However, they found
that the RALS-EC and RALS-EG cointegration tests exhibit size distortion and possess very low
power. Consequently, they recommend the use of the RALS-ADL and RALS-EG2 cointegration
tests in their study (Hepsag, 2022: 237):

k
RALS — ADL: Ay, = d; + 8y;_1 + OAx, + Z Qi AYe_; + VaWar + Y3Wa + Up (15)
i=1
RALS — EG2: Aﬁt = dt + 5ﬁt_1 + @Axt + Z?=1 aiAut_i + yZWZt + Y3W3t + Ug (16)
After estimating the test regressions in equations (15) and (16) using ordinary least squares,
the test statistics for testing the presence of a unit root are calculated as follows:

TRaLs—apL = PTapL +V 1 —p*Z (17)
TraLs-EG2 = PTecz /1 — p*Z (18)
In equations (17) and (18), p? represents the square of the long-term correlation coefficient,

estimated as p? = 638/
p 6262
In the RALS-ADL and RALS-EG2 cointegration tests, the null hypothesis, which indicates
the absence of cointegration (& = 0), is tested against the alternative hypothesis, which suggests
the presence of cointegration (6 <0). If the calculated Tga;5_apr @Nd TraLs— kg2 teSt statistics are
smaller than the critical value determined by the p? value, the null hypothesis cannot be rejected,
leading to the conclusion that no cointegrated relationship exists. Conversely, if the Tpar5-ap1
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and Tr 415 gco test statistics exceed the critical value determined based on p?, The null hypothesis
is dismissed, signifying the existence of a cointegrated relationship.

3.4. Hacker and Hatemi-J (2012) Causality Test

The causality test is a method employed to ascertain the direction and impact of the
relationship among two or more variables. One of the most commonly used and earliest methods
in this field is the Granger causality test, introduced to the literature by Granger (1969) (Kutlar,
2019: 20). In Granger causality analysis, the stationary versions of the series are employed to
ascertain the direction of the relationship between two variables. The Toda and Yamamoto (1995)
causality test, founded on the Vector Autoregressive (VAR) model framework established in the
empirical literature, accommodates series with varying integration orders. The bootstrap causality
test proposed by Hacker and Hatemi-J (2006) follows the Toda-Yamamoto causality test protocol,
with critical values obtained by bootstrap Monte Carlo simulation. However, the lag length of the
VAR model used in the Hacker and Hatemi-J (2006) bootstrap causality test is determined
exogenously. To address this limitation, the authors improved the test in 2012 by introducing the
Hacker and Hatemi-J (2012) test, which allows for the endogenous determination of lag length.

Hacker and Hatemi-J (2012) employ the following Vector Autoregressive (VAR) model to
test for Granger causality (Hacker and Hatemi-J, 2012: 146):

Ye =Bo+ BiYe—1+ o+ BeYe—k T U (19)

Here, y;, By and u; represent, respectively, the n x 1 vector, the n x n coefficient matrix for
B;,i = 1, and the error term u, with an expected value of zero. The error vector u; has an expected
value of zero and is assumed to be independent and identically distributed with a non-singular
covariance matrix Q that satisfies the condition E |u; |2t < oo for some A > 0. Here, u, denotes
the i-th element of u,. This assumption is necessary to ensure appropriate testing conditions. Non-
Granger causality from the r-th element of y, to the j-th element of y, holds only if the following
condition is satisfied:

Ho : the element in Byi’s row j, column r is zero for i = 1, ..., k. (20)

Hacker and Hatemi-J, in order to express a Wald test statistic that can be used to test the
null hypothesis defined by Equation (20) in a compact form, assume that there are k pre-sample
values available for each of the y_,,; 1y, variables and define the following matrixes (Hacker
and Hatemi-J, 2012: 159-160):

Y= (3’1,...,)’t) (nx T) matrix, 21)
D= (BO,Bl,...,Bk) (nx (1 + nk)) matrix, (22)
1
o o
L= ly -1 J ((1 + nk)xl)matnx,for t=1,..,T. (23)
J’t—.k+1
Z = (Zy, .. Zr—1) ((1 +nk)xT)matrix, and (24)
S = (éll vy é’[‘) (Tl X T)matrix. (25)
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The null hypothesis of the Hacker and Hatemi-J (2012) test is stated as "no causality,” and
the Wald test statistic (W) necessary to test this hypothesis is derived using Equation (26).

w = (08) 10((Z'2) ® S,)Q'1"1(QA) (26)

Here, @ represents the Kronecker product, which denotes the multiplication of all elements
of the matrices, and Q is a matrix with dimensions k x n(1+nk). S;; is the variance-covariance
matrix of the error terms of the unrestricted VAR model and is defined as S;; = Sy6S'/T — (1 +
nk).

In the Hacker and Hatemi-J (2012) test, the suitable lag length is ascertained endogenously,
and the Schwarz Bayesian Criterion (SBC) applied is defined as follows (Hacker and Hatemi-J,
2012: 147):

- n?InT
SBC =1In(det ;) + k

(@7)

Here, det €, represents the determinant of the estimated variance-covariance matrix of the
error term vector u; when the VAR model is evaluated with a lag order of k. T is the quantity of
observations (time periods) utilized to estimate the VAR model.

4. Empirical Findings

In this study, the conventional LM test was initially applied to determine the stationarity
levels of the series, and the results are reported in Table 3. Examination of the descriptive statistics
for the residual series obtained from the conventional LM test regression indicated, based on the
Jarque-Bera test, that the residuals do not conform to a normal distribution. This finding suggests
that the results obtained from the conventional LM test may not be reliable and are open to
interpretation. Following the conventional LM test, due to the lack of normality in the residuals
of the auxiliary regression models, the stationarity levels of the series were reassessed using
RALS-LM tests, with the results presented in Table 3.

The 1-RALS-LM test statistic in Table 3 is compared with the critical values. If the
calculated test statistic is less than the critical values, the null hypothesis indicating the presence
of a unit root cannot be rejected. According to the RALS-LM unit root test results in Table 3, for
all variables at their level values, the test statistics calculated at the 5% statistical significance
level are, in absolute terms, smaller than the critical values based on p2, and thus, the null
hypothesis cannot be rejected. Based on this result, it can be inferred that the series in the study
follow a unit root process. The presence of a long-term cointegration relationship among the
variables deemed non-stationary at level values by the RALS-LM unit root test was assessed using
the RALS-EG (2015) cointegration test, and the results are reported in Table 4.
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Table 3. Results of Conventional LM and RALS-LM Unit Root Tests

Country Variable Conventional LM Unit Root Test RALS-LM Unit Root Te§t_
7-LM JB 7-RALS-LM p? Decision

CDS -2.03848 5153.94" -1.03302 0.80 1(1)

Tiirkiye ACDS -4,75673 1954.04" ) -4.37834 0.70 1(0)

USDTL -1.59268 448420.96 -1.28828 0.30 1(2)

AUSDTL -6.44397 25824.87" -5.26209 0.30 1(0)

CDS -1.24322 865425.27" -0.12314 0.40 1(2)

Russia ACDS -3,75487 24385.61** -3.55029 0.40 1(0)

USDRUB -4.28477 738632.64 -2.64064 0.40 1(2)

AUSDRUB -4.83062 31759.74" -3.70213 0.60 1(0)

CDS -2.92818 7641.95" -3.12806 0.60 1(1)

China ACDS -7.78085 4476,44" -9.24561 0.60 1(0)

USDCYN -1.52421 810.99" -0.77891 0.80 1(1)

AUSDCYN -5.45726 700.85" -5.34966 0.80 1(0)

CDS -2.17485 19087.21" -2.05003 0.60 1(2)

Brazil ACDS -4.93293 20551.42" -5.06656 0.60 1(0)

USDBRL -1.27903 47.86" -1.15126 0.90 1(2)

AUSDBRL -3.98717 48.56" -3.75562 0.90 1(0)

CDS -3.24087 6490.07" -3.32271 0.60 1(2)

S. Africa ACDS -3.67710 6660.41" -3.60065 0.70 1(0)

USDZAR -1.40531 792.19" -0.57607 0.80 1(2)

AUSDZAR -6.26974 773.01" -6.58102 0.80 1(0)

Note: The critical values for the RALS-LM unit root test are sourced from Meng et al. (2014). For t-
RALS-LM with p?=0.3, the critical values at the %1, %5 and % significance levels are: -3.205, -2.568
and -2.234 respectively. For p?=0.4, the critical values at the %1, %5 and %10 % significance levels are:
-3.299, -2.677 and -2.352. For p?=0.6, the critical values at the %1, %5 and %10 significance levels are:
-3.428, -2.836 and -2.535. p?=0.7, the critical values at %1, %5 and %10 significance levels are: -3.474,
-2.897 and -2.605. p?=0.8, the critical values at %1, %5 and %10 significance levels are: -3.510, -2.947
and -2.667. p?=0.9, the critical values at %1, %5 and % significance levels are: -3.538, -2.990 and -2.715.
The difference operator (A) shows the difference of the variable. * It indicates that the null hypothesis of
normal distribution is rejected at the 5% significance level.

According to the RALS-EG cointegration test results presented in Table 4, for Turkey, p2
is 0.7, and the critical value at the 5% significance level for a single independent variable is -
3.535. Since the calculated T-RALS-EG test statistic of -2.33223 is smaller in absolute terms than
the critical value, the null hypothesis, which states the absence of a cointegration relationship,
cannot be rejected. Based on this result, it is concluded that there is no long-term relationship
between the CDS premium and the exchange rate for Tiirkiye.

Table 4. Results of the RALS-EG Cointegration Test

Country Test Statistic p2

RALS-EGrurkive -2,33223 0,70
RALS-EGgraziL -3,43401 0,50
RALS-EGrussia -4,78972 0,60
RALS-EGchina -3,68877 0,60
RALS-EGs arrica -3,94600 0,60

Note: The critical values are derived from the study by Lee et al. (2015). For the RALS-EG test, the
critical values are as follows: for p?=0.5, the critical value at the 5% significance level is-3.274; for
p?=0.6, the critical value at the 5% significance level is -3.428; and for p?=0.7, the critical value at the
5% significance level is -3.535.
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For Brazil, p2 is 0.5, and the critical value at the 5% significance level for a single
independent variable is -3.274. As the calculated T-RALS-EG test statistic of -3.43401 is larger
in absolute terms than the critical value, the null hypothesis of no cointegration relationship is
rejected. Consequently, it is inferred that a long-term relationship exists between the CDS
premium and the exchange rate for Brazil.

For Russia, China, and South Africa, p2 is 0.6, with a critical value of -3.428 at the 5%
significance level for a single independent variable. The separately calculated tT-RALS-EG test
statistics for these three countries (-4.78972, -3.68877, and -3.94600, respectively) are all larger
in absolute terms than the critical value, leading to the rejection of the null hypothesis of no
cointegration relationship. This result indicates the presence of a long-term relationship between
the CDS premium and the exchange rate for Russia, China, and South Africa.

To assess the magnitude of the detected long-term relationship, long-term coefficient
estimates were obtained, and the results are presented in Table 5. Upon assessing the long-term
coefficients derived from the DOLS and FMOLS methodologies presented in Table 5, it is evident
that the findings are very analogous, signifying a positive impact of the exchange rate on the CDS
premium for each nation. Based on this finding, it can be inferred that an increase in the exchange
rate is likely to raise the CDS premium of the countries.

Table 5. Long-Term Coefficient Estimation Results

Variable Dynamic OLS (DOLYS) Fully Modified OLS (FMOLYS)
Coefficient Probability Coefficient Probability
USD/BRL 2,418055" 0,000 2,417829" 0,000
USD/RUB 4,592034" 0,000 4,505400" 0,000
USD/CNY 3,918522" 0,000 3,881196" 0,000
USD/ZAR 2,045475" 0,000 2,024724" 0,000

Note: *, ** and *** denote significance levels of 1%, 5%, and 10%, respectively.

In the causality test developed by Hacker and Hatemi-J (2012), where the lag length is
determined endogenously, the MWALD statistic—indicating causality from the first to the second
variable—is compared against critical values obtained through the bootstrap method. If the
MWALD statistic falls below these critical values, the null hypothesis (HO), which asserts the
absence of a causal relationship, cannot be rejected, thus leading to the conclusion that no
causality exists between the variables. In this study, the Hacker and Hatemi-J (2012) causality
test was conducted, and the results are presented in Table 6.

Upon examining the results in Table 6, according to the Hacker and Hatemi-J (2012)
bootstrap causality test results, Except for Tiirkiye, a statistically significant causality from
exchange rates to CDS premiums at the 5% significance level has been observed in other
countries. This finding suggests that exchange rate movements influence country risk premiums
in BRICS nations, exerting a meaningful impact on CDS premiums. However, in the analysis
conducted for Turkey, no significant causality from exchange rates to CDS premiums was
identified, indicating that exchange rate fluctuations do not have a notable effect on CDS
premiums in the Turkish context.

The Hacker and Hatemi-J (2012) bootstrap causality test results in Table 6 indicate that, at
the 5% statistical significance level, there is no significant causal association from CDS premiums
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to exchange rates in BRICS countries, with the exception of Turkey. This finding suggests that
CDS premiums have no effect on exchange rates in BRICS countries.

Table 6. Results of the Hacker and Hatemi-J (2012) Bootstrap Causality Test?

MWALD Bootstrap Critical Values®

Hypotheses Test Statistic % % 10% Decision
USDTRY »> CDSTR 1.603 13.327 6.778 4.660 Fail to Reject Ho
CDSTR »> USDTRY 26.873" 13.582 7.072 4,741 Reject Ho
USDBRL »-CDSBRL 15.257" 9.287 5.905 4,536 Reject Ho
CDSBRL »- USDBRL 5.580™" 9.367 6.042 4.652 Fail to Reject Ho
USDRUB =>CDSRUS 34.408" 11.243 6.392 4.690 Reject Ho
CDSRUS »> USDRUB 3.559 10.758 6.105 4.570 Fail to Reject Ho
USDCNY x> CDSCHI 7.144™ 9.465 5.961 4.637 Reject Ho
CDSCHI %> USDCNY 1.369 9.562 6.109 4.720 Fail to Reject Ho
USDZAR > CDSSAF 5.160™ 6.482 3.888 2.674 Reject Ho
CDSSAF »> USDZAR 2.808™" 6.670 3.848 2.672 Fail to Reject Ho

Note: a: The optimal lag length is found by the HJC information criterion. Bootstrap critical values are
derived from 10,000 iterations. *, **, and *** denote the existence of a causal association from the first
variable to the second variable at the 10%, 5%, and 1% significance levels, respectively. The notation =>
in the table denotes the hypothesis of no causality in the specified direction between the respective
variables.

5. Conclusion and Recommendations

This study examines the relationship between CDS premiums and exchange rates in
BRISC-T countries from 2020:01 to 2024:06 utilizing daily frequency data. The study tests
financial time series stationarity with the RALS-LM unit root test, which yields robust results
even for non-normally distributed series. After confirming series stationarity, the RALS-EG
(2015) cointegration test is used to determine cointegration. The long-term RALS-EG (2015)
cointegration test shows that CDS premiums and exchange rates move together in Brazil, Russia,
China, and South Africa except Turkey. DOLS and FMOLS approaches estimate the long-run
coefficient of the exchange rate variable for each nation after determining the cointegration
between CDS premiums and exchange rates. The long-run coefficients of DOLS and FMOLS are
consistent, and exchange rates and CDS premiums are positively and statistically meaningfully
related. The study's findings align with those of Bayhan et al. (2021), Conkar and Vergili (2017),
and Ozpar (2018). The findings for Turkey align with studies by Aksoylu and Gérmiis (2018),
Buz and Kiigiikkocaoglu (2023), and Sar1 (2024). This study uses the Hacker and Hatemi-J (2012)
bootstrap causality test to examine CDS premiums and exchange rates. At the 5% statistical
significance level, Hacker and Hatemi-J (2012) bootstrap causality tests reveal that exchange rates
cause CDS premiums in BRICS nations except Turkey. This suggests that exchange rate swings
affect country risk premiums and CDS premiums statistically. Hacker and Hatemi-J (2012)
bootstrap causality test shows that CDS premiums do not affect exchange rates in BRICS
countries at the statistically significant level, but they do in Turkey at the 1% level.

According to the study's empirical analysis, currency rate changes can have an impact on
the adequacy of foreign exchange reserves and the payback duration for external debt. When a
country's currency rapidly depreciates, the default risks of institutions with foreign currency-
denominated debt rise due to increased costs, resulting in higher CDS premiums. Investors may
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demand an increase in the country's CDS premiums as a result of increased risk perception caused
by financial market uncertainty.

The empirical analysis of the study demonstrates that Turkey varies from BRICS countries.
In August 2018, Turkey implemented restrictions on swap transactions to prevent fluctuations
and speculative trades in the foreign exchange market. To avert the depreciation of the TL and
maintain financial stability, foreign entities were prohibited from supplying TL liquidity in
foreign currency. This occurred due to foreign investors generating speculative fluctuations in the
TL by supplying foreign currency liquidity in the swap market. The imposition of this limitation
on the swap market curtailed foreign investors' access to the Turkish lira and inhibited speculative
activities. The limits on the swap market effectively diminished volatility in the foreign currency
market in the near term; nevertheless, they also resulted in adverse consequences, including
foreign investor withdrawals, liquidity problems, and a decline in domestic market dynamics.

The relationship between CDS premiums and exchange rates is essential for
comprehending sovereign risk and market sentiment. Policymakers must consider the relationship
between CDS premiums and the exchange rate, since it directly influences a nation's borrowing
costs and investor risk perception, in their efforts to maintain economic and financial stability.
Increased CDS premiums reflect heightened economic uncertainties, political risks, and financial
difficulties within a country, signaling a decline in market confidence. Therefore, CDS premiums
can be used as an indicator to assess the effectiveness of economic policies implemented by
policymakers. The reflection of fiscal or monetary policy outcomes on CDS premiums
demonstrates how such policies are perceived and assessed by financial markets. Stabilizing CDS
premiums is crucial for ensuring the healthy functioning of a country's financial markets. To
reduce CDS premiums and maintain stability, policymakers must implement strategies focused
on controlling inflation, ensuring budget discipline, promoting economic growth, strengthening
the financial system, and stabilizing financial markets. Furthermore, strategies to improve the
investment climate play a critical role in achieving these objectives. Since CDS premiums are
influenced not only by domestic factors but also by global economic developments and
geopolitical risks, policymakers should consider external factors and global market sentiments
alongside internal dynamics when formulating or adjusting economic and monetary policies.
From the investors' perspective, an increase in CDS premiums signifies a heightened risk level
for the country, which correlates with an elevated risk of local currency depreciation. The
correlation between exchange rates and CDS premiums offers significant insights into the
influence of economic and financial risks on financial markets. This opens a new subject of study
for future research. Furthermore, in light of advancements in econometrics literature, subsequent
research can be enhanced by employing novel econometric methodologies on an expanded dataset
and diverse nation cohorts.
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Abstract

The COVID-19 pandemic has had a profound effect on the global economy and
financial markets, including a significant impact on the cryptocurrency markets. This
study analyzes the impact of the COVID-19 process on bitcoin price movements.
The study examines the daily price data of bitcoin between 01/03/2020 and
01/04/2022 and uses ARCH and GARCH maodels to estimate volatility. The results
show that there was a significant increase in bitcoin volatility during the initial period
of the pandemic. This reflects a period when the pandemic increased uncertainty in
financial markets and spurred investor interest in cryptocurrencies. While the ARCH
model showed limited success in analyzing the short-term dynamics of volatility, the
GARCH model captured the long-term trends in volatility more effectively.
However, both models were insufficient to fully predict the sudden and extreme
increases in volatility observed during crisis periods such as the pandemic. In
addition to analyzing the impact of the pandemic on cryptocurrency markets, the
study provides important implications for investor behavior and volatility
management. In this context, it highlights the importance of developing risk
management and regulatory frameworks in cryptocurrency markets.

Oz

COVID-19 pandemi siireci kiiresel ekonomi ve finansal piyasalar {izerinde derin
etkiler birakmis olup bu durum kripto para piyasalarini da dnemli 6l¢iide etkilemistir.
Bu ¢aligmada COVID-19 siirecinin Bitcoin fiyat hareketleri tizerindeki etkileri analiz
edilmigtir. Arastirmada, Bitcoin'in 01/03/2020- 01/04/2022 tarihleri arasindaki
giinliik fiyat verileri incelenmis ve ARCH ve GARCH modelleri kullanilarak
volatilite tahmini yapilmigtir. Bulgular pandeminin baslangi¢c déneminde Bitcoin’in
volatilitesinde belirgin bir artis oldugunu gostermektedir. Pandemi dénemi finansal
piyasalardaki belirsizlikleri artirmakla birlikte yatirimcilarin kripto paralari ilgisinin
de yiikseldigi bir donemi yansitmaktadir. Caligmada kullanilan ARCH modeli,
volatilitenin kisa vadeli dinamiklerini analiz etmede sinirli bir basar1 gosterirken,
GARCH modeli sonuglari volatilitenin uzun vadeli egilimlerini daha etkili bir sekilde
yakalamistir. Bununla birlikte her iki model de pandemi gibi kriz dénemlerinde
gbzlemlenen ani ve ekstrem volatilite artiglarini tam anlamiyla dngérmekte yetersiz
kalmigtir. Calisma, yalnizca pandeminin kripto para piyasalarindaki etkilerini analiz
etmekle kalmayip, yatirimci davranislari ve volatilite yonetimi konularinda da
onemli ¢ikarimlar saglamaktadir. Ayni zamanda kripto para piyasalarinda risk
yonetimi ve diizenleyici gergevelerin gelistirilmesinin 6nemine isaret etmektedir.
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1. Introduction

Cryptocurrencies are virtual currencies traded in technology-based financial systems. They
are typically produced digitally by individuals or institutions rather than by countries.
Cryptocurrencies are generally used in the market for investment purposes rather than commercial
transactions. Bitcoin is considered the first digital currency. Although thousands of
cryptocurrencies have been launched over time, bitcoin is still considered to have a high
transaction volume. While the strengths of cryptocurrencies include ultra-secure encryption, the
inability to make the desired redirects and the inability to change the amount, the difficulty of
acceptance, lack of account security, inability to be taxed and money laundering risks are the
weaknesses of the system (Cetinkaya, 2018: 20). In particular, hacking of digital wallets and
exchanges can lead to users losing their assets. In addition, phishing attacks and malware also
pose serious threats to cryptocurrency owners. The fact that governments around the world do not
have a legal infrastructure for cryptocurrencies and that cryptocurrencies are not backed by a
government guarantee exacerbates the problems associated with this issue. Having a decentralized
payment system is an important advantage because there is no dependency problem on institutions
and individuals.

The number and usage of traded crypto assets are increasing every day. Although Bitcoin
was not very popular in its early years, its popularity increased with the rapid rise in its price in
later years, and it is the cryptocurrency with the most transactions (Ngunyi, 2019: 591). Initially,
it was only used for investment purposes, but over time it began to be used for commercial
transactions, albeit to a lesser extent (Dilek, 2018: 16). Fluctuations in the price of bitcoin bring
with them the risk of large gains and losses, so examining the volatility of bitcoin can provide
important data for investors.

The COVID-19 pandemic has significantly affected the use and value of cryptocurrencies.
As global economic uncertainties increased during the pandemic, many investors sought safe
havens. For risk-averse investors, bitcoin and other cryptocurrencies have come to the forefront
as alternative investment vehicles during this period. The increased demand for digital and
contactless payment methods during the pandemic has increased the adoption rate of
cryptocurrencies. However, the negative impact of COVID-19 on economies has increased the
volatility of cryptocurrencies and caused speculative movements in the markets. The pandemic
has revealed the potential of cryptocurrencies to be used not only for investment purposes but also
for everyday financial transactions. This process has strengthened the position of Bitcoin and
other cryptocurrencies in the financial system. At the same time, it has caused regulators and
governments to reevaluate their attitudes toward these new financial instruments. In the post-
pandemic period, discussions about the legal regulations and security protocols of
cryptocurrencies are expected to intensify (Yermack, 2020).

With the COVID-19 pandemic affecting the entire world, there has been an increase in the
number of deaths and cases. This situation has posed a major threat to economies and has caused
economies and stock markets to react quickly to risk perceptions around the world. The
uncertainty experienced has led to quite sharp declines in stock markets. The pandemic period,
which has even affected the growth and development indices of countries, has caused quite high
losses in value. It can be said that the most curious feature of cryptocurrencies, which can be
bought and sold 24/7 without any trading day limit, is the price volatility (Guizani and Nafti,
2019; Saleh, 2019). The autoregressive conditional heteroskedasticity (ARCH) model is often
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used in these volatility calculations. Since financial time series generally do not show a normal
distribution, ARCH models and their derivatives are commonly used to solve these problems
(Kahraman et al., 2019).

With the development of the ARCH model, many generalized ARCH models have
emerged. The most popular are the symmetric GARCH model and the non-symmetric EARCH,
PARCH, and TGARCH models. These models allow more accurate estimation of volatility and
risk in financial time series. This study aims to analyze the volatility dynamics of bitcoin prices
during the COVID-19 pandemic. In this context, the effects of the pandemic on the price
movements of bitcoin have been comprehensively examined using the ARCH and GARCH
models. A fundamental framework for examining volatility dynamics, especially in financial data,
is offered by the ARCH and GARCH models. This study aims to investigate general volatility
dynamics and evaluate the effects of the COVID-19 pandemic, even though EGARCH and
TGARCH models are known in the literature for their better performance in modeling asymmetric
effects and more accurately capturing the impact of negative shocks (Ni et al., 2022; Marisetty,
2024). Since the study's main goal is to shed light on the broader market behavior during this
extraordinary global event, ARCH and GARCH models were thought to be better suited for
capturing the overall volatility patterns.

The originality of the study lies in the limited number of studies examining the effects of
the pandemic on volatility and investor behavior in cryptocurrency markets. In addition, a detailed
examination of Bitcoin's responses to positive and negative shocks provides important insights
for understanding the dynamics of these new investment instruments in the financial system. In
this respect, the present study aims to contribute to the literature by providing important insights
from both an academic and an investor perspective.

2. The Impact of the COVID-19 Pandemic on Financial Markets

Stock markets reflect political, cultural, social, and economic developments in prices.
Information appearing on the stock exchanges receives very fast reactions. With the COVID-19
pandemic affecting the entire world, there has been an increase in the number of deaths and cases.
This situation has posed a great threat to economies and has allowed economies and stock
exchanges to react quickly to risk perceptions around the world. The uncertainty experienced has
led to quite sharp declines in stock markets. Situations such as curfews, closures of workplaces,
mandatory use of masks and health equipment, and the suspension of activities of production and
service companies have increased the perception of risk and fear in global markets. Despite the
declaration of a pandemic, the lack of a vaccine or medicine to treat the COVID-19 virus, the
increase in deaths and severe illnesses, the rapid spread of the epidemic around the world, and the
lack of information on how to take precautions against this epidemic have paved the way for sharp
sell-offs on the stock markets. There have been historic declines in stock markets and
cryptocurrency markets. If we look at the U.S. stock markets, the sharp declines that occurred in
the second week of March reached 7%, and more daily, circuit breakers were implemented (Senol,
2020).

Table 1 shows the declines experienced by some of the world's leading stock exchanges
and Borsa Istanbul in Turkey after the global pandemic was declared by the World Health
Organization on March 11, 2020. Just one day later, on March 12, 2020, it was observed that the
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S&P 500 U.S. Stock Exchange lost 9.51%, the Developed Markets Index lost 9.91%, the
NASDAQ lost 9.43%, the SHCOMP Stock Exchange lost 1.52%, the NIKKEI lost -4.41% and
the Emerging Markets Index lost 6.71%. In addition, the BIST100 index in Turkey lost 7.25%. If
we look at this table, we can see that the highest percentage loss was in the CAC40 stock exchange
and the lowest decrease was in the SCHOMP stock exchange with 1.52.

Table 1. Percentage Change Between Global Pandemic and Stock Indices

Index Index Value Return (%)
S&P 500 2.741 -9,51
MSCI-DM 1.972 -9,51
CCO-NASDAQ 7.952 -9,43
DAX 10.439 -12,24
FTSE 100 5.877 -10,87
CAC40 4.61 -12,27
NIKKEI 225 19.416 -4,41
HANG SENG 25.232 -3,66
SHCOMP 2.969 -1,52
SENSEX 35.697 -8,18
RTSI(RUSYA) 1.086 -11,03
MSCI-EM 947 -6,71
BIST 100 1.009 -7,25

Source: Kazan (2020).

From the first day of the outbreak in Turkey, the value of the BIST100 index decreased
from 1,159 to 936. If we look at these figures, there was a loss of approximately 20% (Karpuz
and Kog, 2022). As can be seen in the table, the losses of approximately 30% in the world's major
stock market indices during this period also increased the volatility rates in the stock markets. The
return volatility levels experienced during the COVID-19 pandemic are very close to the volatility
levels experienced during the 2008 global crisis. The declines experienced on some days have
brought them to historical levels. For example, at the beginning of the pandemic, on March 16,
2020, the losses experienced were 11% on the U.S. stock market, 10.7% on the French stock
market, 8.65% on the U.K. stock market, 11.3% on the Italian stock market, and 8.65% on the
Turkish BIST 100. The losses experienced on March 12, 2020, in the table are among the
historical declines in the Dow Jones Index. In addition, the 13% decline experienced on March
16, 2020, is the third-highest single-day decline in the history of the Dow Jones Index. The decline
experienced during the Great Depression on October 28, 1929, is equal to the 13% decline
experienced on March 16, 2020. At the same time, looking at other economic indicators, the asset
with the largest decline in yield was the yield on US Treasury bonds. Immediately after that,
however, the price of oil fell sharply. As the pandemic spread around the world, central banks
also adopted a policy of lowering interest rates. The FED cut rates to 1.75% and then to 0%. Japan
and Europe made no changes as their interest rates were negative. While the US 2-year Treasury
rate was 1.5% at the beginning of the year, it fell to 0.15% in May, a total decline of 85%. The
Central Bank of Turkey reduced interest rates three times during the pandemic and the last level
remained at 8.25% (Senol, 2020).

If we look at the world, there has been a decrease in the prices of materials and substances
in many sectors, especially energy. The reason for this is the decrease in production and
consumption levels. Historic declines have been experienced in the price of oil, one of the largest
sectors. The price of a barrel of Brent oil, which was $71 on January 6, 2020, fell to $18 on April
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22, 2020, a decrease of 74%. According to the International Energy Agency (IEA), oil demand in
2020 has decreased by 57% (IEA, 2020).

3. The Impact of the COVID-19 Pandemic on Cryptocurrency Markets

With many people around the world forced to stay at home, digitization has increased
across all platforms, combined with the driving force of technology. In the process, consumers
have experienced more digital services than ever before. In the 2020-2021 period, when the
pandemic was most effective, changes in investor behavior were observed (Oztiirk and Dilek,
2021). If we look at Bitcoin, which is known as the first crypto asset and still has the largest
market value, it was much more affected by the Covid-19 period. As of May 11, 2024, there are
19.6 million bitcoins in circulation (Blockchain, 2024). It is estimated that the production of this
encrypted coin, which is limited to a total of 21 million, will continue until 2140 (Goktas and
Aksu, 2021). Bitcoin is the crypto asset with the highest market value.

Currently, there are hundreds of active crypto assets in the market. As of July 2024, the top
10 crypto assets with the highest market value were identified as Bitcoin, 18.34% Ethereum,
Tether, BNB, Solana, XRP (Ripple), USDC, Dogecoin, Toncoin, and Cardano. The total value of
crypto assets, which could reach $3 trillion by 2021, has fallen to $2.5 trillion by July 2024
(https://coinmarketcap.com/charts/). The pandemic, when people were confined to their homes,
combined with the impact of technology, increased activity on all digitized platforms, and
consumers benefited from the service experiences they received digitally. There has also been
curiosity and an increase in cryptocurrency markets and supporting platforms (Oztiirk and Dilek,
2021). With the declaration of the pandemic by the World Health Organization, the prices of BTC
and ETH decreased by about 50% on March 12, 2020. Later, institutional investors such as
Grayscale, Square, and MicroStrategy announced large BTC purchases. Coinbase was listed on
the NASDAQ under the name COIN in April 2020. According to Forbes, the global crypto ETF
market grew 549% in November 2021 compared to the end of 2020. Many new business forms
have emerged, namely decentralized finance (DeFi) and NFT. The DeFi market will reach $300
billion by the end of 2021.

Table 2. Bitcoin and Ethereum Returns

Cumulative 2020 % Change Cumulative 2021 % Change

Return in 2020 (Start-to-End of Return in 2021 (Start-to-End of
(USD %) Year) (USD %) Year)
BTC 170,9 315,2 77,6 448
ETH 226,4 479,1 2193 254,0

Source: https://finance.yahoo.com/

In Table 2, the returns of Bitcoin and Ethereum are shown as daily and annual returns based
on 2020 and 2021. Looking at 2020, Bitcoin's cumulative return was 170.9%, while the change
in year-end value was 315.2%. Looking at 2021, these numbers dropped from 77.6% to 44.8%.
Looking at these values for Ethereum, while the cumulative return in 2020 was 226.4%, the
change in the year-end value in 2020 was 479.1%. Looking at 2021, these values appear to be
219.3%. Looking at the year-end change in 2021, we can see that the Ethereum price is 254.0%.
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Looking at this, it can be said that Bitcoin and Ethereum provided very high returns during the
pandemic period.

4, Literature Review

Today, with the impact of technological advances, money transfers, and commercial
transactions are largely conducted over the Internet. With the increasing use of technology,
interest in virtual currencies has grown rapidly. Especially during the COVID-19 pandemic,
interest in cryptocurrencies has increased even more with the reduction of physical contact and
the acceleration of digitalization. Discussions about the functioning, advantages, disadvantages,
price movements, and system of bitcoin occupy an important place in the academic literature. The
COVID-19 pandemic added a new dimension to these discussions and drew more attention to the
potential role of bitcoin. During the pandemic, the loss of trust in traditional financial systems has
increased people’s interest in digital assets. In addition, the uncertainties experienced in
traditional financial markets during the pandemic have increased demand for the value of digital
assets such as bitcoin and led to significant fluctuations in their prices. The COVID-19 pandemic
has accelerated the digitization of financial infrastructure and contributed to the greater
acceptance of cryptocurrencies on a global scale.

The study conducted by Kristoufek (2013) analyzed the relationship between search
volume and price movements of the cryptocurrency Bitcoin on Google Trends and Wikipedia.
The study hypothesized that the popularity and demand of Bitcoin could affect the price of this
digital asset. The results of the study show that Bitcoin experiences increased interest during
periods when its prices are high, and this interest further increases its prices. Christopher (2014)
examined the process of processing Bitcoin in terms of money laundering legislation in the US
government, and mentioned the difficulties that Bitcoin can be used as a malicious virtual
currency and the possible difficulties in combating crimes in this direction. In this analysis, it was
emphasized that the anonymous and decentralized structure of Bitcoin may make it difficult to
prevent its use in illegal activities such as money laundering and that existing legal regulations
may be inadequate to prevent such misuse of Bitcoin.

MacDonell (2014) studied the price bubble phenomenon in Bitcoin and found that a bubble
occurred in 2013. The study highlighted the reasons for this bubble, such as the lack of reliable
bitcoin platforms and the intensity of black-market transactions. It also emphasized that the high
price volatility in the market created an environment open to speculation. In particular, as demand
for bitcoin increased, investors turned to black market transactions due to the scarcity of reliable
platforms, creating uncertainty and volatility in the market. It has also been noted that the high
volatility of bitcoin prices has contributed to the market being open to speculation. High price
volatility can encourage investors to enter and exit the market in search of quick profits, which
can lead to bubble-like conditions.

Chu et al. (2015) made a mathematical analysis of eight different exchange rates based on
BTC/USD rates. When we consider the last 2 years, they determined that the BTC/USD rate has
increased more than 50 times and that Bitcoin has high volatility. Georgoula et al. (2015) used
time series analysis in their study to investigate the relationship between the basic financial values
of Bitcoin prices, Twitter data, and values developing with technology. According to the results
of the study, a positive situation was determined between the pricing made on Bitcoin in the short
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term and Twitter data. Baek and Elbeck (2015), In their study, researchers used daily return data
sets of Bitcoin and the American stock market index and tried to determine whether Bitcoin is
open to manipulation. As a result of their analysis, they stated that the Bitcoin money market has
a volatility of 26 times that of the S&P 500 and that Bitcoin has a speculative structure. These
findings show that Bitcoin has a higher risk and speculative character compared to other assets in
the financial markets. In his study, Dyhrberg (2016) investigated the economic viability of Bitcoin
using GARCH maodels. In the model, Bitcoin functions as a hedge against change and risk, similar
to gold and dollars, and shares several similar characteristics. In addition, it can be said that
Bitcoin’s volatility changes over time and is acceptable in the long term. These findings help us
better understand Bitcoin’s place in financial markets and the opportunities it provides for
investors.

Chu et al. (2015) conducted a mathematical analysis of eight different exchange rates based
on the BTC/USD rate. Considering the last two years, they found that the BTC/USD rate has
increased more than 50 times and that bitcoin has high volatility. Georgoula et al. (2015) used
time series analysis in their study to examine the relationship between the fundamental financial
values of Bitcoin prices, Twitter data, and values that develop with technology. According to the
results of the study, a positive situation was found between the short-term prices of bitcoin and
Twitter data. Baek and Elbeck (2015), In their study, the researchers used daily return data sets
of Bitcoin and the American stock market index and tried to determine whether Bitcoin is open
to manipulation. As a result of their analysis, they found that the bitcoin money market has 26
times the volatility of the S&P 500 and that bitcoin has a speculative structure. These findings
show that bitcoin has a higher risk and speculative nature compared to other assets in the financial
markets. In his study, Dyhrberg (2016) examined the economic viability of Bitcoin using GARCH
models. In the model, Bitcoin acts as a hedge against changes and risks, similar to gold and the
dollar, and shares some similar characteristics. In addition, it can be said that Bitcoin’s volatility
changes over time and is acceptable in the long run. These findings help us better understand
Bitcoin’s place in the financial markets and the opportunities it presents to investors.

Stavroyiannis (2017) examined Bitcoin, Ethereum, Ripple, Litecoin, and the S&P 500
index as examples of risk management in his study. He tested 10-day VaR and Expected Shortfall
(ES) methodologies. The data obtained showed that cryptocurrencies are risky. This finding
emphasizes that cryptocurrencies have high volatility and should be carefully considered in terms
of risk management. In his study, Katsiampa (2017) investigated the most appropriate model for
price volatility in the financial valuation of bitcoin. According to the results of the study, it was
analyzed that the long-term variance in the bitcoin market is not constant and varies with the
process. However, it was found that the most applicable model is the AR-GARCH model. These
results show that the price volatility of bitcoin is not constant and can change over time. The AR-
GARCH model was found to be an effective tool for estimating the volatility of bitcoin prices.
The study by Yildinm and Bekun (2023) used weekly opening prices between November 24,
2013 and March 22, 2020, and calculated log returns. The results of the analysis showed that the
GARCH model was more successful in capturing the volatility of Bitcoin compared to the ARCH
and EGARCH models.

Studies of the cryptocurrency market examine Bitcoin’s price volatility and speculative
structure from a broad perspective. Studies generally show that Bitcoin’s popularity, demand, and
price movements are interrelated and that it is a speculative market with high volatility. Volatility
estimation models such as ARCH and GARCH have been used as an effective method to analyze
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bitcoin’s price movements, and these methods have contributed to understanding bitcoin’s risk
dynamics in financial markets. In general, it has been emphasized in the literature that bitco’n
carries high risk compared to traditional financial assets and its fluctuations are higher than other
assets. In addition, it has been found that macroeconomic indicators and social media data can be
determinants of bitcoin price formation.

However, there is no study in the literature that specifically addresses the COVID-19
pandemic period. Examining the dynamics of cryptocurrency markets during the pandemic
process is very important to fill this gap in the existing literature. This study aims to both bring a
new perspective to the literature and test existing methods in the context of this extraordinary
period by analyzing the impact of the pandemic on volatility and investor behavior in
cryptocurrency markets. In doing so, it aims to contribute to a better understanding of the impact
of extraordinary conditions such as the pandemic on markets.

5. Data and Research Methodology
5.1. Data

In the study, the volatility of bitcoin during the pandemic period was tested using ARCH
and GARCH models. The dataset consists of a 763-day price/time series consisting of Bitcoin’s
daily closing prices, including the weekend between 03/01/2020 and 04/01/2022, and was
obtained by generating historical data from the Coinmarketcap.com website. Additional
macroeconomic and market factors, such as the post-pandemic recovery and regulatory reforms,
would have been included in the dataset if it had been extended past April 1, 2022. This restriction
is regarded as a study limitation. In the study, comparisons were made using volatility prediction
models for bitcoin, a cryptocurrency.
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Figure 1. Bitcoin Price Change

Figure 1 shows bitcoin price movements over time. Daily bitcoin price information for the
period 01.03.2020-01.04.2022 is shown based on US dollars. At the beginning of 2020, the price
was below $10,000, reached $10,000 by mid-year, and increased rapidly after October, reaching
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$29,000. In 2021, the increase continues and exceeds $60,000, but prices then fall and fluctuate
between $30,000 and $40,000.
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Figure 2. Bitcoin Return Rates

Figure 2 illustrates the daily return rates of Bitcoin over time. During the period from 2020
to 2022, significant fluctuations in return rates can be observed. The graph highlights periods of
high volatility while showing that the return rates generally oscillate between positive and
negative values.

5.2. ARCH Method

Modeling on time series generally suggests the assumption of constant variance of error
terms. However, this assumption is often not valid for data observed in financial markets. The
ARCH model is a type of regression model used to model the variance of variables in time series.
It was first developed by Robert F. Engle in 1982 and has become well-established in the
literature. The ARCH model models how the variance in a time series changes based on past
values. For instance, a first-order autoregressive model (AR(1)) is expressed as yi= ayr1t U
(Brooks, 2008). Where y:: Observed value at time t, a: Autoregressive coefficient of the AR(1)
model, y.1: Observed value at time .1, ut: Random error term (noise) at time t.

The parameters of the ARCH model are generally estimated using the Maximum
Likelihood Estimation (MLE) method. This method is used to determine the parameter values
that best fit the data set. The ARCH(p) model is typically formulated as follows (Engle, 1982).

he=ao Xi—, aiuf_; 1)

Where h,: Represents the conditional variance at time t, a,: The constant term, a;:
Coefficients of the ARCH terms for the lagged squared residuals1=1,2,3...,p, uZ_;: The error term
(residual) at time t—i.

The ARCH model aims to capture a volatility structure that changes over time by modeling
the effect of the squares of past errors through these terms. Recent developments in financial
econometrics suggest the use of nonlinear time series models to model risk and expected return.
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Bera and Higgins (1993: 315) note that an important contribution of the ARCH literature is that
it shows that changes in volatility in economic time series are predictable and that these changes
may be due to certain types of nonlinear dependencies rather than to external structural changes.
The assumption of constant volatility over a given period is statistically inappropriate, and it has
been argued that volatility is an inconsistent concept as the series progresses over time (Engle,
1982: 987-1008). The situation observed in financial markets is that large returns are accompanied
by larger returns and small returns are accompanied by smaller returns, suggesting that there is a
serial relationship between returns. Homoscedasticity means that the error terms are constant
when the expected value is squared (Brooks, 2003). However, ARCH and GARCH models are
designed to model the heterogeneous variance observed in financial data (Bollerslev, 1986: 307-
327). These models reflect the fact that the variances of the error terms are not equal and may be
larger in some periods than in others. ARCH and GARCH models are widely used forecasting
models in financial applications. Therefore, it was decided that the above methods were
appropriate to use in the study of bitcoin price volatility during the pandemic period.

5.3. GARCH Method

The GARCH model, which is an improved and differentiated version of the ARCH model,
was proposed by Bollerslev (1986) as an alternative to the problem of excessive data estimation
in the ARCH model. Unlike the old model, this model has deeper past-period effects and a more
flexible structure. In GARCH models, the conditional variance at time ‘t” does not only depend
on the previous values of the error term but also has to take into account the previous values of
the conditional variance. The two factors affecting the past values are the variance due to the error
term and the conditional variance (Bollerslev, 1986).

h2= aor a1B2_1+ B2 5+......... + agBf_ g+ Bqhi_, (2)

Non-negativity Condition ao>0 which ensures that the conditional variance is non-
negative.

Ai>0,1=1, ..,p-1,2>0,8>0,=1,...,q-1,B,>0 3
Using the relevant lag terms, the model can be expressed as:
a(L)= anL+...+aPLP B(L)=B1L+...+BqLq 4
This results in the following formulation:
h? = agta(L) % + B(L) 1% )

By following this method, it becomes evident that &2 directly follows the process.
Considering these equations, the model structure and parameter constraints can be understood.

v,=0% (6)
E[Utl It—l] = E[Szt - h2t | It—]_] =0 (7)

Thus, the relationship with v does not exist, and it satisfies the condition of having zero
mean. The white noise condition will have been fulfilled.

B3=h?+v, ®)

&4 =aotar +aBZ_,+. ... tag Ept PrEia Vea)t... + BpEp- Vepy Vp 9)

———————
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4= a0 Yieq(a + Bi) it vi)-Xh_, Bi ve (10)
The key point for estimating the equation of unconditional variance and serial dependence
is its similarity to the ARCH methodology (Kirchgdssner and Wolters, 2007: 252-254).

— E[e2]=__ %0 "
V(&)= Eled=— 50 w

For the existence of variance in the following method:
a(+B(1)=27_  ai + L, Bi<1 (12)
The above equality must hold.

The GARCH model, like the ARCH maodel, is limited in that it responds the same way to
both negative and positive effects. Additionally, recent studies on high-frequency financial time
series have shown that the GARCH model’s distribution does not decline as rapidly as the
student’s t-distribution (Tsay, 2005). GARCH models include features such as the conditional
variance being a stochastic variable with sequential dependency, st? following an ARMA model,
and errors being unconditionally leptokurtic and symmetrically distributed.

The conditional variance can be expressed as follows (Brooks, 2008):
hi = a0 + a(L) BE+ B(L) hi

When the unconditional variance of the process is given as:

s a0
% = T=a - B &)
By substituting aowith o (1- a(1) — (1)) into the equation:
he=a5(1- a(1) - B(1))+a(L) BF + B(L) hf
This can be rearranged as:
ht — 2 = o(L) B — o2 o(1) + B(L) h¢-a2B(1) (14)

Simplified as:
=o(L)( BF ~ 05 )+ BL)( b~ 03 )

In conclusion, the unconditional distribution is symmetric and leptokurtic. GARCH models
exhibit complexity in their moment structure. The equation holds only when the respective
parameters are zero. Changes in high or low volatility are dependent on such variations.

6. Empirical Findings

To address stationarity issues, return rates were used instead of cryptocurrency prices.
The study was conducted using the most comprehensive data available, covering the beginning
and progression of the COVID-19 pandemic. The data period for Bitcoin spans from 01.03.2020
t0 01.04.2022, which includes the COVID-19 pandemic. Table 3 provides information explaining
Bitcoin’s return rates.
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Table 3. Descriptive Statistics of Cryptocurrency Return Rates

Average 0,00305
Maximum 0,18746
Minimum -0,37170
Standard Deviation 0,04022
Skewness -0,076301
Kurtosis 11,3570
Jarque-Bera Test (P-Value) 3944,44(0,000)*
Number of Observations 763

Note: * Statistically significant at the level of p < 0.01.

Bitcoin’s average daily return is calculated to be 0.305%. This generally indicates a positive
return rate and shows that bitcoin, on average, provides investors with a positive return over the
long term. Bitcoin's yield rates fluctuate within a wide range. The maximum return rate was
18.746% on 02/08/2021, while the minimum return rate was -37.170% on 03/12/2020. This shows
that there are large fluctuations in the price of bitcoin and investors should be prepared for such
fluctuations. The standard deviation value of 0.04022 shows that bitcoin's return rates have high
volatility. High volatility means both large profit opportunities and large losses for investors. The
skewness value is -0.076301, indicating that the distribution of returns is not symmetric and has
a slightly negative skew. This shows that bitcoin returns are concentrated slightly below the mean.
The kurtosis value is 11.3570, indicating that the distribution has sharper peaks and thicker tails
than the normal distribution. Higher kurtosis indicates that extreme return rates occur more
frequently.

Bitcoin’s average daily return is calculated to be 0.305%. This generally indicates a positive
return rate and shows that bitcoin, on average, provides investors with a positive return over the
long term. Bitcoin's yield rates fluctuate within a wide range. The maximum return rate was
18.746% on 02/08/2021, while the minimum return rate was -37.170% on 03/12/2020. This shows
that there are large fluctuations in the price of bitcoin and investors should be prepared for such
fluctuations. The standard deviation value of 0.04022 shows that bitcoin's return rates have high
volatility. High volatility means both large profit opportunities and large losses for investors. The
skewness value is -0.076301, indicating that the distribution of returns is not symmetric and has
a slightly negative skew. This shows that bitcoin returns are concentrated slightly below the mean.
The kurtosis value is 11.3570, indicating that the distribution has sharper peaks and thicker tails
than the normal distribution. Higher kurtosis indicates that extreme return rates occur more
frequently.

The Jarque Bera test result is 4169.14 and the p-value is 0.000. This result clearly shows
that bitcoin return rates do not conform to a normal distribution. This Jarque Bera test result shows
that Bitcoin's return rates violate the assumption of normal distribution, and therefore the
assumption of normal distribution should be used cautiously in financial models. This analysis
was performed using a total of 763 days of data. This period includes the COVID-19 pandemic.
The high volatility and uncertainty in the markets during the pandemic period also caused
significant fluctuations in the return rates of cryptocurrencies.
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Tablo 4. Unit Root Test Results for Bitcoin

ADF(p) PP(p)
Constant Constant and Trend Constant Constant and Trend
-29,68*(0) -29,69*(0) -29,69*(1) -29,68*(1)
[0,000]* [0,000]* [0,000]* [0,000]*

Note: * Significant at the 1% level, ** Significant at the 5% level, *** Significant at the 10% level. The
values in square brackets represent the p-values. The number in parentheses next to the test statistic
indicates the optimal lag length, determined according to the Schwarz information criterion. The PP unit
root test applies the Newey-West Bandwidth and Bartlett Kernel automatic selection method.

The study analyzed whether the model had a unit root prior to estimation. According to the
results of the ADF and PP tests presented in Table 4, it was determined that the series was
stationary. The fact that the probability values (p-value) of the tests were less than 0.05 indicates
that the series was stationary at the level. The results of the ADF and PP unit root tests support
the stationarity hypothesis. Stationarity of financial time series can be considered as an indicator
that volatility is predictable. Table 5 shows the results of the ARCH model calculated for the
return rates of bitcoin. This analysis explains the volatility dynamics of bitcoin returns and the
parameters of the model. No heteroskedasticity problem was observed in the ARCH(1,1) model,
where appropriate lag lengths were determined using the ARCH-LM test. The a coefficient of the
model was found to be 0.0180 and is statistically significant. This result shows that the model in
question can be used effectively in estimating the volatility of Bitcoin.

Tablo 5. ARCH Model Results

Average 0,3046
Standard Deviation 0,040256
Variance 0.001621
Constant 0,003029
Unconditional Variance (omega) 0,001585
ARCH Parameter (alpha) 0,0180
Long-run Volatility 0,040174
Log Likelihood 1368,71

Bitcoin's average daily return rate is calculated to be 0.3046%. This rate shows that Bitcoin
generally provides positive returns to investors over the long term. The positive average return
indicates that bitcoin can be a profitable investment for investors. However, these returns are
highly variable. The standard deviation is 4.0256% and the variance is 0.001621. These values
indicate that bitcoin returns are highly volatile and that investors may experience large
fluctuations. High volatility means that returns can change significantly in certain periods, which
indicates that the level of risk is high. The constant term (mu) in the ARCH model is calculated
to be 0.3029%. This value represents the average return level of the model and shows the general
trend of bitcoin returns. The unconditional variance (omega) is 0.001585 and indicates the base
volatility level of the model. This base level reflects the volatility level of the market under normal
conditions. The ARCH parameter (alpha) 0.0180 shows that the effect of the volatility of the
previous period on the volatility of the current period is weak, which means that the market is less
uncertain and more stable. This means that the market can be more predictable for investors and
shows a positive sign in terms of risk management. The long-term volatility is calculated to be
4.0174%. This value shows that bitcoin returns have high volatility in the long run. This level,
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where volatility levels off over time, is an important indicator for investors to consider in their
long-term strategies. High long-term volatility indicates that market fluctuations are continuous
and the risk level will be high in the long run. The log-likelihood value was determined to be
1368.71. This value indicates how well the ARCH model fits the data set and explains the data.
A high log-likelihood value demonstrates that the model is appropriate and valid, effectively
capturing the volatility of Bitcoin returns.
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Figure 3. Realized and Conditional Volatility of Bitcoin (ARCH)

Figure 3 shows the realized volatility (gray) and conditional volatility (orange) between
01/03/2020 and 01/04/2022. The pandemic period started around March 2020 and a significant
increase is observed on the graph during this period. It is observed that the realized volatility was
quite high at the beginning of the COVID-19 pandemic in March 2020. During this period, there
was a general atmosphere of uncertainty and panic in the financial markets, and the
cryptocurrency markets experienced large fluctuations. After the initial shock of the pandemic, a
general decrease in volatility was observed and the market became more stable. It can be seen
that the blue line shows sudden spikes at certain intervals throughout the chart; these fluctuations
may have occurred due to factors such as news, regulations, and major investment moves in the
cryptocurrency market. The orange line, the conditional volatility, shows less fluctuation
compared to the realized volatility and shows that the ARCH model is more stable in estimating
the expected volatility of the market. In general, we can see that conditional volatility remained
low and stable throughout 2020 and 2021, while realized volatility increased at certain intervals.
This indicates that unexpected events occurred in the market and caused greater volatility than
expected. The chart clearly shows the impact of the pandemic on market behavior and how such
global events can threaten financial stability.
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Table 6. GARCH Model Results

Average 0,03046
Standard Deviation 0,04023
Variance 0.001618
Constant (mu) 0,001569
Unconditional Variance (omega) 0,000271
ARCH Parameter (alpha) 0,0486
GARCH Parameter (beta) 0,7802
Alpha + Beta 0,8288
Long-run Volatility 0,03976
Average 1378,22

Table 6 shows the results of the GARCH model. Bitcoin's average daily return rate is
calculated to be 0.03046%. This rate shows that Bitcoin generally provides positive returns to
investors over the long term. The positive average return indicates that bitcoin can be a profitable
investment for investors. However, these returns are highly variable. The standard deviation is
4.023% and the variance is 0.001618. These values indicate that bitcoin returns are highly volatile
and that investors may experience large fluctuations. High volatility means that returns can
change significantly in certain periods, indicating that the level of risk is high. Based on the
GARCH model, the constant term (mu) in the model is calculated to be 0.001569%. This value
represents the average return level of the model and shows the general trend of bitcoin returns.
The unconditional variance (omega) is 0.000271 and indicates the base volatility level of the
model. This base level reflects the volatility level of the market under normal conditions. The
ARCH parameter (alpha) is calculated to be 0.0486. This parameter indicates that the volatility
depends on the squared error (volatility) of the previous period. In other words, large fluctuations
in the previous period affect the volatility of the current period, thus ensuring the continuity of
volatility. This situation is important in explaining the uncertainty and volatility trend of bitcoin
returns over time. The GARCH parameter (beta) was determined to be 0.7802, which represents
the long-term effects of volatility. The sum of the alpha and beta parameters, 0.8288, shows that
volatility is quite persistent and the effects of shocks last for a long time.

Long-term volatility was calculated as 3.976%. This value shows that Bitcoin returns have
high volatility in the long term. This level, where volatility will balance over time, is an important
indicator that investors should consider in their long-term strategies. High long-term volatility
indicates that market fluctuations are continuous, and the risk level will be high in the long term.
The log-likelihood value was determined as 1378.22. This high value shows how well the
GARCH model fits the data set and how well the model explains the data. A high log-likelihood
value indicates that the model is appropriate and valid and can effectively explain the volatility
of Bitcoin returns.
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Figure 4. Realized and Conditional Volatility of Bitcoin (GARCH)

Figure 4 compares volatility estimates and realized volatility between 03/01/2020 and
04/01/2022. There are three different time series in the chart: Realized Volatility (gray), GARCH
Model Estimated Volatility (orange), and ARCH Model Estimated Volatility (blue). Realized
volatility shows higher volatility than the estimates of the other two models. Sharp peaks are
observed especially at the beginning of the COVID-19 pandemic and in some other periods (e.g.
early 2020). The GARCH line (orange) shows more volatility than the ARCH line (blue) and
overlaps more with the realized volatility. The ARCH model has a flatter and more stable line.
The COVID-19 pandemic has shaken global economic balances and caused severe fluctuations
in financial markets. The volatility observed in the cryptocurrency markets during this period can
be considered as a result of the uncertainties and sudden market reactions that occurred during
the pandemic. In the presented graph, it can be observed that the volatility that occurred during
the initial period of the pandemic in March 2020 increased sharply and reached 35%. This sudden
increase is interpreted as an indicator of excessive volatility in the cryptocurrency markets and
the panic of investors with the first effects of the pandemic. In the following months and
throughout 2021, volatility fluctuations continued, but did not reach the extreme levels of March
2020; this shows that the market adapted to the uncertainties created by the pandemic and
volatility became more stable over time.

7. Policy Discussion

The COVID-19 pandemic has had a significant impact on financial markets, causing
volatility increases, especially in cryptocurrency markets, due to a combination of
macroeconomic, psychological, and system dynamics. Policies such as monetary expansion, low
interest rates, and liquidity increases in the financial system have increased both the risk appetite
of investors and interest in cryptocurrencies. This process has significantly affected the price
movements of digital assets with high market value such as Bitcoin and revealed the complex
interaction between macroeconomic conditions and investor sentiment during periods of high
uncertainty.

The response of the cryptocurrency market to regulatory news, investment decisions of
large companies, and macroeconomic shocks has become even more important during the
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pandemic period. Large-scale investments by funds and businesses changed the market's
dynamics, either increasing speculative activity or stabilizing prices during uncertain times.
Sudden jumps in volatility have usually been triggered by such external events, but the
psychological aspect of the market has further strengthened the impact of these movements. The
sharpening of investor sentiment during periods of uncertainty has led to an intensification of
speculative behavior, dramatically directing market dynamics. This also indicates that
cryptocurrencies are seen as a “safe haven” in times of uncertainty, as well as being a speculative
tool. The empirical results indicate that the effect of shocks on volatility is permanent for Bitcoin
during the COVID-19 pandemic, which is supported by the sum of the alpha and beta (0.8288%)
obtained from the GARCH model. When the news flow is considered, the effect of positive shocks
is found to be stronger than that of negative shocks. However, this interpretation is not supported
due to the symmetric structures of the ARCH and GARCH models. Results obtained from the
ARCH and GARCH models reveal that cryptocurrency market volatility remains at high levels
during and after the pandemic. However, both models are insufficient in predicting extreme
volatility increases in crisis periods such as March 2020. This shows that existing volatility
models should be reconsidered for extreme situations and high-uncertainty environments. The
high volatility observed during the pandemic highlights that cryptocurrency markets are sensitive
to global economic developments and should be more closely monitored by regulators. Stronger
regulations and security protocols will both protect investors and help the market achieve a more
stable structure. In order to reduce speculative activity and stabilize cryptocurrency markets, it
may be essential to create precise and binding legal frameworks that require openness in market
operations. The lessons learned from this process suggest that more robust volatility management
tools should be developed not only for cryptocurrency markets but also for the financial system
as a whole. In addition, it is important to focus on education and awareness activities in order to
strengthen investors' risk management strategies and be better prepared for market shocks. In this
regard, the impact of the pandemic can be a lesson for possible future crises.

8. Conclusion

The COVID-19 pandemic has led to a significant increase in the cryptocurrency market
volatility, which, in turn, has affected investor behavior. Understanding the dynamics of
cryptocurrency markets and developing investment strategies accordingly is of great importance
for both lenders and policymakers. This study provides a crucial understanding regarding the
management of the volatility in cryptocurrency markets, alongside providing the basis for future
research. Given this importance, the existing study examines the impact of the COVID-19
pandemic on cryptocurrency investments utilizing the ARCH and GARCH models in analyzing
the volatility of bitcoin prices. According to the findings, the GARCH model captures long-term
volatility trends more consistently, while the ARCH model shows limited accuracy in
understanding the short-term dynamics of volatility. However, the impact of shocks on volatility
is found to be persistent for bitcoin during the COVID-19 pandemic.

In general speaking, the empirical results show that the volatility in the cryptocurrency
market remains at a high level during and after the pandemic. Especially in the early stages of the
pandemic, the economic measures taken by governments and the expansionary monetary policies
implemented by central banks created a positive atmosphere in the cryptocurrency markets and
attracted the attention of investors. During the pandemic, it is observed that the cryptocurrency
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markets became more speculative. Investors increased their interest in these markets with high
potential returns, which also resulted in market volatility. The fluctuations in bitcoin price
movements reveal that the market became more risky and unpredictable during this period.

The low alpha value (0.0180%) obtained from the ARCH model indicates that the effect of
previous shocks on current volatility is weak and that sudden increases in volatility are not well
captured by this model. The GARCH model has a higher beta (0.7802), indicating that volatility
shocks have longer-term effects. However, it can be seen that this model cannot adequately
predict sudden increases in periods when extreme shocks such as pandemics are experienced
intensely. As a result, based on the model results, it can be said that both the ARCH and GARCH
models are insufficient to predict extreme increases in volatility during crisis periods such as
pandemics. The results obtained are consistent with the findings of the study by Yildirim and
Bekun (2023). The results of the research provide important clues for understanding the dynamics
of cryptocurrency markets and designing investment strategies accordingly. High volatility
creates both opportunities and risks for investors. Therefore, investors need to make more careful
and strategic decisions by taking volatility into account. Especially in times of uncertainty, it is
important for investors to diversify their portfolios and implement effective risk management
strategies. Regulation and supervision of cryptocurrency markets are critical to ensuring market
stability. Regulators should implement appropriate regulations to reduce volatility in
cryptocurrency markets and protect investors. In addition, in future studies, similar analyses using
different cryptocurrencies and longer data sets can help to better understand the dynamics of the
market. To supplement the knowledge gathered from ARCH and GARCH analysis, future
research could take into account EGARCH and TGARCH models. Although the basic volatility
patterns during the COVID-19 pandemic were well represented by the ARCH and GARCH
models, EGARCH and TGARCH may provide additional insights, especially when examining
individual asymmetric effects or distinct market reactions in various circumstances. Future studies
could include other high-market-value cryptocurrencies alongside Bitcoin to provide a more
comprehensive analysis.
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Oz

Bu calismada, BIST 100 Endeksinin Borsa Istanbul’da yatirimeilarin elde ettigi
getirileri ne dlgiide etkin bir sekilde temsil ettigi arastirilmistir. Caligmanin veri seti
2000-2023 donemindeki geyreklik bazda BIST 100 Endeksi bilesenlerini, Borsa
Istanbul’daki sirketlerin 31.12.1999-15.02.2024 donemindeki getirilerini ve hisse
yogun yatirim fonlarinin 23.02.2019-23.02.2024 doénemindeki performanslarini
kapsamaktadir. Arastirma sonuglarina gore BIST 100 Endeksi performansi, hisse
bazli getiri dagiliminda ortalamadan ayrisabilmekte ve uglarda kalabilmektedir.
Hisselerin asirt tepki hareketinden olumsuz yonde etkilenmektedir. BIST 100
agirlikli olarak bankacilik sektoriiniin etkisi altindadir bu nedenle farkli sektorleri
temsil yetenegi giiclii degildir. Ozellikle 2008 kiiresel finans krizinin ardindan
bankalarin zayif performans gosterdigi ve bu durumun BIST 100 Endeksini
olumsuz etkiledigi tespit edilmistir. t testi sonuglarina gore istatistiksel olarak
anlamli bir sekilde diger hisselere kiyasla hizla yiikselen hisseler endekse dahil
olmakta, sonrasinda ise negatif performans gostererek endeksi asagiya
cekmektedirler. Endeks birlesenlerinden olusturulacak sabit bir portfoy endeksin
tistiinde performans gosterecektir. Benzer bir durum endeksi takip eden fonlar i¢in
de gegerlidir. Endeksi takip eden fonlarin getirileri endeksi takip etmeyen fonlarin
getirilerinden diisiiktiir. Bulgular, BIST 100 Endeksinin Borsa Istanbul’un genel
performansini etkin bir sekilde yansitmadigini gostermektedir.

Abstract

This study investigates to what extent the BIST 100 index effectively represents the
returns earned by investors in Borsa Istanbul. The data set of the study
encompasses quarterly BIST 100 index components spanning from 2000 to 2023,
the returns of companies listed on the Borsa Istanbul from December 31, 1999, to
February 15, 2024, and the five-year performance of equity-intensive investment
funds. Findings indicate that the performance of the BIST 100 index exhibits
deviations from the average of the individual stock returns. BIST 100 is largely
under the influence of the banking sector, so its ability to represent different sectors
is not strong. It has been determined that banks performed poorly, especially after
the 2008 global financial crisis, and this negatively affected the BIST 100 index.
The index is negatively affected by the overreaction of stocks. According to the t-
test results, stocks that rapidly increase in comparison to others are included in the
index in a statistically significant manner, but afterward, they exhibit negative
performance, dragging the index down. A fixed portfolio created from index
components will outperform the index. A similar situation applies to funds that
follow the index. The returns of funds that follow the index are lower than the
returns of funds that do not follow the index. The findings indicate that the BIST
100 index does not effectively reflect the overall performance of Borsa Istanbul.
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1. Giris

Giintimiizde borsalar; yatirimcilar i¢in en 6nemli yatirim alternatiflerinden biri olarak 6n
plana ¢ikmaktadir. Diinya borsalarinda ¢ok sayida sirketin iglem gérmesi ve borsanin genel
gidisatin1 temsil eden bir gostergeye ihtiya¢ duyulmasi borsa endekslerin cesitli kurumlarca
hazirlanip yayinlanmasina neden olmustur. Giiniimiizde borsa endeksleri karsilastirma olgiitii,
yatirim analizi, piyasa duyarlilifi, risk yonetimi ve finansal {irlinlerin olusturulmasi gibi
amaglarla kullanilabilmektedirler. Yatirim fonlar1 borsa endekslerini karsilastirma 6lgiitii olarak
secmekte ve performanslarim borsa endeksleri ile kiyaslayarak sunmaktadirlar. Yatirimeilar
kendi performanslarini analiz ederken yine borsa endeksinden faydalanabilmekte ve hisse
seciminde basarili olup olmadiklarini tespit edebilmektedirler. Borsa endeksleri yine piyasadaki
duyarlilig1 temsil agisindan 6nemli rol tistlenmektedir. Belli bir haberin ya da gelismenin piyasa
kosullarin1 ne 6l¢iide etkiledigini anlamanin pratik bir yolu borsa endekslerindeki degisimleri
takip etmektir. Risk yonetiminde farkli varliklarin fiyat oynakligi degerlendirilirken borsa
endeksleri ile kiyaslama yapilmaktadir. Biitiin bu kullanim amaglar1 borsa endekslerinin dogru
bir sekilde hesaplanmasinin ne derece dnemli oldugunu ortaya koymaktadir.

Borsa endeksleri olusturulurken, endeksin hangi ekonomik ihtiyaci karsilamay1
hedefledigi agik¢a tanimlanmalidir. Borsa endekslerinin hangi sirket grubunu temsil edecegi
belirlenmelidir. Bu ama¢ dogrultusunda, endekse dahil edilecek sirketlerin tagimasi gereken
sartlar da dikkatle olusturulmalidir. Endeks hesabinda temettii 6demelerinin veya sermaye
artiglarinin nasil hesaba katilacagi da 6nem kazanmaktadir. Ayrica, endeks bilesenlerinin se¢im
kriterlerinin endeksin amaci ile uyumlu oldugundan emin olmak &nemlidir. Ornegin S&P
(Standard & Poor’s) endekslerin olusturulmasi i¢in komiteler kurulmustur. Bu komitelere hem
endekse dahil olacak hisselerin secilmesinde hem de uygulanacak kurallarin degistirilmesinde
yetki verilmistir. S&P endekslerinde, kural setleri belirlenirken bir hissenin sahip olabilecegi
maksimum agirlik ve yine belli biiylikliigi gecen hisselerin toplamda sahip olabilecegi
maksimum agirlik gibi siirlamalara gidilmistir. S&P500 Endeksine dahil edilen sirketlerin
seciminde sektér bazinda dengenin saglanmasina endeks komitesi tarafindan dikkat
edilmektedir. Ayrica sektor bazli etkilerin kontrolii amaciyla sektor agirliklarinin da esitlendigi
S&P500 Esit Agirlikli Sektor Endeksi de S&P tarafindan yayinlanmaktadir (S&P, 2024).

Bu calismada Borsa Istanbul’un performansinin degerlendirilmesinde kullanilan ana
endeks olan BIST 100 Endeksinin borsa performansini ne derece etkin bir sekilde temsil ettigi
arastirtlmustir. {1k olarak borsanin genelindeki uzun vadeli hisse senedi getirileri ile BIST 100
Endeksinin getirisi kiyaslanmigtir. BIST 100 Endeksinin borsadaki hisselerin tiimiinii temsil
etmek icin ne derece etkin bir dl¢iit oldugu tespit edilmeye ¢alisilmustir. ikinci olarak BIST 100
Endeksinin zaman igindeki sektorel birlesiminin Tiirkiye’deki ve Borsa Istanbul’daki sektorel
cesitliligi ne derece yansittigi analiz edilmistir. Ugiincii olarak asir1 tepki kuramimnin endeks
hesaplamasinda olusturdugu sorunlar analiz edilmistir. Asir1 tepki kuramina gore hisseler yukari
ve asag1 yonde rasyonel seviyelerin Otesinde hareket edebilmektedirler. Asirt tepki hareketi
geemiste yliksek performans sergilemis bazi hisselerin endeks hesaplamasina katilmasina, takip
eden donemde de zayif performans gostererek endeks hesabindan ¢ikmasima neden olabilir.
Yiikselis sirasindaki hareket biiyiik 6l¢iide endeks hesabina katilmazken, diisiis donemindeki
hareket endeks hesabina yansimaktadir. Bu da endeks performansini asagi ¢eken bir faktor
olabilir. Dérdiincii olarak yatirim fonlarinin performansindan hareketle, endeks odakli fonlarin
ve diger fonlarin performanslart kiyaslanarak endeksin kapsayiciligi analiz edilmeye
calisilmistir. Endekse odaklanan fonlarin endekse odaklanmayan fonlara kiyasla ortalama bir
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performans géstermeleri endeksin kapsayiciligini teyit edecektir. Endekse odaklanan fonlarin en
kotii ya da en iyi performansa sahip olan fonlar olmasi ise endeksin temsil yeteneginin zayif
oldugunu gosterecektir.

Bu arastirmanin literatiire katkilar1 dért maddede 6zetlenebilir. ilk olarak birgok piyasa
analizinde BIST 100 Endeksi temel gosterge olarak kullanilmaktadir. Bir¢ok yatirim fonu BIST
100 Endeksini karsilastirma dlgiitii olarak se¢mistir (Unal ve Giileg, 2022). Bu yiizden BIST
100 Endeksinin borsay1 ne derece etkin temsil ettiginin tespit edilmesi 6nem arz etmektedir.
Ikinci olarak asir1 tepki kurammin endeks hesaplamalarindaki yansimalari analiz edilmistir.
Uciincii olarak yatirnm fonlarinin performansinda endeks kriterlerinin ne derecede belirleyici
oldugu analiz edilmistir. Son olarak endeks icinde de halka acik piyasa degerinin getiri
hesabinda ne derece belirleyici oldugu aragtirilmistir.

Bu arastirmanin, BIST 100 Endeksinin degerlendirilmesine yonelik Borsa Istanbul
yatinmcilarinin yararlanabilecegi sonuglar sundugu degerlendirilmektedir. Bu arastirma ile
Borsa Istanbul A.S.’nin endeks hesabinda gelecekte yapacag: iyilestirmeler icin de referans
bilgiler sunulmasi1 hedeflenmistir. 5 boliimden olusan makalenin ikinci boliimiinde literatiir,
ticlinci bolimiinde veri seti ve metodoloji, doérdiincii boliimiinde caligmadan elde edilen
bulgular, besinci boliimiinde ise sonug ve tartisma sunulmustur.

2. Literatiir

Literatiirdeki caligmalar incelendiginde endekslerin genel borsayr ne derecede temsil
ettigine dair caligmalara rastlanmamaktadir. Literatiirdeki ¢aligmalar daha ¢ok endekse dahil
edilen ve endeksten cikan hisselerin getirilerine, endeks hesaplamasinda temettii etkisine ve
cesitlendirme ile endeks performansi arasindaki iliskiye odaklanmaktadir.

Literatiirdeki c¢alismalarin 6nemli bir bolimiiniin endekse dahil edilen ve ¢ikarilan
hisselerin getirilerine odaklandigi goriilmektedir. Endekse dahil olan ve endeksten c¢ikan
hisselerin getirilerinin piyasadan ayrigmasi, endeksin bir anomaliye neden olarak borsayi etkin
bir sekilde temsil edememesine yol agacaktir. Chen vd. (2004) caligmalarinda, S&P 500
Endeksine dahil edilen ve ¢ikarilan pay senetlerinin fiyatlar1 tizerindeki etkisini incelemislerdir.
Endekse eklenen sirketlerin fiyatlarinda kalic1 bir artis gdzlemlenirken, endeksten cikarilanlar
icin kalict bir diisiis bulunamamistir. Bu bulgu, fiyatlarda asimetrik bir tepki olarak
yorumlanmus, asimetri ise yatirimeci farkindaligindaki degisimle agiklanmigtir. Calismada,
yatinmcilar igletme hakkinda bilgi edindik¢e eklenen pay senetleri igin farkindalik artarken,
cikarilan pay senetleri i¢in farkindaligin daha az oldugu ifade edilmistir. Eklemelerden sonra
yatirimeilarin farkindaliginin arttigi ve daha iyi izledigi belirtilirken, ¢ikarma islemlerinin ise
olumsuz etkisinin ¢ok daha kiiciik ya da hi¢ olmadig: ileri stiriilmistiir. Tirkiye ile ilgili
yapilmig olan ¢aligsmalar da yurtdisindaki bulgulari teyit etmektedir. Bayraktar (2009) BIST 100
Endeksine dahil edilen ve ¢ikarilan hisselerin performansini incelemistir. Arastirmada 2000-
2007 yillar1 arasindaki veriden faydalamilmistir. Duyuru tarihi ve islem tarihten 6nce 10 giin ve
sonraki 20 giinde hisse senetlerinin getirileri hesaplanmuistir. Arastirma sonuglar1 endekse dahil
edilen hisselerin pozitif, c¢ikarilan hisselerin ise negatif performans gosterdigini ortaya
koymustur. Aydiner ve Altay (2020) c¢alismalarinda BIST30, BIST50, BIST 100 ve BIST
temettii endekslerine dahil olan ve ¢ikarilan hisselerin takip eden donemdeki performanslarini
incelemislerdir. Arastirmada 2011-2016 donemindeki veriden faydalanilmistir. Arastirmada
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getiri hesaplamalar1 endekse dahil olma igleminden onceki 40 giin ve dahil olduktan sonraki 10
giinii kapsamaktadir. Arastirma bulgularina gore arastirma kapsamindaki hisselerin getirileri
endeksten ¢ikis duyurusu ve ¢ikis isleminden sonra negatif, endekse giris duyurusu ve giris
isleminden sonra ise pozitif yonde gergceklesmistir. Bir diger calismada Yetgin ve Ersoy (2021)
firmalarin BIST 100 Kurumsal Yonetim Endeksine alinmasinin takip eden belli giinlerde
anormal negatif getirilerle sonuglandigini bildirmislerdir.

Literatiirdeki ¢alismalarin bir boliimde ise endeks hesaplamasinda temettiilerin dikkate
alimmamasinin énemi vurgulanmistir. Fisher (1966), ¢alismasinda, New York Borsasi'nda iglem
goren pay senetlerinden olusan Ocak 1926'dan Aralik 1960'a kadar olan donemi kapsayan
yatirim performansi endekslerini tanitmistir. Bu endeksler, nakit temettiileri, sermaye ve fiyat
kotasyonlarindaki degisimleri dikkate aldigindan geleneksel pay senedi fiyat endekslerinden
farklilagmaktadir. Her ay temettii ve sermaye degisimleri i¢in diizeltme yapildiktan sonra, her
bir pay senedinin fiyatindaki yiizde degisim fonksiyonlarma esit agirlik verilmistir. Ozellikle
endeks, aritmetik ve geometrik ortalamalarin agirlikli ortalamalari olan baglanti iliskilerini
hesaplayarak yeni bir yaklasim sunmaktadir. Bu endeks, S&P Bilesik Endeksi, Dow-Jones
Sanayi Ortalamas1 endeksleriyle karsilastirildiginda, 6nerilen endeks piyasa trendine gore 1929
ve 1932'de belirgin doniim noktalar1 gostermektedir. Genel olarak bu c¢alisma, pay senedi
portfdy performansini degerlendirmek igin yeni bir 06l¢iit sunmakta ve endeks olusturmada
temettiilerin ve yontemde farkliliklarin dikkate alinmasinin énemini vurgulamaktadir. Schwert
(1990) calismasinda, New York Borsasi’nda islem goren pay senetlerini dikkate alarak nakit
temettiilerin dahil edildigi yatirnm getiri endeksi olusturmus, Dow Jones ve S&P giinliik pay
senedi getirileriyle karsilastirmistir. Menkul Kiymet Fiyatlar1 Arastirma Merkezi (CRSP), New
York Borsasi’'nda iglem goren pay senetlerinin dikkate alindigi deger agirlikli portfoy
getirilerini Olgerken temettiilerin dikkate alinmasinin ortalama getiri tahminlerini etkiledigini
ortaya koymustur.

Cesitlendirme ile endeks performansi arasindaki iliski de literatiirde tizerinde siklikla
durulan konulardan biridir. Khorana ve Nelling (1997) c¢alismalarinda, farkli risk-getiri
Ozelliklerine gore olusturduklar1 147 sektoér fonunun performansin1 S&P 500 Endeksi ve sektor
endeksleri ile karsilastirmiglardir. Calismada, sekt6ér fonlarinin performanst S&P 500 Endeksi
ile karsilagtirildiginda daha diisiik performans gosterdigi, ancak sektdr endeksleri ile
karsilastirildiginda daha iyi performans gosterdigi ortaya koyulmustur. Ayrica, ¢calismada metal
sektoriinde faaliyet gosteren isletmelerin sektor fonu Ornekleminden ¢ikarilmasinin sektor
fonlarinin performansini artirdigi ve sektor fonlarinin performansinin fonun biytikligi ile
pozitif iligkili oldugu vurgulanmistir. Hauser ve Vermeersch (2002) ¢alismalarinda, iilke ve
sektdr bakimindan c¢esitlendirmenin etkinligini, zaman i¢inde nasil gelistigini incelemiglerdir.
Uluslararas1 gesitlendirmede G7 iilkeleri ve Isvicre tercih edilmistir. Portfoy olusturmada
likidite, uluslararasi yatirimeilar igin erisilebilirlik, piyasa endekslerine orantili sektor ve kiiresel
ekonomide Onemli yer tutan iilkeler gibi kriterler dikkate almmmstir. Bulgular, uluslararasi
cesitlendirmenin, iilkeler aras1 korelasyonlarin sektorler arasi korelasyonlara kiyasla daha diisiik
olmasi nedeniyle daha verimli oldugunu gostermektedir. Caligmada, kiiresellesmenin gelismis
iilkeler arasinda daha yiiksek korelasyonlara yol agabileceginden, uluslararasi ¢esitlendirmenin
etkinligini azaltabilecegi ifade edilmistir. Bununla birlikte, bu dinamikleri izlemenin hem
uluslararast hem de sektor ¢esitlendirme stratejilerinin etkinligini degerlendirmek i¢in daha fazla
arastirma yapilmasi gerektigi ileri siiriilmiistiir. Gupta ve Basu (2011) ¢alismasinda, gelismekte
olan ve gelismis piyasalar arasindaki korelasyon ve islem maliyetleri arttik¢a, ulusal piyasalar

835



Ekonomi, Politika & Finans Arastirmalar1 Dergisi, 2024, 9(4): 832-853
Journal of Research in Economics, Politics & Finance, 2024, 9(4): 832-853

icinde sektor ¢esitlendirmesine odaklanmistir.  Sektorler bakimindan c¢esitlendirmenin
uluslararast  cesitlendirmeye bir alternatif olma diisiincesiyle iki piyasada sektor
¢esitlendirmesinin performanslarini incelemistir. Caligmada, her iki piyasada da bir yatirim
portfoyiiniin sektorler arasinda dagitilmasinin faydali oldugu vurgulanmistir. Bulgular, sektor
bakimindan daha iyi cesitlendirilmis portfoylerin sinirlandirilmis  portfdylere kiyasla
performanslarin daha {istiin sonuglar verdigini gostermektedir. Kili¢ vd. (2022) yapmis olduklar1
calismada 2008 ve 2021 yillar1 arasindaki donemde Tiirkiye’de yerlesik yatirimcilarin
uluslararasi ¢esitlendirme yapmalar1 durumunda portfoy getirilerindeki degisim incelenmistir.
Arastirma bulgularima gére ABD piyasasinda yatirim yapmanin gerek Tiirkiye’de yerlesik
yatinmcilar i¢in en uygun ¢esitlendirme imkanini sundugu tespit edilmistir. Arastirma
kapsaminda incelenen borsalar i¢inde Tiirkiye ve Rusya borsalar1 en oynak borsalar olarak tespit
edilmistir.

Literatiirdeki bir diger grup calismada ise farkli endeks hesaplama yontemleri lizerinde
durulmustur. Al-khalialeh ve Al-Omari (2004) ¢alismalarinda, Amman Menkul Kiymetler
Borsasi’'nda (ASE) gelistirilen deger agirlikli piyasa endeksi (VWI) ve esit agirlikli piyasa
endeksinin (EWI) 6zelliklerini ve getirilerini ampirik olarak aragtirmislardir. Her iki endeksin
piyasa getirilerini hesaplamak i¢in 1992'den 2000'e kadar dokuz yillik donemi kapsayan aylik
fiyat verileri kullanilmistir. Parametrik (T-test) ve parametrik olmayan testlerin (Wilcoxon Rank
Test) kullanildigi ¢aligmada, VWR'nin incelenen zaman araliklari boyunca siirekli olarak
EWR'den daha iyi performans gosterdigi tespit edilmistir. Maillard vd. (2009) ¢alismalarinda,
Markowitz (1952) tarafindan gelistirilen optimal portfoy seg¢iminde Ortalama Varyans
Modeli’ne bir alternatif olarak esit agirlikli risk katkilar1 (ERC) portfoyleri olarak bilinen bir
yaklasimi arastirmislardir. Calismada, ERC portfoyleri ile minimum varyans ile esit agirlikli
portféyler arasinda bir denge kurarak portfoy bilesenlerinin risk katkilarinin esitlenmesi
amaglanmigtir. Kurumsal yatirimda "risk yonetimi" adi altinda yaygin olarak uygulanan bu
yontemin, portfoyiin kayiplarin1 6ngordiigii ve giderek daha fazla ilgi gordiigii ifade edilmistir.
Ayrica, ERC portfoylerinin optimalligi Sharpe rasyosu kapsaminda tartisilmis ve portfoy
optimizasyonundaki potansiyeli vurgulanmistir.

3. Arastirma
3.1. Veri Seti

Arastirmada Borsa Istanbul tarafindan yaymlanan BIST 100 Endeksi igerik verisi
kullamlmustir. Borsa Istanbul her yil Ocak, Nisan, Temmuz ve Ekim aylarimin basinda BIST
100 Endeksi igerik verisini giincellemektedir. Calisma kapsaminda 2000-2023 yillar1 arasinda
toplam 96 c¢eyreklik endeks birlesenleri verisinden faydalanilmistir. Arastirmada hisse
performanslart baz alindigi i¢in temettii ve sermaye artirmi etkisine gore diizeltilmis hisse
getirileri kullanilmistir. Arastirma doneminde BIST 100 Endeksinin hesaplamalarina farkli
zaman dilimlerinde dahil edilen toplam sirket sayis1 326°dur.

3.2. Metodoloji

Aragtirma dort agamada gergeklestirilmistir. Arastirmanin ilk agamasinda 2000-2024 ve
2014-2024 donemlerinde Borsa Istanbul’da faaliyet gosteren sirketlerin bilesik getirileri
hesaplanmis ve BIST 100 Endeksinin performansi ile kiyaslanmistir. Buradaki amag¢ BIST 100
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Endeksinin Borsa Istanbul’u uzun vadede ne derece etkin temsil ettigini ortaya ¢ikarmaktir.
Eger BIST 100 Endeksi Borsa Istanbul’daki hisselerin genelini temsil yetenegine sahipse, BIST
100 Endeksinin performansi ile Borsa Istanbul’daki biitiin hisselerin ortalama performansimin
birbirine yakin olmasi beklenir. Bu dogrultuda ilk asamada asagidaki arastirma sorusuna (AS)
yanit aranmigtir.

AS1: BIST 100 Endeksi Borsa Istanbul’daki hisselerin uzun vadeli getirilerini ne dlciide
temsil edebilmektedir?

Ikinci asamada BIST 100 Endeksinin sektdrel bazda birlesimi analiz edilmistir. BIST 100
Endeksinin hesabinda hisselerin halka acik piyasa degerlerinden faydalanilarak agirliklandirma
yapilmaktadir. Bu yontem her ne kadar piyasa degeri olarak borsanin temsil edilmesini saglasa
da eger belli sektorler BIST 100 Endeksinde yiiksek paya sahiplerse, sektorel risk dagilimina
onem veren yatirimeilar i¢in BIST 100 Endeksi iyi bir gosterge olma niteligini tasimayacaktir.
Ayrica yabanci pay1 ile halka agik piyasa degeri arasinda pozitif korelasyon séz konusudur
(Unal, 2021a). Nispeten biiyiik tutarlarla yatirim yapan yabanci yatirimeilar biiyiik banka ve
holding hisselerini tercih etmek zorunda kalabilir. Fakat diisiik biitceli yerli yatirimci profili
disiiniildiigiinde birgok kiigiik ve ortak olcekli isletmenin yeterli likiditeyi sundugu
goriilmektedir. Bu nedenle yerli yatirimcilarin ve sektor bazli risk cesitlemesi yapan
yatinmcilarin portfoylerindeki sektdr dagilimi ile BIST 100 hesabinda kullanilan sektor
dagilimi birbirinden farkli olabilir. Ozellikle 2008 kiiresel Finans krizinin ardindan diinya
Olceginde biitiin bankalarin zayif performans gosterdigi (Weigand, 2016) dikkate alinirsa BIST
100 bundan daha da olumsuz etkilenmis olabilir. Bu amagla ikinci asamada asagidaki aragtirma
sorusuna yanit aranmistir.

AS2: BIST 100 hesaplamasindaki halka acik piyasa degeri agirlikli sektorel dagilim
Borsa Istanbul’u ne derece etkin temsil etmektedir?

Aragtirmanin ii¢lincii asamasinda sirketlerin endekse dahil edilmesi i¢in uygulanan
kurallarin endeks degerlerini ne &lgiide etkiledigi analiz edilmistir. Borsa Istanbul tarafindan
27.12.2023 tarihinde yiiriirliige alinan BIST Piyasa Degeri Agirlikli Pay Endeksleri Kural setine
gore degerleme donemleri “Kasim, Subat, Mayis ve Agustos aylarinin son iglem giiniinden
geriye dogru 6 ay” olarak belirlenmistir. Endeks giincellemeleri ise Ocak, Nisan, Temmuz ve
Ekim aylarmin ilk giinlerinde yapilmaktadir. Endekse dahil edilecek paylar degerleme
donemlerindeki ortalama fiili dolasimdaki piyasa degerlerine ve islem hacimlerine gore
siralanarak segilmektedir. Bu nedenle endeks se¢im tarihinden dnceki donemde biiyiik dlgiide
yiikselmis hisse senetleri endekse dahil olabilmektedir. Diger yandan hisselerin endekse
katilmadan &nceki yiiksek performanslari endeks hesabina dahil degildir. Unal (2021b) asir1
tepki hipotezinin Tiirkiye’deki gecerliligini test ettigi ¢aligmasinda gegcmis 1, 3 ve 5 yillik
donemlerde yiiksek performans gostermis hisselerin takip eden dénemde kotii performans
gostermeye basladigini, benzer sekilde gegmiste kotli performans gostermis hisselerin takip
eden donemde iyi performans gostermeye bagladigini bildirmistir. Benzeri sartlarin BIST 100
Endeksi hesabinda da gegerli olmasi durumunda BIST 100 Endeksinin performansi piyasa
performansindan daha diigiikk hesaplanacaktir. Bu nedenle bu asamada, BIST 100 Endeksini
olusturan firmalarin endeks duyurularindan 6nceki 3 ay, sonraki 3 ay, sonraki 1 y1l ve sonraki 3
yillik diizeltilmis hisse getirileri hesaplanmistir. Performanslarin kiyaslanabilmesi i¢in endekste
bulunan hisseler 5 farkli gruba ayrilmistir. Endekse ilgili ¢eyrekte giren, endeksten ¢ikan, 1
yildir, 3 yildir ve 5 yildir endekste bulunan sirketler i¢in ayr1 ayri ilgili donemlerdeki diizeltilmis
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hisse getirilerinin aritmetik ortalamasi1 hesaplanmistir. t testleri ile farkli gruplardaki hisselerin
performanslarmin endekse yeni giren hisselerin performansindan ayrisip ayrismadigl test
edilmistir. Aragtirmanin tiglincii agamasinda yanit aranan arastirma sorusu agagida belirtilmistir.

AS3: BIST 100 Endeksine yeni giren, ¢ikan ve bir yildan uzun siiredir endekste bulunan
hisselerin takip eden donemdeki getirileri arasinda iliski var midir?

Arastirmanin dordiincii asamasinda hisse senedi fonlarmin son bes yildaki getirileri
incelenmistir. Bazi hisse fonlar1 endeks agirlikli yatirim yapmakta, bazi hisse fonlar1 belli
sektore odaklanmakta, bazi hisse fonlari ise serbest sekilde hisse segmektedirler. Bu yatirim tarz
farkliliklarinin olas1 sonuglara etkisini ortaya koymak endeksin borsay1 ne derece etkin sekilde
temsil ettigini anlama noktasinda faydali olabilir. Eger endeks borsayi etkin bir sekilde temsil
ediyorsa endekse yatirim yapan fonlarin diger fonlardan performans olarak ayrigmamasi ve
siralama olarak ortalarda yer almasi beklenir.

AS4: Endekse yatirim yapan fonlar ile diger fonlar arasinda son bes yillik dénemde
performans farki olustu mu?

4. Bulgular

2000 yilinda Borsa Istanbul’da 315 sirket islem gormekteydi. Arastirmada kullanilan
verilere gore bu hisselerden 174'i 2024 Subat ayinda da islem gdrmektedir. Isleme devam
etmeyen sirketlerin biiylik kismi diger sirketlerle birlesmis, bir kismi1 borsadan g¢ekilmis, bir
kismi ise iflas etmistir. 31.12.1999-15.02.2024 déneminde Borsa istanbul’da islem goren ve
hisse fiyat performansina ulasilabilen 174 adet hissenin dolar bazinda getirileri Sekil 1°de
paylagilmigtir.
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Sekil 1. 31.12.1999-15.02.2024 Doneminde 174 Adet Hissenin Diizeltilmis Performansi (USD)
Kaynak: Arastirma verisi kullanilarak yazarlar tarafindan hazirlanmigtir.
Not: Hisse senedi getirilerine nakit temettii dagitimlar1 ve sermaye artirimlarinin etkisi dahil edilmistir.
2000 yilinda toplam 315 hisse senedi bulunmasina karsin diizeltilmis hisse senedi getirisi verisine
ulasilabilen 174 adet hisse analize dahil edilmistir.

Diizeltilmis fiyat verisine ulagilamayan 141 sirketin tamamimin -%100 oraninda
performans gosterdigi varsayilsa bile 315 hisseye 2000 yilmin basinda esit agirlikli yapilan

e
838




S. Unal & Y. Yurtoglu, “BIST 100 Endeksi Borsa Istanbul’un Genel Performansini Yansitiyor mu?”

yatirimin 15.02.2024 tarihindeki dolar bazindaki getirisi %478 olmaktadir. Ayn1 donemde BIST
100 Endeksinin getirisi %7 olarak gerceklesmistir. 174 adet hisseden yalnizca 50 tanesi BIST
100 Endeksinin getirisinin altinda kalirken 124 tanesi BIST 100 Endeksinden daha yiiksek
getiriye sahip olmustur. BIST 100 Endeksinin hesaplamasinda temettii etkisi dikkate
alnmamaktadir. Ilgili donemde BIST 100 Getiri Endeksinin dolar bazinda getirisinin de
%104’te kaldig1 dikkate almmalidir. BIST 100 temettii etkisi dikkate alinsa bile Borsa
Istanbul’daki sirketlerin uzun vadeli getirileri noktasinda geneli temsil yetenegine sahip
olmamustir.

Sekil 2°de Borsa istanbul’daki hisselerin son 10 yillik performanslar1 ile BIST 100
Endeksinin performans: kiyaslanmustir. 2014 yilinda Borsa Istanbul’da 427 sirket islem
gormekteydi. Fiyat verisine ulasilabilen 342 adet hissenin ortalama performansi %616 olarak
gergeklesmistir. 106 adet hisse BIST 100 Endeksinden daha yiiksek performans sergilemistir.
106 hisse toplamin %31’ini olustursa da uzun vadede hisse senedi getirilerinin saga yatik
oldugu diisliniildiigiinde bu beklenen bir durumdur. Yine ortalama getirilerin BIST 100
Endeksinden oldukga yiiksek oldugu ve 10 yillik bir zaman dilimi i¢in dolar bazinda yillik
bilesik %21.7 getiriye isaret ettigi goriilmektedir. BIST 100 Endeksi her ne kadar 2000 yilindan
sonraki donemde dolar bazinda yerinde saysa da hisse bazinda gesitlendirilmis bir portfoy ile
dolar bazinda da oldukga tatminkar getirilere Borsa Istanbul’da ulasilabildigi goriilmektedir.
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Sekil 2. 31.12.2013-15.02.2024 Doneminde 342 Adet Hissenin Diizeltilmis Performansi (USD)
Kaynak: Aragtirma verisi kullanilarak yazarlar tarafindan hazirlanmigtir.
Not: Arastirma verisi kullanilarak yazarlar tarafindan hazirlanmigtir. Hisse senedi getirilerine nakit
temettli dagitimlar1 ve sermaye artirimlarinin etkisi dahil edilmistir. 2013 yilinda toplam 427 hisse senedi
bulunmasina karsin diizeltilmis hisse senedi getirisi verisine ulasilabilen 342 adet hisse analize dahil
edilmigtir.

Arastirmanin ikinci asamasinda BIST 100 Endeksindeki sirketlerin sektor bazinda
birlesimleri incelenmistir. 2000-2023 déneminde sektor bazinda BIST 100 Endeksinin
agirliklarinin gelisimi Sekil 3’te gosterilmistir. 2000 yilinda bankaciligin BIST 100 endeks
hesaplamasindaki agirligt %51 iken, 2013 yilindaki agirlik %43’tiir. Banka hisseleri disinda
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holding kategorisinde siniflanan Ko¢ Holding ve Sabanci Holding gibi sirketlerin ana
istiraklerinin de banka oldugu dikkate alinirsa ve holdinglerin ayni donem iginde Borsa
Istanbul’daki agirhiklarinin %10 ile %16 arasinda degistigi géz dniinde bulundurulursa bu siire
zarfinda bankacilik sektoriiniin endeks performansini belirleyen temel 6ge oldugu sonucuna
varilabilir. 2000 yilinda Borsa Istanbul’da islem géren banka sayis1 18, 2014 yilinda 16 iken
2023 sonunda bu say1 10’a dismistiir. 2023 sonu itibariyla BIST 100 Endeksine dahil edilen
banka sayisi yalnizca 9’dur. Bu az sayida hissenin BIST 100 Endeksinde agir bir paya sahip
olusu ve bu hisselerin zayif performanst BIST 100 Endeksinin ciddi anlamda geri ¢ekmistir.
Ornegin endeksin 6nemli birlesenlerinden olan Halk Bankasmin 31.12.2013-15.02.2024
arasinda dolar bazinda diizeltilmis performansi yaklasik -%90, Vakifbank’in ise -%69’dur. Ayni
donemde Garanti bankas1 -%8’lik, Akbank -%26’lik, ve Yap1 Kredi -%8’lik performanslar

gostererek endeks performansini agagi cekmislerdir.
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Sekil 3. 2000-2023 Doneminde Sektér Bazinda BIST 100 Endeksinin Agirhginin Gelisimi
Kaynak: Arastirma verisi kullanilarak yazarlar tarafindan hazirlanmugtir.

Sekil 4’te BIST Bankacilik Endeksinin BIST 100 Endeksine kiyasla 1997 ve 2024 yillart
arasindaki performans1 paylasilmistir. Grafikten de goriilecegi lizere 1997-2011 yillar arasinda
bankacilik endeksi Borsa istanbul getirilerini desteklerken 2011°den sonraki dénemde ciddi bir
negatif trend olugmustur. Bu da tek bir sektdre bagli olarak uzun vadeli yatinm yapmanin
risklerini ortaya cikarmaktadir. Bankaciigin agirligi dikkate alindiginda Borsa Istanbul bu
donemde biiyiik bir iilkenin piyasa endeksi gibi degil de bir sektdr endeksi vasfina sahip
olmustur. Buna karsin Tiirkiye ekonomisinde yiiksek sektorel cesitlilik (Kaplan ve Tut, 2017)
s6z konusudur. Subat 2024 itibariyle Borsa Istanbul’da 49 farkli sektor temsil edilmekte, 4 ana
sektor ve 23 sektor igin endeks hesaplanmaktadir. Oransal dagilimlar incelendiginde bu
cesitlilik BIST 100 Endeksinde saglikli bir sekilde temsil edilmemektedir.
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Sekil 4. BIST Bankacilik Endeksinin BIST 100 Endeksine Kiyasla Performansi
Kaynak: tradingview.com

Aragtirmanin ti¢lincli agamasinda De Bondt ve Thaler (1985) tarafindan tanimlanan asir1
tepki kuramimin BIST 100 endeks hesaplamasii etkileyip etkilemedigi test edilmistir. Bu
amagla ilk olarak endeks duyurusundan onceki 3 aylik donemde endeks birleseni olan
sirketlerin getirileri hesaplanmistir. Elde edilen sonuglar Tablo 1’de sunulmustur. Tablodan da
goriilecegi ilizere beklendigi sekilde, diger sirketlere kiyasla endekse yeni giren sirketler daha
yiiksek, endeksten ¢ikan sirketler ise daha diisiik performans sahibidir. 1, 3 ve 5 yildir endekste
bulunan sirketlerin ise getirileri birbirlerine yakin bulunmaktadir. Endekse yeni giren sirketlerin
yillik ortalama getirileri ile diger gruplarin ortalama getirileri arasindaki farki t testi yontemiyle
siadigimizda da istatistiksel olarak %1 anlam derecesinde bu farkliliklar teyit edilmektedir.
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Tablo 1. t -3 Aylik Performanslar (Endeks Aciklamasindan Onceki 3 Aylik Dénemdeki Getiri)

Yil Yeni Girenler Cikanlar (l)?glrll(ll;: ?)ls;lrl](ll;: é?;lrl](li;:
2000 33.1% -17.5%
2001 -1.5% 15.4% -7.0%
2002 35.4% -4.8% 19.1%
2003 52.8% 17.1% 8.5% 10.2%
2004 23.4% 7.1% 15.3% 16.7%
2005 17.1% 5.1% 10.3% 9.8% 10.7%
2006 25.0% -13.4% 6.4% 6.2% 6.2%
2007 31.5% 6.1% 10.6% 10.8% 10.0%
2008 12.4% -22.2% -11.2% -11.3% -10.8%
2009 37.7% 16.1% 16.3% 17.1% 16.1%
2010 35.3% 12.6% 12.2% 9.7% 9.4%
2011 13.9% -15.2% 0.4% -0.2% 0.1%
2012 9.6% 5.3% 4.5% 4.2% 4.5%
2013 17.1% -6.9% 4.1% 4.4% 4.8%
2014 20.2% -3.1% 1.7% 1.3% 1.6%
2015 33.0% -4.9% 4.1% 4.4% 5.2%
2016 31.9% 2.3% 4.2% 4.1% 4.2%
2017 33.6% 3.8% 9.4% 9.5% 9.6%
2018 18.6% 5.6% -0.7% -1.0% -1.6%
2019 -6.5% 27.1% 4.0% 4.8% 4.7%
2020 32.2% 20.8% 12.7% 12.6% 12.1%
2021 8.6% 0.0% 10.2% 10.2% 10.1%
2022 18.3% 41.0% 27.2% 29.7% 29.3%
2023 68.8% -9.9% 33.2% 34.1% 32.9%
Ortalama 24.1% 3.7% 8.4% 8.4% 8.4%
STD (2005-2023) 15.7% 15.3% 9.8% 10.3% 9.9%
Olasilik 0.000 0.000 0.000 0.000
tist. -4.1 -5.6 -5.2 -4.9

Not: Her bir yil ig¢in endeksin ¢eyrek baslarindaki degigsimleri dikkate alinmistir. Yillik veriler bu dort
ceyrekte ilgili gruba giren hisselerin ge¢mis 3 aylik getirilerinin ortalamasini sunmaktadir. t testleri
yapilirken kiyaslamalar “Yeni Girenler” ile diger gruplar arasinda gerceklestirilmistir. Borsa Istanbul’dan
alman endeks birlesen verileri 2000 yilinda baglamaktadir. Bu yiizden t testleri yapilirken kiyaslama
strasinda “Cikanlar” grubu i¢in 24 yillik, “1 Yildir Olanlar” grubu i¢in 23 yillik, “3 Yildir Olanlar” grubu
icin 21 yillik ve “S Yildir Olanlar” grubu i¢in 19 yillik test donemleri kullanilmustir.

Ikinci olarak, endekse dahil edilen sirketlerin takip eden 3 aylik donemdeki
performanslar1 incelenmistir (Tablo 2). Elde edilen sonuglara gére farkli gruplar arasinda
istatistiksel bir farklilik bulunmamaktadir. Bu durum bir yillik dénemlerde momentum
stratejisinin etkinligini gostermis olan Jegadeesh ve Titman (1993) ¢alismasiyla uyumludur.
Belli biiyikliikteki hisse senetleri yiiksek performans gosterdikleri i¢in endekse dahil
olabilmekte, takip eden dénemde de bu momentumun devam etmesi ya da endekse dahil olma
sayesinde elde edilen yeni yatirimlarla performans korunabilmektedir.
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Tablo 2. t +3 Aylik Performanslar (Endeks Aciklamasim1 Takip Eden 3 Aylik Donemdeki Getiri)

Yil Yeni Girenler Cikanlar (l)?glrll(ll;: ?)ls;lrl](ll;: é?;lrl](li;:
2000 -19.1% -16.5%
2001 8.0% 5.9% 23.7%
2002 -8.0% 4.1% -2.4%
2003 -11.9% 11.6% 15.3% 18.3%
2004 6.8% 8.9% 7.5% 7.9%
2005 11.3% 18.8% 12.8% 13.1% 13.9%
2006 3.4% 4.2% 0.4% 0.8% 1.5%
2007 7.5% 2.7% 8.1% 8.0% 7.7%
2008 -11.5% -9.7% -17.6% -17.0% -16.5%
2009 14.6% 18.6% 28.0% 27.9% 27.5%
2010 65.7% 15.6% 10.8% 8.6% 8.9%
2011 2.6% 1.7% -6.5% -7.0% -6.7%
2012 7.7% 6.7% 10.9% 11.5% 11.7%
2013 -0.2% -9.1% -2.7% -2.8% -2.2%
2014 6.9% 2.9% 8.5% 8.7% 8.4%
2015 1.6% -4.0% -0.5% -0.3% -0.2%
2016 -0.9% 8.6% 4.7% 5.2% 5.0%
2017 17.3% -2.2% 10.2% 11.0% 11.3%
2018 -12.8% -9.7% -6.8% -6.5% -7.0%
2019 21.5% -5.9% 13.6% 13.2% 13.2%
2020 -2.1% 31.0% 16.3% 17.2% 17.0%
2021 6.2% 5.0% 8.0% 8.6% 7.3%
2022 34.6% 23.8% 38.4% 39.4% 39.8%
2023 10.3% 36.7% 10.2% 11.2% 11.4%
Ortalama (2005-2023) 9.7% 6.6% 7.7% 7.9% 8.0%
STD (2005-2023) 17.4% 14.0% 12.5% 12.6% 12.6%
Olasilik 0.819 0.862 0.980 0.633
tist. 0.9 1.1 2.2 0.3

Not: Her bir yil i¢in endeksin ¢eyrek baslarindaki degigsimleri dikkate alinmigtir. Yillik veriler bu dort
ceyrekte ilgili gruba giren hisselerin takip eden 3 aylik getirilerinin ortalamasini sunmaktadir. t testleri
yapilirken kiyaslamalar “Yeni Girenler” ile diger gruplar arasinda gerceklestirilmistir. Borsa Istanbul’dan
alman endeks birlesen verileri 2000 yilinda baglamaktadir. Bu yiizden t testleri yapilirken kiyaslama
strasinda “Cikanlar” grubu i¢in 24 yillik, “1 Yildir Olanlar” grubu i¢in 23 yillik, “3 Yildir Olanlar” grubu
icin 21 yillik ve “5 Yildir Olanlar” grubu icin 19 yillik test donemleri kullanilmistir.

Unal (2021b) calismasinda vade uzadik¢a gecmiste yiiksek getiriye sahip olmus
sirketlerin takip eden donemde disiik getiriye sahip olma olasiliginin arttigini bildirmistir. Bu
amagla endeks duyurusunu takip eden bir yildaki hisse senedi performanslart Tablo 3’te
sunulmustur. 3 aylik performanslarin aksine endekse yeni giren hisselerin diger gruplara kiyasla
yiiksek performansi bir yillik donemde koruyamadigi goriilmektedir. Benzer sekilde endeksten
cikan hisselerin getirileri de diger gruplara yaklagmistir. Bir yildan uzun siiredir endekste
bulunan sirketler, yeni giren sirketler ve ¢ikan sirketlerin 1 yillik getirileri arasinda istatistiksel
olarak anlamli bir farklilik bulunmamaktadir.
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Tablo 3. t +1 Yillik Performanslar (Endeks Ac¢iklamasini Takip Eden 12 Ayhik Dénemdeki Getiri)

Yil Yeni Girenler Cikanlar 1 yildir 3 yildir S yildir
olanlar olanlar olanlar
2000 -46.1% -37.8%
2001 26.7% 41.6% 37.6%
2002 2.2% 16.5% 12.7%
2003 13.2% 79.7% 74.5% 85.0%
2004 37.7% 37.0% 37.0% 40.1%
2005 63.2% 53.0% 48.7% 50.0% 47.2%
2006 12.6% 7.4% 21.9% 22.7% 22.1%
2007 7.6% 6.8% -13.6% -13.3% -14.7%
2008 -23.6% -11.6% -8.4% -8.7% -9.3%
2009 99.0% 90.8% 101.7% 99.4% 100.8%
2010 36.4% 31.4% 25.2% 25.9% 27.6%
2011 -11.9% -24.9% -71.4% -6.6% -5.7%
2012 24.0% 15.0% 28.4% 33.4% 37.9%
2013 -13.3% -10.3% -5.1% -5.2% -3.9%
2014 35.6% 7.2% 25.7% 25.7% 27.3%
2015 -8.7% 5.2% 3.1% 3.8% 3.9%
2016 23.7% 42.6% 27.1% 28.5% 29.6%
2017 39.4% 8.7% 20.7% 23.2% 22.9%
2018 -21.3% -17.7% -7.2% -7.2% -8.0%
2019 91.5% 109.3% 54.6% 52.0% 52.0%
2020 89.3% 77.2% 71.9% 73.0% 72.0%
2021 64.6% 43.2% 81.4% 87.4% 84.5%
2022 163.9% 168.5% 168.5% 170.4% 170.2%
2023 22.4% 12.1% 33.7% 35.6% 33.4%
Ortalama (2005-2023) 36.5% 32.3% 35.3% 36.3% 36.3%
STD (2005-2023) 49.0% 49.4% 45.6% 45.9% 45.8%
Olasilik 0.815 0.528 0.492 0.948
tist. 0.9 0.1 0.0 1.7

Not: Her bir yil igin endeksin ¢eyrek baslarindaki degisimleri dikkate alinmugtir. Yillik veriler bu dort
¢eyrekte ilgili gruba giren hisselerin takip eden 1 yillik getirilerinin ortalamasini sunmaktadir. t testleri
yapilirken kiyaslamalar “Yeni Girenler” ile diger gruplar arasinda gerceklestirilmistir. Borsa Istanbul’dan
alman endeks birlesen verileri 2000 yilinda baglamaktadir. Bu yiizden t testleri yapilirken kiyaslama
strasinda “Cikanlar” grubu i¢in 24 yillik, “1 Yildir Olanlar” grubu i¢in 23 yillik, “3 Yildir Olanlar” grubu
icin 21 yillik ve “5 Yildir Olanlar” grubu icin 19 yillik test donemleri kullanilmistir.

De Bondt ve Thaler (1985) calismalarinda 3 yillik frekansta asir1 tepki hareketlerinin
tespit edildigini bildirmislerdir. O halde endekse yeni giren, ¢ikan ve bir yildan uzun siiredir
endekste bulunan sirketlerin takip eden donemdeki 3 yillik performanslarimi kiyaslamak;
endekse giris ve ¢ikislarin endeks getirilerine etkisini analiz etmek agisindan faydal olacaktir.
Elde edilen sonuglar, Tablo 4’te sunulmustur. 3 yillik vadelerde endekse yeni giren sirketlerin,
endeksten ¢ikan ve bir yildan uzun siiredir endekste bulunan sirketlere kiyasla daha diisiik
performansa sahip oldugunu gostermektedir.
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Tablo 4. t +3 Yillik Performanslar (Endeks A¢iklamasini Takip Eden 36 Ayhik Donemdeki Yilhik
Bilesik Getiri)

Yil Yeni Girenler Cikanlar (1)?;1;?;: ?)?;lrl]?;: é?;lrl](ll;
2000 -9.1% -2.4%
2001 16.9% 26.8% 43.2%
2002 25.5% 38.7% 43.1%
2003 28.6% 72.2% 55.9% 57.6%
2004 43.1% 44.5% 35.0% 35.9%
2005 14.4% 19.3% 16.0% 14.3% 12.5%
2006 -9.1% -4.2% -4.5% -4.6% -4.3%
2007 15.9% 7.6% 8.3% 8.6% 9.1%
2008 19.8% 37.9% 25.9% 27.7% 27.1%
2009 25.6% 22.2% 32.6% 34.4% 34.9%
2010 8.8% 27.0% 15.1% 17.6% 18.8%
2011 2.1% -10.2% 5.1% 7.9% 9.2%
2012 21.9% 20.7% 15.0% 18.0% 20.0%
2013 5.2% 10.6% 7.2% 7.9% 8.6%
2014 20.1% 7.0% 19.1% 20.0% 21.4%
2015 7.2% 33.0% 18.0% 18.9% 20.4%
2016 -5.2% 5.5% 13.4% 13.6% 13.1%
2017 23.6% 25.8% 19.3% 18.3% 16.7%
2018 32.8% 41.7% 33.7% 32.6% 31.8%
2019 63.7% 59.7% 63.6% 63.2% 63.4%
2020 91.3% 98.5% 98.5% 97.6% 97.4%
2021 45.1% 70.7% 75.8% 72.8% 72.3%
Ortalama (2005-2021) 22.6% 27.8% 27.2% 27.6% 27.8%
STD (2005-2021) 25.1% 27.9% 27.3% 26.5% 26.3%
Olasilik 0.016 0.013 0.030 0.026
tist. -2.3 -2.4 -2.0 2.1

Not: Her bir yil igin endeksin ¢eyrek baslarindaki degigsimleri dikkate alinmigtir. Yillik veriler bu dort
ceyrekte ilgili gruba giren hisselerin takip eden 3 yildaki yillik bilesik getirilerinin ortalamasini
sunmaktadir. t testleri yapilirken kiyaslamalar “Yeni Girenler” ile diger gruplar arasinda
gerceklestirilmistir. Borsa Istanbul’dan alinan endeks birlesen verileri 2000 yilinda baslamaktadir. Bu
yiizden t testleri yapilirken kiyaslama sirasinda “Cikanlar” grubu igin 22 yillik, “1 Yildir Olanlar” grubu
icin 21 yillik, “3 Yildir Olanlar” grubu i¢in 19 yillik ve “5 Yildir Olanlar” grubu igin 17 yillik test
donemleri kullanilmastir.

Son asamada endeksi takip eden ve endeksi takip etmeyen fonlarin performanslari
kiyaslanmigtir. 23.02.2024 tarihinde TEFAS sisteminde halka acik olarak islem gdren ve son
bes yillik performans verisine TEFAS sisteminden ulasilabilen 54 adet Hisse Senedi Yogun
fonun son bes yildaki getirileri Tablo 5’te sunulmustur. Bu fonlarin ilgili donemdeki ortalama
getirisi %1231 ve medyan getirisi %1207 diizeyindedir. Siralamada en son 11°de bulunan
fonlarin 5’1 BIST30 Endeksine, ikisi bankacilik sektoriine yatirim yapmaktadir. BIST30 ve
BIST 100 Endeksine odakli yatirim yapan 6 adet fonun ortalama getirisi %717; bankacilik
sektdriine yatirim yapan 2 adet fonun ortalama getirisi %698 olmustur. flgili donemde BIST30
Endeksinin performanst %661, BIST 100 Endeksinin performanst %798 ve XTUMY
Endeksinin performansi ise %2589 olmustur. Elde edilen sonuglar BIST30 ve BIST 100
endekslerinin borsanin genelini yansitma noktasinda basarili olamadig1 tezini desteklemektedir.
Sadece fonlarin getirileri degil XTUMY Endeksinin getirisi de BIST30 ve BIST 100
endekslerinden ayrismaktadir.
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Tablo 5. 23.02.2024 Tarihinde TEFAS’da Halka Acik islem Goren Hisse Senedi Yogun Fonlarin
Son Bes Yillik Performanslari

E%r(‘ju Fon Adi 5 Yil E%rc‘ju Fon Adi 5 Yil

MAC  Marmara Capital Portfoy 2555% TI3 Is Portfoy Is Bankasi Istirakleri Endeksi ~ 1207%
GMR  Inveo Portfdy Ikinci 2530% TLH Aura Portfoy 1201%
EID Qinvest Portfoy 2274% YHS Yapi Kredi Portfoy Birinci 1136%
TTE Is Portfoy Bist Teknoloji 2155% AK3 Ak Portfoy 1128%
TKF Tacirler Portfoy 1877% AFT Ak Portfoy Yeni Teknolojiler Yabanci 1098%
ST1 Strateji Portfoy Birinci 1838% DAH  Deniz Portfoy 1093%
HVS Hsbc Portfoy 1772% YAY  Yapi Kredi Portfoy Yabanci Teknoloji 1020%
RBH  Albaraka Portfoy Katilim 1639% TzZD Ziraat Portfoy 1009%
GL1 Azimut Pys Birinci 1617% GSP Azimut Pys Kar Payi Odeyen 978%
ACC  Istanbul Portfoy Dérdiincii 1613% DPT Deniz Portfoy Bist Temettii 25 Endeksi 941%
FPH Fiba Portfoy 1597% AFA Ak Portfoy Amerika Yabanci 849%
UPH Unlii Portfoy 1585% AYA  Ata Portfoy Kar Payi Odeyen 846%
AAV  Ata Portfoy ikinci 1580% DZE Deniz Portfoy Bist 100 Endeksi 825%
AHI Atlas Portfoy Birinci 1557% ALC Ak Portfoy Kar Payi Odeyen Sirketler 816%
ZPE Ziraat Portfoy Katilim 1452% TMG  Is Portfoy Yabanci 795%
MPS  Aktif Portfoy Katilim 1448% ACK  Istanbul Portfoy 787%
GHS Garanti Portfoy 1428% HBU  Hsbc Portfoy Bist 30 Endeksi 734%
YDI Yapi Kredi Portfoy Ikinci 1413% AFS Ak Portfoy Saglik Sektorii Yabanci 730%
FYD Qnb Finans Portfoy Birinci 1409% ADP Ak Portfoy Bist Banka Endeksi 707%
TYH Teb Portfoy 1376% YEF Yapi Kredi Portfoy Bist 30 Endeksi 704%
ICF Icbc Turkey Portfoy 1362% AKU Ak Portfoy Bist 30 Endeksi 700%
KYA  Kare Portfoy 1301% TAU Is Portfoy Bist Banka Endeksi 690%
TI2 Is Portfoy 1296% AFV Ak Portfoy Avrupa Yabanci 689%
EC2 Global Md Portfoy Birinci 1237% TIE Is Portfoy Bist 30 Endeksi 674%
OHB  Oyak Portfoy Birinci 1235% GAE  Garanti Portfoy Bist30 Endeksi 668%
YAS Yapi Kredi Portfoy Ko¢ Holding 1228% GBG  Inveo Portfoy G-20 Ulkeleri Yabanci 648%
GAF Inveo Portfoy Birinci 1226% AOY Ak Portfoy Alternatif Enerji Yabanci 196%

Gerek BIST30 Endeksinde gerekse BIST 100 endekslerinde performans hesabinda pay
bazinda halka agik piyasa degeri agirliklandirilmas: yapilmaktadir. Bu da halka acik piyasa
degeri daha yiiksek olan sirketlerin daha belirleyici olmasin1 saglamaktadir. Fama ve French
(1995) ¢alismalarinda kiigiik piyasa degerine sahip sirketlerin daha yiiksek riske ve daha yiiksek
getiriye sahip olduklarini belirtmislerdir. BIST30 ve BIST 100 endeksleri Borsa Istanbul’da
biiyiik Olcekli sirketleri temsil etmektedirler. Diger yandan 2000 yilindan beri siirekli olarak
Borsa Istanbul’da islem goren sirket sayis1 300’{in iistiindedir. Buna ragmen endeksin iginde de
piyasa degeri faktorii belirleyici olabilir. Bu amagla ¢eyreklik endeks birlesenleri dikkate
almarak hisse senetleri halka acgik piyasa degerlerine gore siralanmis ve icinde esit sayida hisse
bulunan bes farkli gruba ayrilmistir. Daha sonrasinda takip eden bir yildaki getirileri
hesaplanarak yil bazinda her bir gruba giren hisselerin ortalama getirileri hesaplanmigtir. Elde
edilen sonuclar Tablo 6’da sunulmustur. En biiyiikk hisselerin bulundugu 1. grup diger
gruplardan daha diisiik getiriye sahiptir. Bankacilik hisselerinin agirlikli olan 1. grupta yer
almasi nedeniyle bu beklenen bir sonugtur. Diger yandan diger gruplar arasinda belirgin bir
performans farki bulunmamaktadir. Ortalama getiriler arasindaki farkliliklarin istatistiksel
olarak anlamli olmadigi t testleri ile gosterilmistir.
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Tablo 6. BIST 100 Endeksinde Bulunan Sirketlerin Halka Acik Piyasa Degerine Bagh Olarak
Yillik Bilesik Performanslari

vil 1 2 3 4 5
(En Biiyiik) (En Kiiciik)
2000 -13.4% -13.1% -16.1% -17.2% -0.9%
2001 9.4% 13.7% 5.9% 11.6% 12.7%
2002 2.7% 3.7% 4.4% 5.8% 2.9%
2003 23.7% 18.9% 19.0% 17.6% 17.7%
2004 11.8% 10.4% 17.6% 9.7% 10.8%
2005 11.5% 12.0% 15.2% 15.9% 18.4%
2006 7.8% 8.1% 5.8% 5.8% 1.0%
2007 -2.6% -5.5% -6.7% -3.0% -6.0%
2008 -2.7% -4.8% -3.3% -1.9% 5.1%
2009 23.2% 26.3% 25.6% 34.3% 27.7%
2010 4.9% 8.5% 6.8% 12.5% 16.4%
2011 0.0% 0.9% -0.5% -2.5% -1.7%
2012 11.9% 13.2% 7.7% 5.6% -1.6%
2013 -1.0% -0.4% -3.0% -0.3% -1.2%
2014 4.6% 7.1% 5.3% 9.9% 15.2%
2015 -1.5% 2.1% 1.6% 1.9% 0.9%
2016 6.5% 9.2% 6.6% 7.9% 9.9%
2017 6.1% 11.2% 5.8% 6.4% 2.6%
2018 -3.0% -0.4% -3.4% -5.2% -4.3%
2019 1.9% 11.1% 17.6% 21.5% 25.8%
2020 9.7% 15.0% 24.9% 20.2% 29.6%
2021 25.8% 18.9% 21.1% 18.2% 15.1%
2022 37.4% 38.4% 41.2% 41.8% 34.6%
2023 11.1% 11.1% 11.2% 4.5% 5.5%
Ortalama 7.7% 9.0% 8.8% 9.2% 9.6%
STD 11.1% 10.8% 12.4% 12.7% 11.9%
Olasilik 0.089 0.354 0.270 0.334
tist. -14 -0.4 -0.6 -0.4

Not: Her bir yil i¢in endeksin ¢eyrek baslarindaki degisimleri dikkate alinmustir. Sirketler her bir
ceyrekteki halka agik piyasa degerlerine gore siralanmis ve icinde esit sayida hisse bulunan bes farkl
gruba ayrilmiglardir. Yillik veriler her bir ¢eyrekte ilgili gruba giren hisselerin takip eden 1 yildaki
getirilerinin ortalamasini sunmaktadir. t testleri yapilirken kiyaslamalar 1 nolu en biiyiik hisseler grubu ile
diger gruplar arasinda gerceklestirilmistir.

5. Sonug¢

Bu arastirmada BIST 100 Endeksinin Borsa istanbul’un performansini temsil edip
edemedigi 4 farkli arastirma sorusuna yanit aranarak cevaplanmaya calisilmustir. ilk olarak
BIST 100 Endeksinin ne derece Borsa Istanbul’da yatirim yapan yatirimcilarin uzun vadeli
kazanglarini temsil ettigi arastirilmistir. Borsa Istanbul'da islem goren sirketlerin getirileri 2000-
2024 ve 2014-2024 donemlerinde incelenerek BIST 100 Endeksinin performansiyla
kiyaslanmigtir. Elde edilen sonuglar her iki donemde de BIST 100 Endeksinin Borsa
Istanbul'daki genel hisse performansini tam olarak temsil etmedigini ve hisse bazinda
cesitlendirilmis bir portfdy ile daha yiiksek getirilere ulasilabilecegini gostermektedir. Ozellikle
31.12.1999-15.02.2024 doneminde BIST 100 Endeksinin dolar bazinda bilesik getirisi %7
seviyesinde kalirken 40 adet hissenin dolar bazinda 10 kattan fazla, 9 adet hissenin ise dolar
bazinda 50 kattan fazla kazang elde etmesi dikkat g¢ekicidir. BIST 100 Endeksinin getirisi
bireysel hisse performanslarindan uzun vadede ciddi anlamda ayrisabilmekte ve merkezi bir
konumu temsil etmek yerine getiri dagiliminda ug noktalarda yer alabilmektedir.
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Aragtirmanin ikinci asamasinda, BIST 100 Endeksi igindeki sirketlerin sektorel dagilimi
analiz edilmistir. Endeksin hesaplanmasinda hisselerin halka acik piyasa degerlerinden
faydalanilarak agirliklandirma yapilmaktadir. Ancak, belirli sektorlerin BIST 100 Endeksinde
yiiksek bir paya sahip olmasi, sektdrel risk dagitimi yapan yatirimcilar icin endeksin dogru bir
gdsterge olmasini zorlastirmaktadir. Ozellikle, yabanci yatirimeilarin biiyiik banka ve holding
hisselerini tercih ettigi, ancak yerli yatirimcilarin portfoylerinde gesitli sektorlere yatirim yaptigi
bilinmektedir. Bu durum, yerli ve yabanci yatirimcilarin portfoylerindeki sektér dagiliminin
farkli olabilecegini gostermektedir. Arastirma, bankacilik sektériiniin BIST 100 Endeksindeki
agirliginin zaman i¢inde 6nemli 6lgiide degistigini ve banka hisselerinin endeksin performansini
belirleyen temel unsurlardan biri oldugunu ortaya koymustur. Ozellikle 2008 kiiresel finans
krizinin ardindan bankalarin zayif performans gosterdigi ve bu durumun BIST 100 Endeksini
olumsuz etkiledigi tespit edilmistir. BIST 100 Endeksinin Tirkiye ekonomisindeki ve Borsa
Istanbul’daki yiiksek sektorel gesitliligi yansitmadig1 gdriilmektedir.

Aragtirmanin tglincii asamasinda, BIST 100 Endeksine yeni giren, ¢ikan ve bir yildan
uzun siliredir endekste bulunan hisselerin takip eden donemdeki getirileri arasindaki iliski
incelenmistir. Bu analizde De Bondt ve Thaler (1985) tarafindan one siiriilen asir1 tepki
kuraminin BIST 100 endeks hesaplamalarini etkileyip etkilemedigi test edilmistir. Arastirma
bulgularina gore ¢ok yiiksek performans gosteren sirketler endekse dahil olduktan sonra takip
eden 3 yilda zayif performans gostermekte ve endeksi asagi ¢ekmektedirler. Asiri tepki
nedeniyle olmasi gereken fiyatin iistiine ¢ikan hisseler yiikseldikleri donemde endeks
performansina katki saglamazken, zayif performans gosterdikleri diizeltme déneminde endeks
hesabina dahil olmaktadirlar. Bu da endeks getirisinin piyasa getirisinden negatif yonde
ayrismasina neden olmaktadir. Literatiirdeki diger c¢alismalar ¢ok kisa donemleri dikkate
aldiklar1 i¢in bu ¢alismadan farkli sonuglara sahiptirler (Bayraktar, 2009; Aydiner ve Altay,
2020).

Arastirmanin dordiincii agamasi, hisse senedi fonlarinin son bes yildaki performansini
kiyaslamaktadir. Bu kiyaslama, BIST30 ve BIST 100 endekslerinin borsay1 ne kadar etkin bir
sekilde temsil ettigini anlamak i¢in onemlidir. Ciinkii eger endeks borsay1 etkin bir sekilde
temsil ediyorsa, endeks odakli yatirim yapan fonlarin digerlerinden performans agisindan
belirgin bir sekilde ayrismamasi ve ortalamada yer almalari beklenir. Oncelikle, aragtirmanin
sonuglarina gore, endeksi takip eden fonlar ile diger fonlar arasinda belirgin farklar mevcuttur.
Ornegin, endeksi takip eden fonlarin ortalama performans: %717 iken, hisse senedi yogun
fonlarin genel ortalama performansi %1231'dir. Belli bir endekse ve sektore odaklanmayan
fonlarin neredeyse tamamiin BIST30 ve BIST 100 Endeksine odaklanan fonlardan daha
yiiksek performans gdstermis olmasi endeksin fonlarin performansini belirlemede ne kadar zayif
kaldigim1 gostermektedir. Arastirma sonuglari, endeksin borsay1 etkin bir sekilde temsil
edemedigini ve bu durumun endeks bazli yatinm stratejilerinin performansini olumsuz
etkiledigini ortaya ¢ikarmaktadir.

Bu makalede BIST 100 Endeksinin borsay1 temsildeki yetersizlikleri agiklanmaya
calisgtilmistir. BIST 100 Endeksi yatirimcilarin kendi performanslari ile kiyaslama amaciyla,
fonlarin performanslarin1 kiyaslama amaciyla ve hatta bazi fonlarin yoneticilerinin alacagi
primleri hesaplama amaciyla kullanilabilmektedir. Arastirma sonuglarina gore BIST 100
Endeksi disinda esit agirlikli endekslerin ve XTUMY gibi endekslerin de performans
kiyaslamasi amaciyla kullanilmasinin yayginlagmasi etkinligi artiracaktir. Bu nedenle aragtirma
bulgularinin yatirimeilar, fon yoneticileri ve diizenleyici otoriteler agisindan faydali olabilecegi
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diisiiniilmektedir. Bu konuda gelecekte yapilacak arastirmalarda Borsa Istanbul’un genel
performansini temsil edebilecek yaklagimlar tizerinde durulabilir.

Arastirma ve Yaymn Etigi Beyam
Etik kurul izni ve/veya yasal/6zel izin alinmasina gerek olmayan bu galigmada aragtirma ve yayin etigine
uyulmustur.

Arastirmacilarin Katki Oram1 Beyam
Yazarlar makaleye esit oranda katki saglamis olduklarini beyan eder.

Arastirmacilarin Cikar Catismasi Beyani
Bu calismada herhangi bir potansiyel ¢ikar ¢catismasi bulunmamaktadir.
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DOES THE BIST 100 INDEX REFLECT THE OVERALL PERFORMANCE OF
BORSA ISTANBUL?

EXTENDED SUMMARY

Aim of the study

In this study, it was investigated how effectively the BIST 100 Index represents the stock
market performance. The contributions of this research to the literature can be summarized in
four items. First of all, this article is a comprehensive criticism of the Borsa Istanbul Index
calculation method. The BIST 100 Index is used as a basic indicator in many market analyses.
Therefore, it is important to determine how effectively the BIST 100 Index represents the stock
market. Secondly, the reflections of the overreaction theory in index calculations were analyzed.
Thirdly, the efficiency of the index related to the representation of the performance of
investment funds was analyzed. Finally, it has been determined to what extent the public market
value is decisive in the return calculation within the index.

The Literature

When the studies in the literature are examined, it is seen that a significant part of them
focuses on the returns of the stocks included and excluded from the index. Studies in the
literature generally report that the effect of index changes on stock returns is negative after the
index exit announcement and exit transaction, and positive after the index entry announcement
and entry transaction. On the other hand, a group of studies touched upon the effect of
diversification in indices. Findings in the literature show that portfolios that are better
diversified in terms of different sectors provide superior performance compared to limited
portfolios.

Methodology

In the research, firstly, long-term stock returns of the overall stock market were compared
with the returns of the BIST 100 Index. It has been tried to determine how effective the BIST
100 Index is to represent all stocks in the stock market. Secondly, it was analyzed how
effectively the sectoral composition of the BIST 100 Index over time represents the sectoral
diversity in Turkey and Borsa Istanbul. Thirdly, the problems caused by the overreaction theory
in index calculation were analyzed. According to overreaction theory, stocks can move up and
down beyond rational levels. Overreaction may cause some stocks that have shown high
performance in the past to be included in the index calculation, and in the following period, they
may show poor performance and be removed from the index calculation. While the movement
during the price increase is largely not included in the index calculation, the movement during
the decrease period is reflected in the index calculation. This may be a factor that reduces the
index performance. Fourthly, based on the performance of investment funds, the
comprehensiveness of the index was tried to be analyzed by comparing the performances of
index-focused funds and other funds. The fact that funds focusing on the index and funds that
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do not focus on the index have similar performance on average will confirm the
comprehensiveness of the index.

Results

The return of the BIST 100 Index may differ significantly from individual stock
performances in the long term and may be at the extreme points of the return distribution rather
than representing a central position. The research revealed that the weight of the banking sector
in the BIST 100 Index has changed significantly over time and that bank shares are one of the
main factors determining the performance of the index. It appears that the BIST 100 Index does
not reflect the high sectoral diversity in the Turkish economy and Borsa Istanbul. According to
research findings, companies with very high past performances show poor performance in the
following 3 years after being included in the index and reduce the index performance. While
stocks that exceed their fair value due to overreaction do not contribute to the index
performance during the period when they rise, they are included in the index calculation during
the correction period when they perform poorly. This causes the index return to diverge
negatively from the market return. On the other hand, the fact that almost all of the funds that do
not focus on a particular index or sector have performed better than the funds that focus on the
BIST30 and BIST 100 Index shows how weak the BIST30 and BIST 100 indices are as an
indicator of the performance of the funds.

Conclusion

According to the research results, using equally weighted indices other than the BIST 100
Index and indices such as XTUMY and XUTUM for performance comparison purposes will
increase efficiency. Therefore, it is thought that the research findings may be useful for
investors, fund managers, and regulatory authorities. Future research on this subject may focus
on approaches that can be used for the representation of the overall performance of Borsa
Istanbul.
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Oz

Devlet borcu mali, ekonomik ve finansal etkileriyle politika yapicilar
acisindan 6nemli bir maliye politikas1 aracidir. Bu noktada Onemli olan
unsurlardan biri yatirnmer tabamidir. Devlet farkli kaynaklardan finansman
ihtiyacin1 karsilamakta ve farkli kanallar tizerinden ekonomik etkilere yol
agmaktadir. Gilinlimiizde bu etkilerin gergeklesmesinde dnemli kaynaklardan
birisi de bankalardir. Bu c¢alismanin amaci Tiirkiye’de borcun ekonomik
etkisini bankacilik kredi kanali {izerinden incelemektir. Calismanin amacini
gergeklestirmek adina 2006:C1-2023:C4 aras1 donem i¢in reel GSYH, merkezi
yonetim i¢ bor¢ stokunun GSYH’ye orani, toplam kredi hacmi ve 5 yillik
Devlet tahvil faizi degiskenleriyle bir yapisal VAR (SVAR) modeli
olusturulmustur. Calisma sonuglari, i¢ borg¢taki artisin kisa vadede dislama
etkisi yarattigini ancak devlet destekli kredi benzeri uygulamalarla orta vadede
bu etkinin kayboldugunu ve kisa vadede faizde ortaya ¢ikan diisiisiin orta
vadede etkisini yitirdigini gostermektedir. Analiz sonuglar1 devlet tahvil
faizindeki artisin kredi hacmi ve {iretim iizerinde daraltic1 etkisine de isaret
etmektedir. Bu calisma Tiirkiye’de bor¢ yonetiminde bankalarin ve kredi
kanalinin 6nemini gostermektedir.

Abstract

Government debt is an important fiscal policy tool for policymakers with its
fiscal, economic, and financial effects. At this point, the investor base is one of
the most important factors. The government obtains its financing needs from a
variety of sources and generates economic effects through various channels.
Banks are one of the most important sources for realizing these effects today.
The purpose of this study is to investigate the economic impact of debt in
Tiirkiye through the banking credit channel. To fulfill the study’s goal, a
structural VAR (SVAR) model was developed using the variables real GDP,
the ratio of central government domestic debt stock to GDP, total credit
volume, and 5-year government yield from 2006:Q1 to 2023:Q4. The study’s
findings indicate that a short-term increase in domestic debt leads to a
crowding-out effect, which state-supported credit-like activities mitigate in the
medium term. They also demonstrate that the short-term decrease in interest
rates loses its effect in the medium term. The analysis also shows that the
increase in government bond interest has a contractionary effect on credit
volume and production. This study emphasizes the role of banks and the credit
channel in debt management in Tiirkiye.
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1. Giris

Borcun miktar ve bilesimi kamu bor¢ ydnetiminin temel bilesenleri olup, borcun
ekonomik etkileri acisindan biiyilk 6nem tasimaktadir. Bu unsurlarin yani sira borg stokunu
elinde bulunduranlarin dagiliminin ekonomik etkilerinin incelenmesi, 6zelde bor¢ politikalarinin
genelde maliye politikalarinin etkinligi agisindan belirleyici bir rol oynar.

Tarihsel tecriibeler bor¢ yonetiminin ekonomik ve finansal etkilerinin iyi ve koti
orneklerini icermektedir. Clinkii 1990’lar sonras1 kamu bor¢lanmasinin sagliksiz yapida olmasi
1994°te Meksika ve Tiirkiye’de, 1998’de Rusya’da, 2001°de Arjantin’de ve 2008’de kiiresel
6l¢ekte oldugu gibi ¢cok sayida finansal krize neden olmustur (Cangdz ve Balibek, 2012: 22) (Bu
tir bor¢ krizlerine yonelik tarihsel bir calisma, Reinhart ve Rogoff (2011) tarafindan
yapilmistir). Nitekim kamu bor¢lanmasinin uzun vadede siirdirilebilirligi sorgulandiginda,
yiiksek bor¢ finansal piyasalar iizerindeki belirsizligi arttirmakta ve ekonomi iizerinde olumsuz
etkiler yaratabilmektedir. Benzer sekilde finansal piyasalarda meydana gelen belirsizlikler de
yatirimeilarin risk algisin1 degistirerek finansal piyasalar iizerinden ekonomik dalgalanmalar
tetikleyebilmektedir. Bu tecriibeler 1s18inda giiniimiizde devletler borg politikalarinin ekonomik
ve finansal etkilesimlerinin incelenmesine 6zel 6nem vermektedir. Bu etkilesimler iginde
onemli bir pay1 bankacilik sektorii almaktadir. Ozellikle giiniimiizde bankalarin ekonomi ve
finans alaninda oynadig kilit rol, kamu bor¢ yonetimi agisindan bu roliin analiz edilmesini
gerektirmektedir.

Devlet giintimiizde mali ve mali olmayan birgok sebeple bor¢lanma yoluna gitmektedir.
Burada borg yonetimi agisindan kritik konu maliyet ve risklerin minimum seviyede tutularak
borglanmanin gergeklestirilmesi ile ilgilidir. Maliyet tarafinda faiz, borcun ve risk priminin bir
karsilig1 olarak ortaya ¢ikmaktadir. Dolayisiyla faiz birden fazla faktérden etkilenme potansiyeli
olan devletin borcu karsiliginda 6demesi gereken bir maliyettir. Bu maliyetin diisik veya
yiiksek olmasi mevcut mali, ekonomik ve finansal kosullarin yami sira bor¢ piyasasinin
durumundan da etkilenmektedir. Bor¢ piyasasindan kasit, devlet tahvil ve bonolarinin arz ve
talep dengesini etkileyen ve bu piyasay1 olusturan aktorlerdir. Bu aktorlerin basinda bankalar
gelmektedir. Bankalar giinlimiiz finansal sistem igerisindeki en temel yap1 taslaridir. Nitekim
iilkemiz de dahil olmak iizere gelisen iilkelerde aktiflerin biiyiikk bir payr bankalarda
tutulmaktadir (Parasiz, 2005: 79). Benzer durum merkezi yonetim bor¢ stoku agisindan da
gecerlidir. Sekil 1’de yer alan Tiirkiye’de merkezi yonetim borcunun dagilimi incelendiginde,
bankacilik kesiminin 2006 yilinda yaklasik %50 olan paymin 2023 yilinin son ¢eyreginde
%80’¢e ulagtig1 goriilmektedir. Sekil 1°de dikkat ¢eken bir baska olgu 2008 finansal kriz ve 2020
pandemisi doneminde yurtdisi yerlesiklerin veya yabanci yatirimcilarin, bankacilik sektoriiyle
Odiinlesmesidir. Kriz donemlerinde yabanci yatirimcilarin risk algisiin bozularak daha gilivenli
liman arayislari, devlet i¢ bor¢lanma senetlerini (DIBS) elinde tutan kesimin degismesine neden
olmustur. Bu nedenle devletin bor¢ yonetimi agisindan bankacilik kesiminin 6nemi biiyiiktiir.
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Sekil 1. Merkezi Yonetim Bor¢ Stokunu Elinde Bulunduranlara Gére Dagilim
Not: Grafik 2006-2023 ¢eyreklik verilerini kullanarak yazar tarafindan olusturulmustur. Veriler T.C.
Hazine ve Maliye Bakanligi’ndan elde edilmistir.

2001 y1l1 6ncesi Tiirkiye’de bankalar kamu sektoriinii siirekli olarak fonlamis ve 6zellikle
90’larn ikinci yarisindan itibaren bankalarin aktif biiyiikliikleri icinde kamu kagidi oranm yiiksek
seviyelerde olusmustur (Gtirkaynak vd., 2023: 130). Tirkiye’de bankacilik sektorii kamu
bor¢lanmasini finanse etmek zorunda kalmis ve bu siirecte bankalar dogrudan faiz orani ve
dolayli olarak déviz kuru risklerine maruz kalmistir. Bu durum, bankalarin makroekonomik
soklardan etkilenmesine ve Ozel sektore kredi verme oranlarmin ciddi dalgalanmalar
gostermesine yol agmustir (Aydin ve Igan, 2010: 7). Bu egilim, 2001 krizi sonrasinda
gergeklestirilen kamu maliyesi ve bankacilik reformlariyla azalmaya baglamis, ancak son
yillarda bu davranis tersine donmeye baslamistir. (Gegmise yonelik tarihsel bir inceleme igin
Tokgoz (2023) ¢aligmasina bakilabilir. Nitekim yazar, Osmanli dénemi de dahil olmak iizere
Tiirkiye'de devletin ekonomi politikalarindaki farkli yaklagimlarimin, bankacilik sektoriine
yansimalarini tarihsel bir perspektifle incelemistir.). Bu 6nemli olguya dayanarak, bu calisma,
bankacilik kesiminin bor¢ piyasasi agisindan oynadigi 6nemli rolii makro, mali ve finansal
baglantilar ¢ercevesinde arastirmayr amaglamaktadir. Bu c¢ercevede calismada i¢ borg
stokundaki ve devlet tahvil faizlerindeki artisin bankalarin kredi verme davranigin1 ve bdylece
iiretimi nasil etkiledigi analiz edilmektedir. Boylece ¢aligma su sorulara cevap vermis olacaktir:
i) I¢ bor¢ stoku/GSYH oranindaki artis kredileri ve iiretimi nasil etkilemektedir? Bir diger
deyisle calisma diglama etkisinin gergeklesip gerceklesmedigini bankacilik kredi piyasasi
iizerinden arastirmaktadir. Bu durum, 6zel yatinmlarin diglanmasinin “miktar kanali” olarak da
adlandirilmaktadir (Emran ve Farazi, 2009: 3) ii) Devlet tahvil faizindeki artisin etkileri
nelerdir? Tiirkiye i¢in bu sorularin cevabi yapisal VAR (SVAR) yontemi kullanilarak 2006-
2023 geyreklik verileriyle aragtirilmistir.
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Ik boliim ¢alismanin teorik cercevesini icermekte, ikinci boliimde konuyla ilgili literatiir
yer almakta, devam eden boliimde ise ¢aligmada kullanilan yontem ve veri aciklanmaktadir.
Sonraki bdliimde analiz sonuglarina yer verilmektedir. Caligsma, Sonuglarin potansiyel politika
etkilerinin yer aldig1 sonug bdliimiiyle tamamlanmaktadir.

2. Teorik Cerceve

Mevcut caligmanin teorik cercevesi iki temel yapi iizerine insa edilmistir. ilk yapi,
geleneksel dislama etkisi teorisine dayanmaktadir. Ikinci yapi ise borg otoritesi ile bankalar
arasindaki iliskinin kredi piyasasi iizerindeki etkilerini ele almaktadir. Dislama etkisi, genellikle
0zel ekonomik faaliyetlerin yerini kamu ekonomik faaliyetlerinin almasi seklinde
tanimlanmaktadir. (Buiter, 1990; aktaran Giimiig, 2003: 24). Blanchard (2018) diglama etkisini,
bor¢la finanse edilen genisletici maliye politikasinin {iretim {izerinde az veya hi¢ etki
yapmadigi, hatta iretimi olumsuz etkiledigi bir durum olarak tamimlamaktadir (Blanchard
(2018: 2497).

Kamu borcunun ekonomi iizerindeki etkisine yonelik ¢ok fazla goriis mevcut olmakla
birlikte bir goriis bor¢lanmanin ekonomiyi olumlu etkiledigini ileri siirerken, bir goriis ekonomi
iizerinde olumsuz etkileri oldugunu ileri slirmektedir (Giimiis, 2003: 23). Klasik iktisadi
yaklasim ve devamindaki iktisat okullar1 biitce agiklar1 ve bor¢lanmanin ekonomi tizerinde
dislama etkisi yarattigin1 iddia ederken, Keynesyen yaklagimin savunucular1 bu etkinin
olmadigini ileri siirmektedirler.

Bernheim’a (1989) gore Neoklasik yaklasim biitce agiklarinin tam istihdam diizeyinde
tasarruflar1 azaltarak faiz oranlarmin yiikselmesine ve boylece 6zel sermaye birikiminin
azalmasina neden olacagim ileri siirmektedirler. Ancak burada biitce agiklarinin gegici olup
olmadigr dnemlidir. Nitekim yazara gore Neoklasik yaklagimda gegici biit¢e agiklarinin etkileri
ithmal edilebilir olup, kalic1 biitce agiklarinin ise sermaye birikimini azaltarak diglama etkisine
yol agacag fikri mevcuttur (Bernheim, 1989: 59-60).

Ricardo-Barro teoreminin (borcun nétrliigii veya esdegerlilik teoremi) temelinde ise
nesiller aras1 yaklasim ve sonsuz yagam varsayimi altinda bugiinkii biitge aciklarinin borgla
finanse edilmesinin gelecekteki vergi yiikiinii arttiracagini bilen ekonomik aktorler tarafindan
tasarruf artig1 ile dengelenecegini ve bdylece faiz oranlarinin degismeyecegi yer almaktadir.
Ancak bu teorem, piyasa kosullarmin tam rekabetci oldugu ve bireylerin gelecekteki vergi
yiikiimliilikklerini tam olarak ongorebildigi seklindeki ¢ok kati kisitlamalara tabidir. Hatta bu
konudaki ilk c¢aligmalar kesin sonuglar vermemekte ve temel olarak bazi sonuglar Ricardo
esdegerlilik teoremini desteklerken, bazilar1 desteklememektedir (Barro, 1989; aktaran Thia,
2020: 101).

Keynesyen yaklasimda ise bu iki goriisiin aksine bir durum s6z konusudur. Bu goriislerin
disinda, uluslararasi sermaye hareketlerini de dikkate alan farkli bir model tizerinde tartigmalar
devam etmektedir. Bu tartigmanin temel odak noktasi, tasarruflarin biitce agiklari nedeniyle
azalmasinin, yabanci sermaye girigiyle telafi edilerek faiz oranlarinin sabit kalacagina yoneliktir
(Giirglir ve Karaca, 2007: 10). Keynesyen yaklagimda toplam talep ¢ok énemli olup, kamu
harcamalar1 ve vergiler toplam talebi belirledikleri i¢in bir ekonomideki istikrarsizligi, issizligi
ve enflasyonu Onlemekte faydalidir. Ayrica Keynesyenler tasarruf diizeyinin gelir tarafindan
belirlenecegini, yatirmin ise faiz oram1 yaninda sermayenin marjinal verimliligine baglh

857



Ekonomi, Politika & Finans Arastirmalar1 Dergisi, 2024, 9(4): 854-876
Journal of Research in Economics, Politics & Finance, 2024, 9(4): 854-876

olacagmi ileri siirmektedir. Dolayisiyla faiz oranlarindaki diisiis yatirim ve tasarrufun dengeye
gelmesi konusunda etkisiz olabilecektir (Atag, 2013: 8-9)

Biitge acigmin kamu borglanmasi ile finanse edilmesi mal ve para piyasalarindan
hangisinde servet etkisinin yiiksek olduguna bagl olarak dislama etkisini ortaya ¢ikarir. Ancak
giiniimiizde devlet, finansman ihtiyacinin biiyiilk ¢ogunlugunu borglanma araglari ¢ercevesinde
bankalardan ger¢eklestirmektedir. Nitekim gelismekte olan iilkelerdeki devlet borglariin biiyiik
oranda sahipleri bankalar ve emeklilik fonlaridir. Emeklilik fonlariin rolii Sili gibi birkag iilke
disinda hala nispeten kiigiiktiir. Dolayisiyla bankalarin varliklarinin biiyiikk kismini devlet
borglarinda tutmasi istikrarli bor¢ yonetiminin finansal istikrar i¢in kritik bir 6nemde oldugunu
gostermektedir (Kumhof ve Tanner, 2005: 7). Boylesi bir olgu iktisadi yaklasimlarin diglama
etkisine yonelik teorilerinin bor¢ stokunu elinde bulunduranlara gore dagilimimi da dikkate
alarak incelenmesi gerekliligine isaret etmektedir.

Guniimiizde bankalar devlet bor¢lanma senetlerine; risksiz olmalari, getirilerinin yiiksek
olmasi, kolayca paraya cevrilebilmeleri ve devlet tarafindan alicilara birtakim kolayliklar
saglanmasi nedeniyle asir ilgi gostermektedirler (Ulusoy, 2013: 280). Bu ilgi bor¢ yonetimi
acisindan olumludur. Ciinkii likidite riski agisindan degerlendirildiginde, finansman ihtiyacinin
uygun vade ve maliyetle karsilanmasi borcun c¢evrilememesi riskini azaltir. Ancak bankalarin
DIBS’leri elinde bulunduranlar agisindan énemli bir paya sahip olmasi ve bu payin artmasi bazi
muhtemel sorunlari da ortaya c¢ikarabilmektedir. Arslanalp ve Tsuda (2014: 4) bankalarin
yiiksek oranda devlet borcu tutmalarinin finansal istikrari tehdit edecegini ileri siirmektedir. Bu
konuda yine Tiirkiye’den 6nemli bir 6rnek verilebilir. 2000 yilinda Demirbank, 6zellikle kisa
vadeli bor¢lanma stratejisiyle on plana ¢ikmis ve piyasada “tahvil bankasi” olarak anilmistir
(Somgag, 2006: 107; Ozatay, 2009: 91). Ancak banka faizlerin artmasiyla finansal
yiikiimliiliklerini karsilayamamis ve 2000 yilmmin aralik aymda devlet tarafindan tasfiye
edilmistir. (Bu konuya iliskin daha detayli bilgi icin TMSF tarafindan hazirlanan “Raf Temizligi
Demirbank™ ¢alismasina, Tirk bankacilik sektoriiniin temel sorunlari i¢in ise Parasiz’a (2005,
132-138) bakilabilir.) Bankacilik kesiminden kamunun aldig1 payin ¢esitli donemlerde yiiksek
olmas: faizlerde artiglara neden olmaktadir. Nitekim Bagci’ya (2001) gore banka bilangolarinin
yaridan fazlasi kolaylikla nakde gevrilemeyecek fonlardan olugmakta, kalan likit fonlar ise &zel
ve kamu sektdrli arasinda paylastirilmaktadir. Dolayisiyla kamu sektoriiniin aldigi payin
artmasi, aktiflerdeki cesitliligin azalmasi nedeniyle bankalarin daha fazla faiz talep etmesine
neden olacaktir. Kredi piyasasi agisindan bakildiginda ise bankalarin bilangolarindaki DIiBS
oraninin artmasi bankalarin kredi verme davramislarina yonelik iki olasi duruma yol agma
potansiyeline sahiptir: Tembel banka davranigi ve risk ¢esitlendirmesi yapan banka davranisi
(Bagct, 2001: 87).

Risk cesitlendirmesi modeline gore, bankalarm portfoylerinde daha fazla DIBS
bulundurmalar1 bankalarin daha fazla risk almasina ve 6zel sektore daha fazla kredi vermesine
yol agmaktadir. Tembel banka modeline gore ise bankalarin portfdylerindeki DIBS artisinimn
bankalarin 6zel sektore yonelik kredi miktarini azaltmalarina neden olmaktadir (Emran ve
Farazi, 2009: 4-5). Bu ger¢evede kredi arzinin maliye politikasinin bir fonksiyonu oldugu ileri
siiriilebilir. Nitekim Aydin ve Igan’a (2010) gore Tiirkiye ve diger gelismekte olan iilkelerde,
biitce aciklarinin genellikle kisa vadeli bor¢lanma yoluyla finansmani kredi piyasalarindan 6zel
sektoriin dislanmasina neden olabilir. Ancak siki maliye politikalar1 ise, bankalarin DIBS tutma
oranlarim azaltarak 6zel sektore kredi arzini arttirabilir. Buradaki temel vurgu devletin 6diing
verilebilir fonlar piyasasina yaptig1 baskinin azalmasindan kaynaklanmaktadir. Bir diger deyisle
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biiyiik bir alic1 olarak devletin fon talebinin azalmasi, sonucunda 6zel sektoriin sahip olacagi
fonlarin serbest kalmasina ve diglama etkisinin azalmasina sebep olabilecektir.

3. Literatiir

Dislama etkisine yonelik literatiirdeki ¢alismalar incelendiginde calismalarin diglama
etkisini kamu harcamalari, kamu borcu ve biit¢ce agiklar agisindan analiz ettigi goriilmektedir.
Ozellikle calismalarin kamu harcamalar1 ve yatirim iliskisi iizerine odaklandig1 anlasilmaktadir.
Diger taraftan kamu borcu ve biitge agiklari lizerine gorece ¢alisma sayisi azdir. Bu boliimde de
literatiirde diglama etkisini kamu borcu ve biitce agiklari agisindan analiz eden caligmalar
incelenmistir.

Christensen (2004) Sahra Alt1 Afrika iilkeleri i¢in 20 yillik (1980-2000) dénemi baz
alarak i¢ bor¢ ve 6zel sektor kredileri arasindaki iligkiyi analiz etmislerdir. Nitekim ¢aligmadaki
panel regresyon analizinde i¢ borcun 6zel sektor kredilerini 6nemli dlgiide digladigi (azalttign)
bulunmustur. Yazar i¢ borglanmaya asirt bagvurulmasinin ekonomi iizerinde; yatirimct
tabaninin s1g oldugu bir durumda faiz oranlarini arttirarak borg otoritesini belirli bir yatirimet
grubuna mahk{im edebilecegini ileri siirmektedir. Bu durum, 6zellikle yatirime1 tabaninin biiyiik
oranda ticari bankalar tarafindan domine edilmesi durumunda dislama etkisinin artmasina yol
acabilir. Dolayisiyla yazarlar dislama etkisinin Onlenmesi i¢in yatirimci tabaninin
genisletilmesini 6nermektedir.

Emran ve Farazi (2009) devletin bankacilik sektoriinden bor¢landigt durumda 6zel kesim
kredilerini ne kadar azaltacagini gelismekte olan iilkeler i¢in 1975-2006 donemine yonelik
arastirmiglardir. Kurduklari modeldeki temel hipotez; bor¢lanmanin, bankalarin 6zel sektore
kredi verme kapasitesini azaltacagidir. Bu noktada modelde borcun 6zel kesim kredisi
tizerindeki etkisine ait katsayiya yonelik 4 temel beklenti olusturmuslardir. Katsayinin 0’dan
kiigiik olmas1 diglama etkisine isaret etmektedir. Katsayinin negatif ancak mutlak degerinin
1’den kiiglik olmasi risk ¢esitlendirme modeline, katsayinin negatif ancak mutlak degerinin
1’den biiyiik olmasi tembel bankalar modeline, katsayinin sifira yakin veya sifir olmasi
Ricardian esdegerlilik teoremine (notr etki), katsaymin yaklasik -1 olmasi ise kismi dengeye
isaret etmektedir. Yazarlar ¢alismada gelismekte olan iilkelerdeki bankacilik sektoriiniin tembel
banka davranisi sergiledigini kanitlamistir. Nitekim panel regresyon analizi sonuglarina gore
bor¢lanmadaki artig (+1 $), 6zel kesim kredilerini azaltmaktadir (-1.4 $).

Shetta ve Kamaly (2014) Misir’in biitge agig1 ve devlet borcunun 6zel sektore yonelik
kredi hacmini ve yatirnmlar1 nasil etkiledigini analiz etmislerdir. Yazarlar, 2000°1i yillarin
basinda Misir’in yliksek biit¢e agiklar1 ve devlet borcunun daha sonraki yillarda azaldigini ancak
2011 yilindaki Arap Bahan ile birlikte tekrar arttigini belirtmislerdir. 1970-2009 donemini
ceyreklik olarak inceleyen yazarlar, 6zel kesim kredileri, devlet borcu, GSYH ve enflasyon
arasindaki iliskileri VAR yontemiyle analiz etmislerdir. Etki tepki fonksiyonu sonuglarina gore;
bor¢lanmadaki artis bankalarin kredi verme egilimlerini azaltmaktadir. Bu sonug¢ bankalarin
tembel banka modeline gore davrandiklarina isaret etmektedir. Yazarlar politika 6nerileri olarak
biitce aciklarmin mali konsolidasyon politikalariyla azaltilmasi gerektigini ve bankalarin 6zel
sektore kredi verme kapasitelerini tesvik edici calismalarin gergeklestirilmesi gerektigini
vurgulamaktadir.

! Dislama etkisine yonelik kapsamli bir literatiir calismasi igin Giimiis’e (2003) bakilabilir.
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Ayturk (2017) devlet borcunun kurumsal finansman iizerindeki etkilerini 1989-2014
yillar1 arasinda 15 Avrupa iilkesi icin incelemistir. Caligmanin temel savi; gelismis Avrupa
iilkeleri igin devlet borcu ile kurumsal finansman arasinda negatif bir iliski olduguna yoneliktir.
Bu sav; bor¢lanmanin faiz oranlarini arttirarak bankalarin kaynaklarini devlet bor¢ senetlerine
yonlendirmesiyle 6zel sektor kredilerini daraltacagi varsayimina dayanmaktadir. Yazar bagimli
degisken olan kurumsal finansman gostergesinin temsilcisi olarak c¢ok c¢esitli degiskenler
(firmalarin toplam borg/toplam varliklar orani, firmalarin net bor¢/toplam varliklar orani gibi)
kullanirken, agiklayici degiskenler olarak ise basta devlet borcu/GSYH olmak iizere, ekonomik
biiyiime orani, faiz orani, enflasyon orani, firma biiyiikliigi gibi degiskenler kullanmistir. Yazar
calismasi i¢in kurdugu hipotezi reddedememis ve devlet borcu ile kurumsal finansman arasinda
negatif bir iligki bulmustur. Dolayisiyla yazar dislama etkisini kanitlamakta ve politika dnerisi
olarak devletin bor¢lanma stratejilerini 6zel sektor lizerindeki olumsuz etkileri dikkate alarak
tasarlamasi gerektigini ileri siirmektedir.

Thia (2020) 1990-2017 yillar1 arasindaki genis bir sendikasyon kredi veri setini
kullanarak kredi spreadleri, hiikiimet gelirleri ve harcamalar1 arasindaki iliskiyi analiz etmistir.
Calisma sonuglart GSYH nin %1°1 kadar artan hiikiimet harcamalarinin kredi spreadlerini 8.5
baz puan arttirdigini gostermektedir. ABD orneginde %1°lik biitce acgig1 ise kredi spreadlerini
yaklasik 22 baz puan arttirmakta ve kredi piyasasinda %3.4’liik bir daralmaya yol agmaktadir.

Ozdemir ve Gomez (2020) Gambiya’da i¢ borglarin 6zel yatirimlar iizerindeki dislama
etkisini Gecikmesi Dagitilmis Otoregresif Modeli (ARDL) yontemiyle analiz etmislerdir.
Calisma i¢ borcun kisa vadede 6zel yatirnmlari digladigini, uzun vadede ise dislama etkisinin
ortadan kalktigin1 bulmuslardir.

Zhang vd. (2022) mabhalli idarelerin bor¢lanmasinin merkezi yonetime gore 6zel sektor
kredileri tizerindeki etkilerinin daha az olacagi savindan hareketle Cin’deki yerel ve merkezi
yonetim borcunun 0Ozel sektdr kredileri iizerindeki etkilerini 2008-2019 yillar1 igin
incelemislerdir. Calisma sonuglari yerel yonetimlerin borglanmasinin merkezi hiikiimete gore az
veya hi¢ dislama etkisi yaratmadigini, hatta merkezi bor¢glanmadan farkli etkiler yaratabilecegini
gostermektedir. Bunun nedeni yerel yonetimlerin bor¢clanma sebeplerinin temelinde altyapi
yatirimlari gibi uzun vadeli projelerin yer almasi ve bu nedenle 6zel sektor yatirimlarini tegvik
edebilmesidir.

Bai vd. (2024) Cin’de yerel yonetimlerin bor¢lanmasinin kurumsal sirketlerin finansmani
tizerinde dislama etkisi yaratip yaratmadigini 2006-2022 yillari i¢in analiz etmistir. Caligmada
ayrica yerel hiikiimet borcunun ekonomik biiylime iizerindeki etkisi de analiz edilmistir.
Calisma sonuglari yerel yonetim borcunun, kurumsal sirketlerin finansmani iizerinde bir diglama
etkisi yarattigin1 gostermektedir. Bu etki 6zellikle ticari bankalar kanalyla islemektedir. Son
olarak borg, baslangicta ekonomik biiylimeyi arttirirken, borcun devamli yiikselmesi 6zel sektor
borcu tizerindeki diglama etkisini arttirmakta ve ekonomik biiyiimeyi olumsuz etkilemektedir.
Yazarlar bu sonuglara dayali olarak; sirketlerin finansman se¢eneklerinin genisletilmesi, borcun
uzun vadeli bir yapiya kavusturulmasi ve bor¢ yonetiminin etkin bir sekilde yapilmasi
gerekliligini 6nermektedirler.

Yu vd. (2024) Cin’de yerel yonetimlerin borcunun kurumsal finansman tiizerindeki
dislama etkisini 2006-2015 yillari igin analiz etmislerdir. Yazarlar ¢aligmalarinda, yerel yonetim
borcundaki artigin ticari finansman kullaniminda artis yaratip yaratmadigini, bu mekanizmanin
nasil isledigini ve ticari kredi finansmanimin kullanimini nasil etkiledigini sorusturmuslardir.
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Sonuglar, yerel yonetim borcunun sirketlerin finansman kisitlarini arttirarak diglama etkisi
yarattigin1 gostermektedir. Bu etkiler devlet tarafindan kontrol edilen isletmeler icin daha
belirgin olup, diger isletmelere gore farkli finansman zorluklarini beraberinde getirmektedir.
Ayrica yazarlar, ticari krediler iizerindeki dislama etkisinin bolgesel olarak farklilastigina isaret
etmislerdir. Dolayisiyla politika yapicilarin, finansal kaynak tahsisine yonelik verimliligindeki
artist ve kurumsal finansman kanallarini ¢esitlendirmesi gerekmektedir. Uluslararasi ¢aligmalar
incelendiginde kamu bor¢lanmasinin 6zel sektor iizerinde genellikle olumsuz etkiler yarattigt
anlasilmaktadir.

Tiirkiye icin yapilan ¢alismalar detayli olarak incelendiginde ilk basta belirtildigi gibi
dislama etkisine yonelik ¢alismalarin kamu harcamalar1 ve yatirimlar ekseninde arastirildigi
anlagilmaktadir. Glinaydin (2006), Cural vd. (2012), Sen ve Kaya (2014), Kesbi¢ vd. (2016) bu
eksendeki caligmalar arasindadir. Giinaydin (2006), Cural vd. (2012) ve Sen ve Kaya (2014)
calismalari kamu yatirimlarinin 6zel yatirimlar iizerinde ¢ekme etkisi yarattigini bulurken,
Kesbi¢ vd. (2016) kamu yatirimlarinin 6zel sektor yatirimlar lizerinde diglama etkisi yarattigini
bulmuslardir. Diger taraftan Tiirkiye i¢cin dislama etkisini kamu borcu ve biitge agig1 ekseninde
aragtiran ¢alisma sayist gorece azdir. Yaragir-Tiilimce ve Buyrukoglu (2013), Tirkiye i¢in
1980-2010 yillar1 arasinda i¢ bor¢lanmanin 6zel yatirnmlar {izerinde ¢ekme etkisi oldugunu
bulurken, i¢ bor¢lanma faiz oranlarinin 6zel sektor yatirimlarn iizerinde dislama etkisi yarattigini
bulmuslardir. Caskurlu (2020) ise 1975-2016 doénemini Tirkiye i¢in diglama etkisini analiz
etmek icin incelemis, kamu kesimi bor¢lanma geregi ve i¢ bor¢ ddemelerinin 6zel sektor
yatinmlarini negatif etkileyerek diglama etkisi yarattigina ulasmistir. Serin ve Demir (2023)
Tiirkiye’de kamu yatinm ve kamu borcunun 6zel sektor yatirimlar iizerinde diglama etkisi
yaratip yaratmadigini 1975-2020 yillar1 arasinda ARDL yontemiyle analiz etmislerdir. Yazarlar,
i¢ borcun 6zel sektdr yatinmlarimi digladigimi ancak dig borcun c¢ekme etkisi yarattigini
bulmuslardir. Yazarlarin buldugu bir diger sonu¢ kamu yatirimlarinin 6zel sektor yatirimlar
tizerinde diglama etkisi yaratmasidir. Yazarlar Tiirkiye’de kamu bor¢ yonetimi agisindan mali
disiplinin saglanmasi gerektigine vurgu yapmaktadir.

Tiirkiye i¢in yukaridaki caligsmalardan farkli olarak ve ¢alismamizla benzerlik tasiyan en
yakin ¢alisma Aydimn ve igan (2010) ve Yilmaz (2017) tarafindan yapilmistir. Aydin ve Igan
(2010) Tiirkiye’deki bankalarin kredi biiyiimesi iizerindeki para ve maliye politikalarinin
etkilerini 2002-2008 ¢eyreklik verileriyle analiz etmislerdir. Yazarlarin temel savi, daraltici para
politikasinin kredi arzim1 azaltirken, daraltici maliye politikasinin kredi arzimi arttiracagi
(6zellikle yerli para birimi cinsinden kredilerde) yoniindedir. Calisma sonuglari temel
hipotezleri dogrulamakla birlikte, bu etkinin kisa vadeli ve zayif oldugunu gostermektedir. Bir
diger deyisle sonuglar, Tiirkiye’de banka kredi kanalinin zayif oldugunu ve maliye politikasinin
krediler {izerindeki dogrudan etkilerinin kisa vadede sinirli kaldigini isaret etmektedir. (Burada
o6nemli bir not kredi piyasasinin para politikasi a¢isindan énemli bir etkiye sahip olmasidir. Bu
konudaki ilk caligma Bernanke ve Blinder (1988) tarafindan yapilmigtir. Yazarlar, geleneksel
para politikas1 aktarim kanallarimin 6tesinde kredi kanalinin para politikasinin etkilerini
degistirdigini ortaya koymuslardir.). Yilmaz (2017) ise Tiirkiye’de bankalarin portfdylerinde
tuttuklar1 devlet bor¢lanma senetlerinin kredi davranislarini nasil etkiledigini ve dislama etkisi
yaratip yaratmadigini analiz etmistir. Yazar analizini 2002-2016 yillar1 arasinda ¢eyreklik olarak
gerceklestirmistir. Calismada bankalarin aktiflerinde tutugu DIBS miktarinin bankalarin kredi
davranisini, biitge agigini, reel GSYH biiylimesini ve kredi-mevduat faiz farkini nasil etkiledigi
arastirilmistir. Sonuglar, bankalarm aktiflerinde yer alan DIBS miktarindaki artisin 6zel kesim
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kredi miktarim1 gecici olarak azalttigina isaret etmektedir. Yazarin yapmis oldugu bir diger
onemli vurgu Kredi Garanti Fonuyla (KGF) ilgilidir. Ozellikle Fon’un, devletin finansman
ihtiyacinin bankalar iizerinde yarattig1 baskiy1 hafifleterek, kredi verme istahlarim arttirdigina
dikkat ¢ekilmektedir. Dolayisiyla KGF bankalarin kredi arzlarinin azalmasinin 6niine ge¢mistir.

Ozetle Tiirkiye eksenindeki ¢aligmalar dislama etkisinin varolup olmadigini ¢ogunlukla
kamu harcamalari, kamu yatirimlar1 ve kismen kamu borcu g¢ercevesinde analiz etmektedir.
Calismalar karmasik sonucglara isaret etmektedir. Bu durum politika Onerilerini
giiclestirmektedir. Cilinkii bircok ¢aligmanin borglanma piyasasini ve bu piyasada dnemli bir
faktor olan bankalari dikkate almadig1 goriilmektedir. Ayrica bu etkinin kredi piyasasi lizerinden
calismayacagini varsaymak calismalar agisindan bir eksiklik olarak goriilmektedir. Calisma bu
eksikligi doldurmak adina Tirkiye igin diglama etkisinin gerceklesip gerceklesmedigini
bankacilik kanali tizerinden analiz etmektedir.

4. Metodoloji
4.1. Veri

Calismada ekonomik biiylimenin gostergesi olarak zincirlenmis hacim endeksine dayali
harcama yontemine gore hesaplanmis GSYH degiskeni kullanilmistir. Kredi degiskeni olarak
ise toplam kredi hacmi degiskeni kullanilmistir. Modelde maliye politikasini temsil eden
degisken olarak i¢ bor¢ stokunun GSYH’ye orani kullanilmistir. Toplam bor¢ stokunun
kullanilmama nedeninin altinda, i¢ borcun, dis borctan daha sik maliye politikas1 araci olarak
kullanilmasinda yatmaktadir. Ayrica i¢ borg iilke i¢i kaynaklardan yapilan borglanma oldugu
icin calismamizin bankacilik kanali {izerinden arastirmaya calistigi soruyla uygunluk
tasimaktadir. Calismada bor¢lanma maliyetini gosteren 5 yilik Devlet tahvil faizi kullanilmistir.
Son olarak TCMB, kredi faizleri ve kredi biiylimesine yonelik olarak 2022 Haziran ayinda,
bankalarin verecekleri ticari kredilerde faiz oranlarina bagli olan bir katsayiy1 dikkate alarak
menkul kiymet (DIBS ve kira sertifikasi) tutma zorunlulugu ve ayrica Mart 2023°de ihtiyag
kredilerini de menkul kiymet tesisi kapsamina alan diizenleme getirmisti. Ancak bu durum
bankalar1 yiliksek enflasyon ortaminda enflasyondan diisiik sabit getirili tahvil tutmaya zorladig1
i¢in elestirilmisti. Nihayetinde TCMB bu uygulamaya Mayis 2024 yilinda son verdi. Calismada
bu ¢ercevede TCMB’nin 2022 yilinda “Liralagsma Stratejisi” amaciyla Haziran 2022-Mayis
2024 arasinda uyguladigi “Menkul Kiymet Tesis Yiikiimliligi nii temsil eden bir kukla
degiskene yer verilmistir. Faiz degiskeni hari¢ olmak lizere tiim degiskenlerin logaritmasi
alinmig, TRAMO-SEATS yo6ntemiyle mevsimsellikten arindirilmis ve Hodrick-Prescott (HP)
filtreleme yontemiyle trend degerlerinden ayristirilmistir (HP filtresinde kullanilan A parametre
degeri 1600°diir). Calismada kullanilan degiskenlere iliskin bilgiler Tablo 1°de yer almaktadir.
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Tablo 1. Modelde Kullamilan Degiskenler

Degisken Kisaltma Aciklama Kaynak
Zincirlenmis hacim endeksine gore hesaplanmis TCMB-
Reel GSYH lrgsyh ~ GSYH’nin logaritmasi alinmis ve HP filtreleme EVDS

yontemiyle trendden ayristirilmustir.

Bankalarin toplam kredi hacmi elde edilmis, ardindan

Krediler lkredi  logaritmasi alinmis ve HP filtreleme yontemiyle -I-EC\:/l\gg-
trendden ayristirilmustir.
Merkezi yonetim i¢ Merkezi yonetim i¢ bor¢ stoku GSYH’ye oranlanmus, TCMB-
borg stokunun lborg logaritmasi alinmis ve HP filtreleme yontemiyle EVDS
GSYH oram trendden ayristirilmugtir.
? }Il!hk Devlet tahvil faiz 5 yillik Devlet tahvil faizi HP filtreleme yontemiyle DataStream
aizi trendden ayristirimistir.

Calismada kullanilan degiskenlerin grafikleri ise Sekil 2’de gosterilmektedir.
Degiskenlerin grafikleri incelendiginde tiim degiskenlerde 2008 kiiresel finans krizi ve 2020
yilinda baslayan pandeminin etkileri goriilmektedir. 2008 kiiresel finans krizinin ve 2020
pandemisinin yarattigi dalgalanmalarin boyutunun oldukg¢a biiyiik oldugu goriilmektedir. 2008
krizi finansal piyasalardaki likiditeyi daraltmis ve kredi olanaklarini neredeyse yok etmistir. Bu
donemde batamayacak kadar biiyiik bankalar batmis (too big to fail) ve devletin ekonomiye
miidahalesi sonucunda borg siirdiiriilebilirligi tehlikeye girmistir. 2020 pandemisinin de kamu
borcu ve ekonomik aktiviteyi de derinden etkiledigi bilinen bir gercektir. Pandemi déneminde
hiikiimetlerin ekonomik, mali ve sosyal destek paketlerini finanse edebilmek igin bor¢glanmaya
basvurmalar1 bor¢ oranlarini yeni rekor seviyelere tasimistir. Burada her iki krizin de borg
dinamiklerini, ekonomik aktiviteyi ve kredi piyasasini olumsuz etkiledigi goriilmekte ancak
2020 pandemisinin 2008 kiiresel krizine gore gostergeleri daha olumsuz etkiledigi
anlagilmaktadir. Irgsyh’de bu donemlerde belirgin bir diisiis ger¢eklesmis ve lborg, lkredi ve
faiz degiskenlerinde artig gdzlemlenmistir.

— Irgsyh Iborg
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Sekil 2. Degiskenlerin Grafikleri, 2006-2023 (Ceyreklik)
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4.2. Yontem

Calismada degiskenler arasindaki iliski yapisal VAR (SVAR) yontemiyle analiz
edilmistir. n degiskenli ve p gecikmeli standart bir SVAR modeli asagidaki gibi
gosterilmektedir:

AY, = BL)Y, + ¢, 1)

Burada Y;; n boyutlu (nx 1) degiskenler vektoriinii, 4; nx n boyutundaki katsay1
matrisini, B(L); nxn boyutundaki gecikmeli degiskenlerin katsayr matrislerini, & ise n
boyutlu yapisal sok vektoriinii gostermektedir. SVAR modelinde kullanilan degiskenler ve
soklar asagidaki gibi tanimlanmistir:

Y, = [lrgsyh, + lborg, + lkredi, + faiz,| @)
& = [girgsyh + gibor(; + gékredi + gtaiz] (3)

4 degiskenli p gecikmeli sabit terimli bir SVAR modeli ise asagidaki gibidir:

lrgsyh, Irgsyh;_, I[lrgsyht—p]l €1

lborg, | lborg,_4 | lborg,_, Eat

tkredi, | = % 7Bt | tkredi,_y |1 +Bp[lkredit_p J+ 31 4)
faiz, faiz,_y faiz;_, Eat

SVAR yontemindeki 6nemli bir konu teorik varsayimlar dogrultusunda olusturulacak
kisitlarin belirlenmesidir. Standart VAR yontemi degiskenler arasindaki dinamik iliskileri analiz
eden “indirgenmis form” modelleri olarak tam olarak ekonomik teoriye atifta bulunmayan
tahmincilerdir (Breitung vd., 2004: 159). Bu nedenle ¢aligmalarda siklikla SVAR modelleri
tercih edilmektedir. Tabi SVAR modelinde yapisal soklarm etkilerini belirleyebilmek i¢in
Esitlik (1)’deki A matrisinin tersinin alinmas1 (A1) gerekmektedir. Béylece indirgenmis form
elde edilmis olur. Boylece yapisal soklarin indirgenmis formdaki hata terimleriyle olan iligkisi
analiz edilebilir (¢, = A~1u,). Calismamizda teorik varsaymmlar cergevesinde yapisal soklarm
etkilerini belirleyebilmek icin olusturulan SVAR modelinin katsay1 matrisi (4) ise asagidaki
gibi belirlenmistir:

1 0 0 O
fex 1 00

4= czg; 0 10 ©)
Ca1 C42 0 1

A matrisindeki varsayimlar lrgsyh degiskenin dissal oldugu ve diger degiskenlerden es
zamanli degil gecikmeli olarak etkilendigini gostermekte ve modelde digsal olarak kabul
edilmektedir. lbor¢ ve lkredi degiskenleri es zamanl olarak sadece Ilrgsyh’den
etkilenmektedir. Son olarak faiz degiskeni es zamanli olarak sadece Ilrgsyh ve lborg
degiskeninden etkilenmekte ancak lkredi degiskeninden gecikmeli olarak etkilenmektedir.

5. Analiz Sonuclar

SVAR modelini tahmin etmeden Once ilk adimda degiskenlerin hangi diizeyde duragan
oldugunun test edilmesi gerekmektedir. Calismada degiskenlerin duraganlik diizeyleri
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Genisletilmis Dickey-Fuller (ADF) testi ile test edilmistir. ADF test sonuglari Tablo 2’de
gosterilmektedir. Tablo 2°de ADF test istatistikleri incelendiginde tim degiskenlerin diizey
degerlerinde duragan oldugu sonucuna ulasilmistir. lrgsyh, lborg ve faiz degiskenleri %1
diizeyinde istatiksel olarak anlamli bir sekilde duragan bir siirece sahipken, lkredi degiskeni
istatiksel olarak %5 anlamlilik diizeyinde duragan bir siirece sahiptir. Boylece duragan bir
SV AR modeli iizerinden analiz gergeklestirilecektir.

Tablo 2. ADF Birim Kok Test Sonuclar:

Degiskenler ADF Test istatistigi
lrgsyh -4.479*** (0) [0.000]
lborg -3.754*** (1) [0.000]
lkredi -3.428** (2) [0.013]
faiz -6.269*** (3) [0.000]

Not: Gecikme uzunlugunun seciminde Schwarz Bilgi Kriteri kullanilmig ve maksimum gecikme
uzunlugu 11 olarak belirlenmigtir. Modellerde sadece sabit terim yer almaktadir. *** ** ve * igaretleri
sirastyla %1, %5 ve %10 diizeylerinde istatiksel olarak anlamlilik diizeylerini gostermektedir. (...)
gecikme uzunlugunu, [...] olasilik degerlerini gostermektedir.

SVAR tahmininin ikinci asamasinda uygun gecikme uzunlugunun segilmesi, SVAR
modelinin istikrarlihig1 ve spesifikasyon testlerinin (otokorelasyon ve degisen varyans testleri)
gerceklestirilmesi gerekmektedir. Calismada uygun gecikme uzunlugunun se¢iminde cesitli
bilgi kriterlerinden yararlanilmigtir. Bu g¢er¢evede nihai tahmin hatasi (FPE) ve Akaike bilgi
kriteri (AIC) test istatistiklerine gore en uygun gecikme uzunlugunun 6 (alt1) olduguna karar
verilmistir. Sonraki asamada SVAR(6) modeli tahmin edilerek, modelin istikrarlili§i gozden
gecirilmis, otokorelasyon ve degisen varyans testleri gerceklestirilmis ve modelin tahmin
edilebilir olduguna karar verilmistir. Gecikme uzunluguna yonelik bilgi kriterleri test
istatistikleri, otokorelasyon ve degisen varyans test sonuglari sirasiyla Ek-1, EK-3 ve Ek-4’te yer
almaktadir.

VAR yonteminin en 6nemli Ozelliklerinden birisi degiskenlerin birisinden gelen soka
diger degiskenlerin verdigi tepkinin analiz edilmesidir. Bir diger deyisle degiskenler arasindaki
etki-tepkilerin analiz edilmesidir. Carpan etkisinin ol¢iilmesi (Liitkepohl, 2005: 51) olarak da
adlandirilan bu asamada, c¢arpanlarin zaman iginde izledigi yolun tahmin edilmesi etki-tepki
fonksiyonu olarak adlandirilmaktadir (Enders, 2015: 22). Caligmanin amaci i¢ borg
stoku/GSYH oranindaki artisin kredi piyasasi lizerinden iiretimde bir dislama etkisi yaratip
yaratmadigini analiz etmektir. Bu sebeple lborg degiskeninde ortaya ¢ikan yapisal bir sokun
diger degiskenler lizerinde gosterdigi tepkiler Sekil 3’te gosterilmektedir.

Sekil 3’e gore devletin finansman ihtiyacindaki artisin GSYH iizerindeki etkisinin
baslangigta negatif oldugu ve sonrasinda bu etkinin kalict olmadigr gorilmektedir. Nitekim 2
(iki) ¢eyrek sonrasinda bu tepki pozitife donmektedir. Bu sonug baslangicta Tiirkiye’de devletin
artan finansman ihtiyacinin bankalar tarafindan karsilanmasina ragmen, toplam kredi hacmini
azaltmadigin1 ve kisa vadeli diglama etkisinin orta vadede devletin ekonomiyi tesvik edici
politikalariyla ortadan kalktigimi gdstermektedir. Ayrica burada yapilabilecek bir baska yorum,
devletin finansman ihtiyacinin bankalar aracilifiyla karsilanmaya zorlanmasinin kisa vadede
faizleri distriip kredi talebindeki artisa yol agarak ekonomik biliylimeye olumlu katki
saglamasidir. Bu sonug farkli iilke ve &rneklem igin de olsa Ozdemir ve Gomez (2020)
calismasiyla benzerlik gostermektedir. Ancak Sekil 3’te goriilecegi lizere diisiik faiz ortaminin
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orta vadede ortadan kalkmasiyla birlikte GSYH iizerindeki pozitif etki azalmaktadir. Kredi
piyasasi lizerindeki etkiler incelendiginde ise bankalarin kredi miktarina yonelik arzinin
GSYH’deki gecikmeli etkileri takip ettigine yoneliktir. Bu durum kisa vadede diisiik faizle talep
edilen kredi miktarinin orta vadede iiretim ve tiiketime doniistiigiinii géstermektedir.

e |rgsyh Iborg
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Not: Mavi bantlar Monte Carlo yontemiyle 1000 tekrar sonucu olusturulmus %68 diizeyindeki giiven
araliklarini1 gostermektedir.

Calismanin temel arastirma sorularindan ikincisine yonelik elde edilen etki tepki
fonksiyonlar1 Sekil 4’te yer almaktadir. Sekil 4’teki sonuglar standart makroekonomik teoriyi
dogrular niteliktedir. Modelde yer alan faiz degiskeninde meydana gelen yapisal bir sokun
Irgsyh {izerindeki negatif etkisi 5 (bes) ¢eyrek sirmekte ve sonra bu sokun etkisi
soniimlenmektedir. Bu sonucu faiz degiskenin lkredi degiskeni {izerindeki etkisiyle birlikte
degerlendirmek gerekmektedir. Ciinkii faizdeki artisin, bankalarin kredi maliyetlerini
etkileyerek kredi miktar1 iizerinden ekonomiyi etkiledigini gostermektedir. Standart bir yatirim-
tasarruf dengesi acisindan incelendiginde faizlerin artmasi sonucunda diglama etkisinin
gercgeklestigi sOylenebilir. Ancak modelimiz kamu harcamalarimi dikkate almadigi igin dislama
etkisinin dogrudan kamu harcamalarindaki bir artigtan kaynaklandigimi sdylemek zor olsa da
borgla finanse edilen kamu harcamalari varsayimi cercevesinde yatirim-tasarruf dengesinin
odiing verilebilir fon piyasasindaki yorumu iizerinden diglama etkisinin gergeklestigi ileri
stirtilebilir. Bir diger deyisle artan faiz oranlar1 GSYH’yi disiiriir.
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Not: Mavi bantlar Monte Carlo yontemiyle 1000 tekrar sonucu olusturulmus %68 diizeyindeki giiven
araliklarini gostermektedir.

Faizdeki yiikselisin lborg lizerindeki etki ise daha ilgingtir. Bor¢ yonetimi ¢ergevesinden
bakildiginda tahvil faizindeki yiikselis baslangicta finansman talebini azaltmakta ve sonrasinda
sokun ortadan kalkmasiyla birlikte bu etki pozitife donmektedir. Ancak burada dikkatli bir
yorum yapmak gerekmektedir. Ciinkii lborg¢’daki degisim ya i¢ bor¢ stokundaki ya da
GSYH’deki degisimlerin biiyiikliigiine baglidir. Grafik incelendiginde sokun lrgyh degiskeni
iizerinde lborg¢ degiskenine gore daha biiyiik etki yarattifi goriilmektedir. Dolayisiyla
Irgsyh’deki diisiis derinlestikge lbor¢ degiskeni daha fazla artmaktadir. Caligmada ayrica
lrgsyh ve lkredi degiskenlerinin etkileri de incelenmis ve sirasiyla Ek-5 ve Ek-6’da
sunulmustur. Caligmadaki sonuglarin giivenilirligini arttirmak adina direnclilik analizi de
gerceklestirilmistir. Bu ¢ercevede GSYH yerine sanayi iiretimi, toplam kredi hacmi yerine
mevduat bankalarinin sektorel bilangcosundan elde edilmis kredi miktar1 kullanilmis ve temel
model tekrar tahmin edilmistir. Model tahmin edildikten sonra etki-tepki fonksiyonlar
incelendiginde sonuglarin degismedigi bulunmustur.

6. Tartisma ve Sonuc¢

Tiirkiye’de bankalarin merkezi yonetim borg stoku igindeki orami dikkate alindiginda,
bor¢lanmada ortaya ¢ikan artiglarin etkilerinin incelenmesi literatiirde daha dnce ¢ok lizerinde
durulmamig bir konu olmustur. Bu cercevede c¢alisma, Tiirkiye’de i¢ borg¢ stoku/GSYH
oranindaki artislarm bankalar {izerinden ekonomiyi nasil etkiledigini SVAR ydntemiyle 2006-
2023 yillarinda ¢eyreklik verilerle analiz etmistir. Arastirma sorulari g¢er¢evesinde analiz
sonuglar1 6nemli cevaplar1 ortaya koymustur. i¢ bor¢ stoku/GSYH oranindaki artisin kredileri
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ve liretimi nasil etkiledigine yonelik tahmin sonuglari i¢ bor¢ stoku/GSYH’deki artisin ekonomi
iizerindeki etkilerinin gecici oldugunu gostermektedir. Bu sonug¢ Tiirkiye’de devlet destekli
kredi uygulamalarimin GSYH’yi arttiric1 etkilerini gostermektedir. Tabi buradaki 6nemli konu
Tirkiye’ye 6zgii durumla ilgilidir. Nitekim Yilmaz’in (2017) da vurguladigi gibi devletin KGF
benzeri yapilarla ekonomik biiylimeyi siirdiirmeye yonelik politikalari, kredi geniglemesinin
artarak devam etmesine neden olmaktadir. Ayrica bu tiir kredi programlarinin &zellikle kamu
bankalar1 iizerinden gergeklestirildigi bilinmektedir. Nitekim kamu bankalarinin arz ettigi kredi
miktar1 diger banka tiirlerine gore daha biiyiiktiir. Bu noktada temel SVAR(6) modeli, mevduat
bankalarinin vermis oldugu kredi miktarinin banka tiirlerine goére (kamu, yerli ve yabanci
mevduat bankalari, EK-7) ayristirilarak tekrar tahmin edilmistir. Tahmin edilen modellerden
elde edilen etki-tepki fonksiyonlari sadece lkredi degiskeni i¢in EK-8’de sunulmustur. Bu etki-
tepki fonksiyonlar1 sonuclar1 [bor¢ degiskeninde meydana gelen yapisal sokun kredi miktarina
etkisinin kamu bankalar1 acisindan istatiksel olarak anlamli ve belirgin oldugunu
gostermektedir. Nitekim Bi ve digerlerinde (2023) de belirtildigi sekilde devlet destekli kredi
garantileri orta ve uzun vadede mali c¢arpan etkisini kuvvetlendirerek altyapr iiretimini
arttrmaktadir. Ancak Tosunoglu (2020) devletin kredi garanti programlari benzeri
uygulamalariyla kosullu yiikiimliiliiklerini arttirmasinin, kosullu yiikiimliiliklerin ortaya ¢iktigt
durumda Hazine nakit yonetiminde Onemli risklere neden olarak bor¢lanma gereksinimini
arttiracagin1 ve mali krizleri tetikleyebilme potansiyeline sahip oldugunu belirtmektedir. Bu
sorun asimetrik bilgi durumunun bir sonucudur. Asimetrik bilgi kamu maliyesinin en énemli
islevlerinden birisi olan “kaynak tahsisinde etkinligin saglanmasi” konusu i¢inde yer almaktadir.
Asimetrik bilgi, Neo-klasik iktisadin tam bilgi varsayiminin aksine, bilginin taraflar arasinda
dengeli dagilmadigini ifade eder. Nitekim Akerlof, Limon Piyasasi makalesiyle asimetrik
bilginin piyasa basarisizligina yol actigini ortaya koymustur (Akerlof, 1970: 490; aktaran
Oluklulu, 2023: 26). Bu sorun ortaya islem oncesi ve sonrasi iki problem gikartir: Ters segim ve
ahlaki tehlike. Bu iki problem ise kredi piyasasinda kredi tayinlamasina yol agmaktadir.

Devlet tahvil faizindeki artigin etkileri nelerdir sorusuna yonelik elde edilen sonuglara
gore 5 wyillik devlet tahvil faizindeki artisin ekonomi {izerinde daraltici etkileri ortaya
cikmaktadir. Bu sonu¢ bankalarin kredi maliyetlerindeki artisin, kredi talebine yansidigini ve
iretim ve tiiketim iizerinden GSYH’yi disiirdiigiinii gostermektedir. Bu durum Tirkiye
ekonomisi agisindan bankacilik kredi kanalinin 6nemini gostermektedir.

Kisacas1 mevcut ¢aligmanin sonuglari, Tiirkiye 6zelinde degerlendirildiginde bankalarin
devletin borglanma ihtiyacinin en 6nemli finansman kaynagi olmasi nedeniyle kisa vadede
faizlerde diisiis yaratarak kredi talebini arttirdigini ve orta vadede GSYH {izerindeki olumlu
etkilerini gostermektedir. Ancak, bu sonucun orta vadede faiz oranlarinda bir artisa yol actig1
gerceginin de gdz ardi edilmemesi gerektigini vurgulamak énemlidir.

Calismanin sonuglarma dayali olarak diglama etkisinin gergeklesmemesi adina cesitli
politika Onerileri sunulabilir. Christensen (2004) dislama etkisinin ger¢eklesmemesi igin
yatinnmci tabani, faiz ve vade agisindan onemli Oneriler sunmaktadir. Borg otoriteleri kisitl
miktardaki fona olan talebini sinirli tutarak faizler tizerindeki baskiy1 hafifletmeli ve bor¢lanma
ihtiyacin1 ise genis sayida bir yatirimel tabanina yayarak ve yatirimci tabanini genisletmeye
calisarak gerceklestirmelidir. Bunun yani sira bor¢ portféyiiniin yeterli miktarda hem kisa ve
hem de uzun vadeli menkul kiymetleri igermesi gerekmektedir.

868



S. Kasal, “Tiirkiye’de Devlet I¢ Borcu, Kredi Piyasasi ve Diglama Etkisi”

Bir diger 6neri kamu politikalar1 araciligiyla desteklenen kredi artiglarinin risk boyutunun
azaltilmasi amaciyla alinacak Onlemlere iliskindir. Bu risk selektif (tercihli) politikalar
araciligryla azaltilabilir. Calisma igerisinde deginilmemis ancak buradan yola ¢ikilarak
sunulabilecek bir bagka 6neri, kosullu yiikiimliiliikler ¢ercevesinde kredi riskinin gorevlendirme
bedeline neden olarak biitceye yiikleyecegi maliyetle ilgilidir. Nitekim Tiirkiye’de bu duruma
iyi bir 6rnek olarak, kredi riskinin kontrol edilebilmesine yonelik her yil Biitce Kanunu
cercevesinde belirlenen limit (garantili imkan) verilebilir. Dolayisiyla kamu bor¢ yonetimi
cergevesinde, kredi risk yOnetimi buna benzer iyi Orneklerle gelistirilmeli ve giicli bir
mekanizma olusturulmalidir.

Calisma, kredi kanalinin banka bilancolar1 ve devlet biitgesi agisindan daha detayh
incelenmesi c¢ercevesinde ilerletilebilme potansiyeline sahiptir. Bunun yani sira ¢aligsma, para
politikas: uygulamalarinin bankalarin kredi verme davranislari {izerindeki etkilerinin oldugu
disiiniildiigiinde bu etkilerin incelenmesi agisindan da yeni ¢aligmalar ortaya ¢ikarabilecek fikri
barmdirmaktadir. Son olarak dissal finansal kosullarin etkilerinin de ayristirilmasiyla devletin
bor¢lanma piyasasinda 6diing verilebilir fonlara olan talebini ve bdylece bankalar {izerindeki
mali baskinligin kredi kanal1 {izerinden ekonomiyi nasil etkiledigi aragtirilabilir.

Arastirma ve Yayin Etigi Beyam
Etik kurul izni ve/veya yasal/6zel izin alinmasina gerek olmayan bu galismada 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 ¢catismasi bulunmamaktadir.
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EKLER

Ek-1. Gecikme Uzunluguna Yénelik Test istatistikleri
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Gecikme LogL LR FPE AlC SC HQ
0 105.1626 NA 6.19e-07 -2.944320 -2.678907 -2.839443
1 205.0478 181.6096 4.88e-08 -5.486298 -4.690060* -5.171667
2 236.9001 54.05232 3.04e-08 -5.966670 -4.639606 -5.442284
3 260.0767 36.52078 2.49e-08 -6.184144 -4.326255 -5.450004
4 283.2312 33.67919 2.06e-08 -6.400945 -4.012231 -5.457051*
5 303.4818 27.00079* 1.91e-08 -6.529751 -3.610211 -5.376102
6 323.9947 24.86414 1.79e-08* -6.666506* -3.216141 -5.303103

Not: LogL; log olasiligi, LR; sirali degistirilmis log olasiligi, FPE; nihai tahmin hatasini, AIC; Akaike
bilgi kriterini, SC; Schwarz bilgi kriterini, HQ; Hannan-Quinn bilgi kriterini ifade etmektedir.
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Ek-2. SVAR(6) Modelinin istikrarlihg
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Ek-3. SVAR(6) Modeli Otokorelasyon Test Sonucu

125 150

Gecikme LRE™ ist. df Olasihik Rao F-ist. df Olasilik

1 30.26859 16 0.0167 2.041306 (16, 101.5) 0.0170

2 10.84710 16 0.8188 0.666986 (16, 101.5) 0.8198

3 29.72519 16 0.0195 1.999414 (16, 101.5) 0.0199

4 30.34854 16 0.0163 2.047488 (16, 101.5) 0.0166

5 19.51355 16 0.2429 1.249958 (16, 101.5) 0.2447

6 21.81834 16 0.1492 1.413000 (16, 101.5) 0.1506

7 15.78714 16 0.4679 0.993573 (16, 101.5) 0.4698

Ek-4. SVAR(6) Modeli Degisen Varyans Test Sonucu

2 df Olasilik
496.0080 490 0.4159
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Not: Mavi bantlar Monte Carlo yontemiyle 1000 tekrar sonucu olusturulmus %68 diizeyindeki giiven
araliklarin1 gostermektedir.
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Not: Mavi bantlar Monte Carlo yontemiyle 1000 tekrar sonucu olusturulmus %68 diizeyindeki giiven

araliklarini gostermektedir.
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Ek-7. Mevduat Banka Tiirlerine Gore Kredi Miktari (2006-2023 Ceyreklik)
Not: Mevduat bankalarinin tiirlerine gore elde edilmis kredi miktar1 verileri BDDK’dan elde edilmistir.
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Ek-8. Banka Tiirlerine Gore Etki Tepki Grafikleri (&% — eikredikam"'y abancuyerliy

Not: Gri, turuncu ve yesil bantlar Monte Carlo yontemiyle 1000 tekrar sonucu olusturulmus %68
diizeyindeki giiven araliklarini gdstermektedir.
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GOVERNMENT DOMESTIC DEBT, CREDIT MARKET AND CROWDING-
OUT EFFECT IN TURKIYE

EXTENDED SUMMARY

The Aim of the Study

The government is actively borrowing for a variety of reasons, both fiscal and nonfiscal.
The primary challenge in debt management is to meet borrowing requirements while
minimizing costs and risks. In addition to these issues, the distribution of debt holders
influences the success of debt policies in particular, as well as fiscal policies generally. How
banks, which hold a substantial amount of government debt, affect the economy through credit
markets is a critical issue that must be addressed. Because the topic is essential in terms of both
economic and financial consequences, this work addresses an important gap in the literature.
Furthermore, the study sheds light on how risks originate in debt management. Bank-related
problems, in particular, have an impact on both public finance and the economy through the
debt market. With this objective in mind, this study aims to bridge a significant gap in the
literature for Tiirkiye by addressing the following questions: i) How does the rise in the
domestic debt-to-GDP ratio affect credit and output? ii) What are the economic and financial
implications of the increase in government bond interest rates? The first question examines
whether or not the crowding-out effect has occurred through the banking credit market. This
situation is also referred to as the “quantity channel” for crowding out private investments. The
second question investigates the economic impact of rising government bond interest rates.

Literature

The majority of studies on Tiirkiye focus on whether the crowding-out effect exists within
the context of government expenditures, government investments, and partial government debt.
Studies provide complex findings. This condition complicates policy recommendations. It has
been seen that many studies do not take into consideration the debt market and banks, which are
key players in this market. Furthermore, presuming that this influence will not manifest itself in
the credit market is viewed as a research shortcoming. To address this gap, the study examines
whether Tiirkiye experiences crowding out through the banking channel.

Data and Methodology

The answers to the above questions for Tiirkiye are investigated using the structural VAR
(SVAR) method with the 2006-2023 quarterly data. The GDP variable, calculated according to
the expenditure method based on the chained volume index, is used as an indicator of economic
output in the study. The credit variable is based on the total credit volume. In the model, fiscal
policy is represented by the ratio of domestic debt stock to GDP. The study uses the 5-year
government bond interest rate to indicate the borrowing cost. The SVAR method estimates the
relationship between the variables.
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Results

The impulse-response functions have indicated key findings. Although a structural shock
to Tirkiye’s domestic debt stock/GDP ratio has a short-term crowding-out effect, this effect
fades in the medium term. Banks’ increased demand in the bond and bill market results in a
decrease in interest rates and an increase in credit demand. Low interest rates boost credit
demand, leading to an increase in production and consumption over the medium term. This
situation shows that the amount of credit demanded with low interest in the short term turns into
production and consumption in the medium term. The results found for the second question of
the study show the importance of the banking credit channel for Tiirkiye. The findings
demonstrate the economy’s contraction due to the rise in interest rates on government bonds.
This result shows that the increase in credit costs is reflected in the credit demand and decreases
GDP through production and consumption. In short and briefly, the study results show that the
increase in domestic debt creates a crowding-out effect in the short term, but this effect
disappears in the medium term with government-supported credit-like practices, and the
decrease in interest in the short term loses its effect in the medium term.

Policy Recommendations

Based on the study’s findings, a variety of policy recommendations can be made to
prevent the crowding-out effect. Debt authorities should limit their demand for limited funds
and address their borrowing needs by distributing them to a broad investor base and by trying to
expand the investor base. In addition, the debt portfolio should include sufficient amounts of
both short-term and long-term securities. Public policies support measures to reduce the risk
dimension of credit increases. This risk can be reduced through selective policies. The study has
the potential to be advanced within the framework of a more detailed examination of the credit
channel in terms of bank balance sheets and the government budget.
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Oz

Enflasyon, ekonomik istikrar ve biiylime {izerinde derin etkiler yaratan, temel bir
makroekonomik gostergedir. Fiyatlar genel diizeyindeki siireklilik arz eden artislar,
yalnizca bireylerin satin alma giiglerini zayiflatmakla kalmayip, ulusal ekonominin
gesitli sektorleri ilizerinde de ciddi tehditler olusturmaktadir. Dolayisiyla,
enflasyonun dogru tahmini hem merkez bankalar1 hem de hiikiimetler i¢in stratejik
bir 6nem tasimaktadir. Bu c¢alisma, Tirkiye’deki ekonomik soklar ve kriz
donemlerinde, enflasyon tahmininde XGBoost ve ARMA modellerinin
performansini incelemektedir. 1994 ekonomik krizi, 2001 finansal krizi, 2008
kiiresel finansal krizi ve 2018 doviz krizi gibi sik yasanan krizler ve Tiirkiye'nin
0zgiin makroekonomik kosullart géz oOniline alindiginda, enflasyonun dogru
tahminini zorlastirmaktadir. Caligmada, kriz donemleri de dahil olmak tizere farkli
zaman dilimlerinde XGBoost makine dgrenimi algoritmasi ile ARMA modelinin
performans:t karsilagtirilmaktadir. Ampirik bulgular, XGBoost’un biiyiik veri
setleri ve kriz donemlerinde giiglii performans gosterdigini, ancak geleneksel
ARMA modelinin daha kiigiik veri setlerinde daha iyi sonuglar verdigini ortaya
koymaktadir. Ozellikle, ARMA modelinden gelen gecikmeli degiskenlerin
XGBoost’a entegre edilmesiyle elde edilen tahmin modeli, kriz dénemlerinde ve
tim Orneklem dénemi olan 1990:02-2024:06 arasinda en etkili yontem olarak
belirlenmistir. Bu sonuglar, enflasyon tahmini i¢in kullanilan modellerin veri
yapisina duyarliliginmi vurgulamakta ve farkli donemlerdeki etkinliklerini ortaya
koymaktadir.

Abstract

Inflation is a key macroeconomic indicator with profound implications for
economic stability and growth. Persistent increases in the general level of prices
not only weaken individuals' purchasing power but also pose serious threats to
various sectors of the national economy. Accurate inflation forecasting is therefore
of strategic importance for central banks and governments. This paper examines
the performance of XGBoost and ARMA models in forecasting inflation during
economic shocks and crisis periods in Tiirkiye. The 1994 economic crisis, 2001
financial crisis, 2008 global financial crisis, and 2018 currency crisis, along with
Tiirkiye's unique macroeconomic conditions, complicate accurate inflation
forecasting. This study compares the performance of the XGBoost machine
learning algorithm and the ARMA model over different periods, including crises.
The findings show XGBoost performs well for large datasets and crisis periods,
while ARMA performs better for smaller datasets. Particularly, the forecasting
model integrating ARMA's lagged variables into XGBoost proves most effective
during crises and across the entire sample period, 1990:02-2024:06. These results
highlight the models' sensitivity to data structure and their efficiency in different
periods.
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1. Giris

Enflasyon, ekonomik istikrar ve biiyiime tizerinde belirleyici etkiler yaratan temel bir
makroekonomik gostergedir. Fiyatlar genel diizeyindeki siirekli artis, sadece bireylerin satin alma
giiciinii degil, ayn1 zamanda ulusal ekonominin c¢esitli sektorlerini de riske atmaktadir
(Niyimbanira, 2013). Yiiksek enflasyon, tiiketicilerin satin alma giiciinii agindirarak tiiketimin
azalmasina ve genel ekonomik aktivitenin yavaglamasina yol agmaktadir (Girdzijauskas vd.,
2022). Enflasyonun kalict yiikselisi, sadece bireylerin alim giicline zarar vermekle kalmamakta,
ayni zamanda isletmelerin kérhihigma ve genel ekonomik biiyiimeye de ciddi riskler
olusturmaktadir.

Enflasyonun ekonomi iizerindeki etkileri cok yonliidiir. Enflasyon, faiz oranlarini
etkilemekte olup, merkez bankalar1 genellikle artan enflasyona kars1 harcamalar1 ve borglanmay1
sinirlamak i¢in faiz oranlarini artirmaktadir (Noh vd., 2023). Bu durum ekonomik biiyiimeyi daha
da yavaglatmakta, ¢iinkii yliksek faiz oranlari, tiiketiciler ve isletmeler igin kredileri daha pahali
hale getirmektedir (Dwumfour, 2019). Bunun yani sira, enflasyon yatirim kararlarinda belirsizlik
yaratmakta ve hizla degisen fiyatlarin oldugu bir ortamda isletmelerin yatirim yapmaktan imtina
etmelerine neden olmaktadir. Ayrica, enflasyonun olusturdugu belirsizlik ortami, o6zellikle
gelismekte olan iilkelerde, siirdiirtilebilir yatirim stratejilerini zorlastirmaktadir. Bunun yani sira,
enflasyon, licret-fiyat sarmali denilen bir duruma da yol agabilmektedir. Artan fiyatlar, isgilerin
satin alma giiclerini koruyabilmek i¢in daha yiiksek iicret talep etmesine sebep olmaktadir. Bu
durum, ekonomiyi istikrarsizlagtirmakta ve Onemli sosyal ve ekonomik sorunlara yol
acabilmektedir. Dolayisiyla, enflasyonun dogru ve zamaninda tahmini hem merkez bankalar1 hem
de hiikiimetler igin stratejik bir onem tagimaktadir. Giivenilir enflasyon tahminleri, ekonomik
karar alicilarin gelecekteki potansiyel dengesizlikleri 6ngormesini ve bu dengesizliklere karsi
zamaninda dnlem almasini saglamaktadir.

Literatiirde enflasyon tahmini ic¢in kullanilan yontemler, geleneksel ekonometrik
modellerden (6rnegin, Otoregresif Entegre Hareketli Ortalama- ARIMA, Phillips Egrisi) modern
makine Ogrenmesi algoritmalarina kadar genis bir yelpazede yer almaktadir. Geleneksel
yontemler, tarihsel verilere dayali 6ngoriiler sunarken, makine 6grenmesi yontemleri 6zellikle
biiyiik ve karmagik veri setlerinde daha yiiksek tahmin dogrulugu sunma potansiyeline sahiptir
(Salkuti, 2020; Ji, 2023; Li vd., 2023). Bu ¢er¢evede, XGBoost (eXtreme gradient boosting) gibi
gelismis makine Ogrenmesi algoritmalari, Oznitelik se¢imi, model optimizasyonu ve asiri
O0grenmeyi Onleme konularinda sundugu avantajlar ile 6ne g¢ikmaktadir. XGBoost, 6zellikle
verinin karmasik yapisinit 6grenmede ve hizli hesaplama yetenekleri ile enflasyon tahmini gibi
zor problemlerde giiglii bir alternatif olarak literatiirde kendine yer bulmustur (Chen ve Guestrin,
2016; Aras ve Lisboa, 2022; Rizinski vd., 2022; Gono, 2023; Ivascu, 2023). Ancak, Tirkiye gibi
gelismekte olan iilkelerdeki enflasyon tahmini siireci, siklikla yasanan ekonomik soklar ve
krizlerle daha da karmasik bir hal almaktadir. Tiirkiye ekonomisi, son birka¢ on yilda birgcok
ekonomik kriz ve sok yagamistir; 1994 krizi, 2001 finansal krizi, 2008 kiiresel finansal kriz ve
2018 doviz krizi gibi donemler, enflasyon dinamiklerinde ciddi dalgalanmalara yol agmistir. Bu
tiir ekstrem durumlar, geleneksel zaman serisi yontemlerinin tahmin yetenegini sinirlayarak, yeni
yontemlerin uygulanabilirligini test etmek icin ideal bir ortam sunmaktadir. Bu baglamda,
XGBoost gibi modern ydntemlerin performansi, 6zellikle kriz dénemlerinde biiyiik 6nem
tagimaktadir.
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Bu c¢alismada, 1990:02-2024:06 donemine ait aylik veriler kullanilarak, XGBoost
yonteminin Tiirkiye'deki ekonomik soklar ve kriz donemlerinde enflasyon tahminindeki
performansi incelenmistir. XGBoost yonteminin, bu tiir ekstrem durumlarda ne 6lgiide giivenilir
tahminler yapabildigi degerlendirilmis, ayn1 zamanda klasik zaman serisi yontemlerinden biri
olan otoregresif hareketli ortalama (ARMA) modeli ile karsilagtinlmistir. Bu ¢ercevede,
calismanin iki temel katkisi olacaktir: Birincisi, XGBoost'un kriz ve sok donemlerinde tahmin
performansini analiz ederek literatiirdeki boslugu doldurmak; ikincisi, geleneksel yontem olan
ARMA modeli ile bu yeni yontemin performanslarim karsilastirarak, hangi sartlar altinda hangi
yontemin daha etkin olduguna dair pratik 6neriler sunmak. Elde edilen sonuglara gére, XGBoost
yontemi, dncesinde biiyiik bir zaman penceresi olan kriz donemlerinde gii¢lii tahmin performansi
sergilerken, gelencksel ARMA modeli daha kiiciik veri setlerinde daha etkili sonuglar
vermektedir. Ozellikle XGBoost modeline gecikmeli degiskenlerin eklenmesiyle tahmin
dogrulugunun o6nemli Olgiide arttigi, kriz donemlerinde daha tutarli Ongoriiler sagladig
goriilmiistiir. Bu bulgular, Tirkiye gibi gelismekte olan ve sik ekonomik soklara maruz kalan
ekonomilerde, farkli tahmin yontemlerinin uygulanabilirli§ine dair 6nemli iggdriiler sunmaktadir.

Calismanin ilerleyen boliimlerinde ilk olarak literatiir taramasi sunulmus, ardindan veri seti
ve metodoloji detaylandirilmigtir. Takip eden boliimde bulgulara yer verilmis, son boliimde ise
tahmin sonuglar1 degerlendirilerek ¢esitli 6nerilerde bulunulmustur.

2. Literatiir Taramasi

Bu béliimde, enflasyon tahmininde kullanilan cesitli ekonometrik ve makine 6grenimi
yaklasimlar1 ile bu yontemlerin dogrulugunu artirmaya yonelik uygulamalar incelenmistir.
Literatiirde enflasyon tahminine yonelik caligmalar, geleneksel ekonometrik yontemler ile yeni
nesil yapay zeka ve makine 6grenimi tekniklerini kullananlar olmak tizere ikiye ayrilmaktadir.

Stock ve Watson (1999), 1959:01-1997:09 doneminde ABD'de enflasyon tahminlerini
Phillips egrisi ¢er¢evesinde incelemistir. Calismada, igsizlik oranina dayali geleneksel Phillips
egrisi modeli ile diger makroekonomik degiskenler ve ekonomik aktivite gostergelerine dayali
alternatif Phillips egrisi modelleri karsilagtirilmistir. Sonuglar, issizlik oranina dayali Phillips
egrisi tahminlerinin diger degiskenlere dayali modellerden genellikle daha iyi performans
gosterdigini, ancak bazi ekonomik aktivite gostergelerinin (6zellikle konut baslangiglari ve tiretim
kapasitesi kullanimi gibi) enflasyon tahminlerinde iyilestirmeler saglayabilecegini gdstermistir.
Chen vd. (2001), 1948:01-1995:04 doneminde ABD enflasyonunu tahmin etmek igin yari-
parametrik ARX yapay sinir ag1 modellerini kullanmistir. Calismada, ii¢ farkli aktivasyon
fonksiyonu (sigmoid, radyal bazli ve ridgelet) kullanilmis ve bu modeller, dogrusal modellerle
karsilastirilmistir. Sonuglar, yari-parametrik ridgelet ARX modelinin tahmin dogrulugu agisindan
en iyl performansi gosterdigini ve geleneksel dogrusal modelleri geride biraktigini ortaya
koymustur. Hubrich (2005), 1992:01-2001:12 déneminde Avrupa Bolgesi enflasyon tahminlerini
bilesenlere dayali alt-indeks tahminlerinin dogrulugunu incelemek amaciyla tek degiskenli ve ¢ok
degiskenli dogrusal zaman serisi modellerini kullanarak analiz etmistir. Caligmada, HICP
(Tiketici Fiyatlar1 Harmonize Endeksi) bilesenlerinin (gida, enerji, endiistriyel iiriinler vb.)
tahminlerinin, genel HICP enflasyonu tahmin etmekte ne kadar etkili oldugu arastirilmistir.
Sonuglar, bilesen bazli tahminlerin genel HICP tahminine kiyasla uzun vadede daha yiiksek
dogruluk saglamadigini ortaya koymustur.
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Nakamura (2005), 1960:01-2003:03 déneminde ABD'deki enflasyon tahminlerini yapay
sinir ag1 (NN) modeli kullanarak analiz etmistir. Calisma, NN modelini ve tek degiskenli
otoregresif (AR) modellerini karsilastirarak, kisa vadeli (bir ve iki ¢eyrek) tahminlerde sinir ag1
modelinin AR modellerine kiyasla daha iyi performans gosterdigini ortaya koymustur.
Calismada, erken durdurma prosediirii gibi sinir ag1 modelleme tekniklerinin tahmin basarisina
katkida bulundugu tespit edilmistir. McAdam ve McNelis (2005), 1970:01-2003:12 déneminde
ABD, Japonya ve Avrupa bolgesindeki enflasyon tahminlerini dogrusal ve NN tabanl kalin
modelleri (thick models) kullanarak analiz etmislerdir. Caligmada, Phillips egrisi formiilasyonuna
dayali modeller karsilastirilmig ve 6zellikle hizmet fiyat endeksleri tahmininde NN modellerinin,
bootstrap ve ger¢ek zamanli tahminler agisindan dogrusal modellerden daha basarili oldugu tespit
edilmistir. Stock ve Watson (2007), 1960:01-2004:12 doneminde ABD enflasyon tahminlerinin
zorlagmasinin nedenlerini incelemek amaciyla, gozlenemeyen bilesenler (UC) modeli ve zamanla
degisen parametrelerle ¢alisan bir trend-dongii modeli kullanarak analiz yapmuslardir. Calisma,
enflasyonun yapisal degisiklikler geg¢irdigini ve bu degisikliklerin tahmin zorluklarina katkida
bulundugunu gostermistir. Ozellikle, 1984 sonras1 donemde Phillips egrisi gibi ¢cok degiskenli
tahmin modellerinin performansinda diisiis oldugu, ancak basit tek degiskenli modellerin tahmin
hatalarinin azaldig1 bulunmustur. Stock ve Watson (2008), 1953:01-2008:01 déneminde ABD’de
enflasyon tahminlerini degerlendirmek amaciyla Phillips egrisi tahminlerini ve gesitli tek
degiskenli tahmin modellerini s6zde (pseudo) drneklem dis1 yontemi ile incelemistir. Calismada,
enflasyonun aktivite degiskenleri ile tahmin edilip edilemeyecegi arastirilmistir. Sonuglar,
Phillips egrisi tahminlerinin zaman zaman tek degiskenli modelleri geride birakabildigini, ancak
genel olarak bu performansin belli bir zaman doénemi ile sinirli oldugunu ve ¢ogu zaman tek
degiskenli tahminlerden daha iyi sonu¢ vermedigini gostermistir. Koop (2013), 1959:Q1-
2008:Q3 doneminde ABD makroekonomik verilerini kullanarak orta ve biiylik boyutlu Bayesyen
VAR modelleri ile tahmin yapmistir. Calismada, Bayesyen VAR'larin faktor yontemlerine gore
daha iyi tahmin yapabildigi ve Minnesota onselleri ile stokastik arama degisken se¢imi (SSVS)
yontemlerinin performanslarinin karsilastirildigi analizler gerceklestirilmistir. Sonuglar, orta
boyutlu VAR'larin biiyiikk boyutlu VAR'lara kiyasla daha iyi tahminler {iretebildigini ve
Minnesota Onselleri ile SSVS yaklagimlarinin tahmin performanslarinin genellikle benzer
oldugunu ortaya koymustur. Faust ve Wright (2013), 1985:01-2011:04 doneminde ABD'deki
enflasyon tahminlerini geleneksel ve yeni gelistirilen modelleri karsilastirarak analiz etmistir.
Calismada, subjektif tahminlerin model bazli tahminlere gore iistiin oldugu, 6zellikle enflasyonun
diisiik frekansh yerel ortalamasi dikkate alinarak yapilan tahminlerde daha basarili sonuglar elde
edildigi tespit edilmistir. Sonuglar, makroekonomik modelleme yontemlerinin yan1 sira piyasa
bazli enflasyon tahminlerinin de 6nemli katkilar sundugunu gostermistir.

Stock ve Watson (2016), 1959:01-2015:06 déneminde ABD'deki temel ve trend enflasyonu
dinamik faktor modelleri kullanarak analiz etmistir. Calismada, kisisel tiiketim harcamalari (PCE)
fiyat endeksinin 17 bilesenine dayali dinamik bir faktdr modeli gelistirilmis ve zamana bagl
agirliklar ile sektorler arasi ortak hareketlilik dikkate alinmistir. Sonuglar, ¢ok degiskenli trend
enflasyon tahminlerinin, manset enflasyonuna dayali tahminlerden daha kesin oldugunu ve temel
enflasyon Olciitlerinin, 1-3 yillik enflasyon tahminlerinde 6nemli iyilesmeler sagladigini ortaya
koymustur. Garcia vd. (2017), 2003:01-2015:12 déneminde Brezilya enflasyon tahminlerini
yiiksek boyutlu modeller ve makine 6grenimi teknikleri kullanarak analiz etmistir. Calismada,
LASSO, rastgele ormanlar (RF) ve tam alt kiime regresyon gibi yontemler kullanilmustir.
Sonuglar, kisa vadeli tahminlerde LASSO’nun, uzun vadeli tahminlerde ise tam alt kiime
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regresyonunun en iyi performansi gosterdigini ortaya koymustur. Ayrica, model kombinasyonu
kullanilarak tahmin dogrulugunda 6nemli iyilesmeler saglanmistir. Domit vd. (2019), 2000:Q1-
2012:Q3 doneminde Birlesik Krallik'taki ekonomik gostergeleri tahmin etmek igin orta olgekli
bir Bayesyen VAR (BVAR) modeli kullanmistir. Calismada, BVAR modeli ile GSYH biiyiime
oran1 ve enflasyon tahmin edilmis ve bu tahminler Ingiltere Merkez Bankasi'nin DSGE modeli
olan COMPASS ile karsilagtirlmistir. Sonuglar, BVAR modelinin GSYH biiylimesi
tahminlerinde COMPASS'a gore daha iyi performans gosterdigini, ancak enflasyon tahminlerinde
iki modelin performansinin benzer oldugunu ortaya koymustur. Carriero vd. (2019), 1993:Q1-
2013:Q4 déneminde ABD, Birlesik Krallik, Avrupa bolgesi, Almanya, Fransa, italya ve
Japonya’da c¢ikt1 biiyiimesi ve enflasyon tahminlerini degerlendirerek, faktdr modelleri, BVAR
modelleri, MIDAS modelleri ve DSGE modelleri arasinda karsilagtirmalar yapmislardir. Caligma,
genis veri setlerini kullanan modellerin tahmin performanslarini, 6zellikle faktér modelleri ve
MIDAS modelleri ile degerlendirirken, BVAR modellerine kiyasla daha yiiksek dogruluk
sagladigin1 gostermistir. Ayrica, DSGE modellerinin uzun vadeli enflasyon tahminlerinde
ozellikle ABD ve Birlesik Krallik'ta basarili sonuglar elde ettigi bulunmustur. Medeiros vd.
(2021), 1960:01-2015:12 doneminde ABD'deki enflasyon tahminlerini makine 6grenimi
yontemleri kullanarak analiz etmistir. Calismada, RF, LASSO ve Ridge regresyon gibi gesitli
makine 6grenimi modelleri uygulanmigtir. Sonuglar, RF modelinin enflasyon tahminlerinde diger
yontemlere gore daha yiiksek dogruluk sagladigimi ve ozellikle verilerin dogrusal olmayan
yapisint iyi yakaladigini gostermistir. Calisma, genis veri setleriyle calismanin tahmin
dogrulugunu %30'a kadar artirabilecegini ortaya koymustur. Peirano vd. (2021), 1958:01-
2019:06 doneminde Latin Amerika iilkelerindeki enflasyonu tahmin etmek i¢in mevsimsel
otoregresif entegre hareketli ortalama (SARIMA) ve uzun kisa siireli bellek (LSTM) modellerini
birlestirerek analiz etmislerdir. Caligmada, SARIMA ve LSTM modellerinin dogrusal ve dogrusal
olmayan yonlerini birlestirerek daha yiliksek tahmin dogrulugu elde edilmistir. Sonuglar, 6nerilen
SARIMA-LSTM modelinin, diger tekil modellerden daha iyi tahmin performansi sagladigini
gostermistir.

Clark vd. (2024), 1980:Q1-2021:Q1 doneminde ABD enflasyon tahminlerini esnek,
parametrik olmayan modeller kullanarak analiz etmislerdir. Calismada, Gaussian siireg
regresyonu ve Dirichlet siire¢ karigimi modelleri kullanilmis ve bu yoOntemlerin enflasyon
tahminlerinde dogrulugu artirdig1 goriilmiistiir. Ozellikle, pandemi dénemi gibi oynak
donemlerde bu modellerin geleneksel modellere gore daha iyi performans sergiledigi tespit
edilmistir. Almosova ve Andresen (2023), 1960:01-2020:06 déneminde ABD enflasyonunu
tahmin etmek i¢in LSTM ve diger makine 6grenimi yontemlerini kullanarak analiz etmislerdir.
Calismada, LSTM, SARIMA, Markov-switching ve NN modelleri karsilastirilmis ve sonuglar,
LSTM'nin 6zellikle ayarlanmis ve sezonluk diizeltilmemis veriler {izerinde en iyi performansi
gosterdigini ortaya koymustur. Ayrica, modelin biiyiik soklarin ardindan enflasyon egilimlerini
dogru sekilde tahmin ettigi bulunmustur. Hauzenberger vd. (2023), 1963:01-2021:01 déneminde
ABD enflasyon tahminlerini dogrusal olmayan boyut indirgeme tekniklerini kullanarak analiz
etmislerdir. Caligmada, makine 6grenimi teknikleriyle elde edilen gizli faktdrler, zamanla degisen
parametre (TVP) regresyonlar1 ile modelleme yapilmistir. Sonuglar, Ozellikle resesyon
doénemlerinde dogrusal olmayan boyut indirgeme y6ntemlerinin, dogrusal yaklasimlara kiyasla
daha rekabetci enflasyon tahminleri sagladigini gostermistir.

Tiirkiye'de enflasyon tahmini, iilkenin benzersiz ekonomik kosullar1 ve enflasyon
oranlarindaki oynaklik nedeniyle kritik bir ¢aligma alan1 olmaktadir. Enflasyon tahminlerinin
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dogrulugunu artirmak i¢in geleneksel ekonometrik modeller, makine dgrenmesi teknikleri ve
hibrit yaklagimlar dahil olmak itizere g¢esitli metodolojiler kullanilmaktadir. Ogunc vd. (2013),
2003:Q1-2011:Q2 déneminde Tiirkiye’de kisa vadeli enflasyon tahminlerini bir dizi ekonometrik
model kullanarak analiz etmistir. Calismada, tek degiskenli modeller, frekans ve zaman alani
ayrigsmasina dayali yaklasimlar, Phillips egrisi temelli zamanla degisen parametre modeli, VAR
ve Bayesian VAR modelleri ile dinamik faktdr modelleri kullanilmistir. Sonuglar, daha fazla
ekonomik bilgi igeren modellerin rastgele yiiriiylis modeline kiyasla tahmin dogrulugunu %30
oraninda artirdigim1 gostermistir. Ayrica, tahminlerin birlestirilmesiyle elde edilen sonuglar,
bireysel modellere gore hata payinin azaldigini ortaya koymustur. Bulut (2018), 2006:04-2016:12
doneminde Tiirkiye'de 12 aylik ve 24 aylik enflasyon beklentilerini belirlemek i¢in otoregresif
dagitilmis gecikmeli (ARDL) modelini kullanarak analiz etmistir. Calismada, gegmis enflasyon
orani, enflasyon hedefi, ¢ikt1 acigi, USD/TL ddviz kuru, petrol fiyati ve EMBI degiskenleri
kullanilmigtir. Sonuglar, 12 aylik enflasyon beklentisinin ge¢mis enflasyon orani, enflasyon
hedefi, ¢ikt1 agigi, USD/TL kuru ve petrol fiyat1 ile pozitif, gelismekte olan piyasalar tahvil
endeksi (EMBI) ile negatif iliskili oldugunu, 24 aylik enflasyon beklentisinin ise sadece gegmis
enflasyon orani1 ve USD/TL kuru ile pozitif, enflasyon hedefi ve EMBI ile negatif iligkili oldugunu
gostermistir.

Deka ve Resatoglu (2019), 2018 doviz krizi sonras1 donemde Tiirkiye'deki doviz kuru ve
enflasyon tahminlerini ARIMA modeli kullanarak analiz etmistir. Calismada, ARIMA(3,1,3)
modelinin Tirkiye'nin déviz kuru tahmini i¢in en uygun model oldugu ve ARIMA(I,1,4)
modelinin ise TUFE tahmininde en iyi performansi sagladig tespit edilmistir. Sonuglar, ARIMA
modelinin doviz kuru ve enflasyon tahminlerinde gilivenilir bir yontem oldugunu ortaya
koymustur. Akbulut (2022), 2006:01-2020:12 déneminde Tiirkiye’de enflasyon tahminlerini
makine 0grenimi ve zaman serisi modellerini kullanarak analiz etmistir. Calismada, Ridge, Lasso
ve ¢ok katmanli algilayict (MLP) modelleri ile VAR modelinin tahmin performanslar
karsilastirilmigtir. Sonuglar, MLP algoritmasinin dogrusal modellerden daha iyi tahmin sonuglari
verdigini, ancak VAR modelinin en iyi performansi gosterdigini ortaya koymustur. Ayrica,
oynakligin yiiksek oldugu donemlerde dogrusal olmayan modellerin enflasyon tahminlerinde
daha basaril1 oldugu tespit edilmistir. Ozgiir ve Akkog (2022), 2007:03-2019:07 déneminde
Tiirkiye'deki enflasyon tahminlerini makine 6grenimi algoritmalar: (ridge, lasso, ada lasso ve
elastic net) kullanarak analiz etmislerdir. Calismada, ARIMA ve VAR gibi geleneksel
ekonometrik modeller ile makine 6grenimi teknikleri kargilagtirilmigtir. Sonuglar, lasso ve elastic
net algoritmalariin, Ozellikle yiiksek enflasyon ve oynaklik donemlerinde daha iyi tahmin
performansi sagladigini géstermistir. Enerji iiretimi, ingaat sektorii gostergeleri ve reel efektif
doviz kuru enflasyon tahminlerinde dne ¢ikan degiskenler olmustur.

Rayner ve Bolhuis (2020), 2012:Q1-2019:Q4 doéneminde Tiirkiye'deki makroekonomik
biiyiime tahminlerini, geleneksel en kiigiik kareler tabanli yontemler yerine makine 6grenimi
teknikleri kullanarak analiz etmislerdir. Calismada, RF, Gradyan Destekli Agaclar ve Destek
Vektor Makineleri gibi makine 6grenimi algoritmalart kullanilmistir. Sonuglar, makine 6grenimi
yontemlerinin geleneksel modellerden %30 daha diisiik tahmin hatas1 verdigini gdstermistir.
Ozellikle ekonomik biiyiimede biiyiik dalgalanmalarin yasandigi dénemlerde bu yontemlerin
daha iyi performans sergiledigi ortaya konmustur. Aras ve Lisboa (2022), 2007:01-2021:08
doneminde Tiirkiye'deki enflasyon tahminlerini makine 6grenimi ve ekonometrik yontemler
kullanarak analiz etmislerdir. Caligmada, Ridge, Lasso, RF, XGBoost gibi makine 6grenimi
algoritmalar ile VAR gibi geleneksel ekonometrik modeller karsilastirilmistir. Sonuglar, RF ve
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XGBoost modellerinin tahmin dogrulugu agisindan diger yontemlere gore iistiin performans
sergiledigini gostermistir. Ayrica, tahminlerde Shapley degerleri kullanilarak, degiskenlerin
etkilerini agiklayici bir modelleme sunulmustur. Ivascu (2023), 2000:01-2020:08 déneminde
Romanya'daki enflasyonu tahmin etmek i¢in makine 6grenimi modellerini kullanarak analiz
yapmigtir. Calismada, Destek Vektor Regresyonu, Sinir Aglari, LSTM, RF, XGBoost ve Hafif
Gradyan Artirma Makinesi (LightGBM) gibi popiiler makine 6grenimi algoritmalar tek
degiskenli ve ¢ok degiskenli analizlerde test edilmistir. Sonuglar, verinin az oldugu ortamlarda
bu yontemlerin basit otoregresif modelleri gegemedigini gostermistir.

Sonug olarak, literatiirde hem Tiirkiye'de hem de uluslararasi diizeyde enflasyon tahmini
iizerine yapilan ¢alismalar, cesitli model ve yaklasimlarin etkinligini ortaya koymakta ve bu
alanda yapilacak yeni c¢aligmalarin hem geleneksel yontemlerle hem de modern makine
O0grenmesi yaklagimlariyla karsilagtirmali olarak ele alinmasinin 6nemli katkilar saglayacagini
gostermektedir.

3. Veri Seti ve Metodoloji
3.1. Veri Seti

Enflasyon, talep enflasyonu, maliyet enflasyonu ve yapisal enflasyon olarak kategorize
edilebilecek cesitli faktorlerden etkilenen karmasik bir makroekonomik olgudur. Enflasyonu
kapsamli bir sekilde anlamak igin para arzi, faiz oranlari, doviz kurlar1 ve ekonomik biiyiime
gostergeleri gibi makroekonomik verilerin analiz edilmesi gerekmektedir. Enflasyonun baslica
belirleyicilerinden biri olan para arzi, enflasyon oranlar iizerinde énemli bir etkiye sahiptir.
Aragtirmalar, para arzindaki artisin enflasyon oranlarini yiikselttigini, ¢linkii dolasimdaki para
miktarinin artmasinin mal ve hizmetlere olan talebi artirarak fiyatlar1 yukari c¢ektigini
gostermektedir. Malezya'da yapilan bir ¢aligmada, toplam para arzinin enflasyon oranlari
iizerinde dnemli ve pozitif bir etkiye sahip oldugu vurgulanmis ve bu durum, para politikasinin
enflasyon kontroliindeki kritik roliinii 6ne ¢ikarmustir (Yusof vd., 2021). Benzer sekilde,
Endonezya'da yapilan bir arastirma, para arzinin enflasyonu pozitif ve anlamli bir sekilde
etkiledigini bulmus ve bu bulgu, enflasyonist egilimleri anlamada parasal faktdrlerin 6nemini
pekistirmistir (Jumhur vd., 2018). Tiirkiye’de yapilan baska bir ¢aligmada, kisa ve uzun vadede
para arzi ile enflasyon arasinda anlamli iligkiler tespit edilmistir (Tursoy ve Mar’i, 2020). Benzer
sekilde, Pakistan ve Endonezya'da yapilan arastirmalar da para arzinin enflasyonun baglica
belirleyicisi oldugunu ortaya koymustur (Kemal, 2022; Honor¢, 2018).

Faiz oranlar da enflasyon iizerinde belirleyici bir rol oynamaktadir. Yiiksek faiz oranlari
genellikle bor¢lanmayi1 ve harcamayi caydirarak enflasyonun diismesine neden olabilirken, diisiik
faiz oranlar1 ekonomik faaliyetleri tesvik ederek enflasyonu artirabilir. Faiz oranlar1 ve enflasyon
arasindaki iligkiyi Taylor Kurali belirlemektedir. Taylor Kurali, merkez bankalarinin enflasyon
ve diger ekonomik kosullar1 hesaba katmak icin faiz oranlarini nasil degistirmesi gerektigini
onermektedir (Berument ve Tas¢i, 2004; Yazgan ve Yilmazkuday, 2007; Kose vd., 2012).

Doviz kurlari, enflasyonu etkileyen bir diger kritik faktordiir. Yerel para biriminin deger
kaybetmesi, ithalat fiyatlarinin artmasina ve bu durumun da enflasyona katkida bulunmasina yol
acabilmektedir. Literatiirde bu durum déviz kurundan fiyatlara gegiskenlik olarak bilinmektedir
(Kara vd., 2007; Ha vd., 2020). Kamber ve Wong'un (2020) arastirmasi, kiiresel faktorlerin
enflasyonu etkiledigini, ancak doviz kurlar1 gibi yerel faktorlerin de farkli ekonomilerde
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enflasyon oranlarini belirlemede 6nemli bir rol oynadigini 6ne siirmistiir. Son olarak, ekonomik
aktivite, enflasyonla karmasik bir sekilde iligkilidir. Ekonomik aktivite, talep artigina yol agabilir
ve arz bu talebe ayak uyduramazsa fiyatlar artabilir. Yilmaz’in (2023) ABD'deki enflasyon
lizerine yaptig1 arastirma, Ozellikle talep genislemesi baglaminda ekonomik aktivitenin
enflasyonu etkileyen 6nemli bir faktér oldugunu gostermektedir.

Sonug olarak literatiir incelendiginde, enflasyonun, para arzi, faiz orani, doviz kurlari ve
ekonomik aktiviteden etkilendigi goriilmektedir. Bu ¢alismada 1994:01-2024:06 doénemi igin
aylik frekansta tiiketici fiyat endeksi (2015=100), belirleyicileri olarak sanayi iiretim endeksi
(2015=100) (ekonomik aktivite gostergesi olarak), déviz kuru ve faiz oran1 (TCMB gecelik borg
verme faiz orani1) verileri kullanilmistir. Veriler, Tiirkiye Cumhuriyet Merkez Bankasi (TCMB)
Elektronik Veri Dagitim Sistemi’nden alinmistir. Sanayi tiretim endeksi (2015=100), Tramo-
Seats yontemi kullanilarak mevsimsellikten arindirilmistir. Doviz kuru verileri, 1999 6ncesinde
ABD dolar1 ve Alman marki, 1999 sonrasinda ise dolar ve avro iizerinden olusturulmustur. 1999
sonrast donem ig¢in, avro ve dolar kurlarmin Tiirk lirast karsiliklarinin ortalamasi alinarak
hesaplanirken, 1994-1999 dénemi igin avro ile Alman mark (DM) arasindaki resmi doniisiim
orani kullanilarak (d6viz kuru 0.5 USD + 0.974027 DM seklinde) hesaplanmistir (Berument vd.,
2014).

Calismanin literatiire 6nemli katkisi kriz dénemlerinin 6ngoriisiinde XGBoost yonteminin
basarisinin tespit edilmesi oldugu i¢in 1990-2024 arasi Tiirkiye’de gergeklesen kriz donemlerinin
belirlenmesi gerekmektedir. Bu kriz donemleri, 1994 ekonomik krizi, 2001 finansal krizi, 2008
kiiresel finansal krizi ve 2018 ddviz krizi olarak belirlenmistir. Ayrica 2021 yilinin bagindan
itibaren TCMB tarafindan baslanan faiz indirimlerinden sonra olusan yiiksek enflasyon donemi
de ele alinmistir. Grafik 1°’de 1990-2024 arasinda aylik enflasyonun degisimi ve segili kriz
donemleri verilmistir.
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Grafik 1. Tarihsel Enflasyon Verileri ve Segcili Donemler

Grafik 1’de kirmiz1 ile gosterilen bolgeler XGBoost ve ARMA modelinin
performanslarinin test edilecegi bolgeleri gostermektedir. Ayrica Tablo 1’de bu donemler agikca
verilmistir.
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Tablo 1. Secili Donemler

Tarih Enflasyon Tarih Enflasyon Tarih Enflasyon
01.04.1994 23.38 01.09.2001 5.89 01.12.2018 -0.4
01.05.1994 8.25 01.10.2001 6.07 01.01.2019 1.06
01.06.1994 1.96 01.01.2010 1.85 01.02.2019 0.16
01.07.1994 3.13 01.02.2010 1.45 01.03.2019 1.03
01.08.1994 2.84 01.03.2010 0.58 01.12.2021 13.58
01.09.1994 6.19 01.04.2010 0.6 01.01.2022 111
01.10.1994 7.26 01.05.2010 -0.36 01.02.2022 4.81
01.04.2001 10.33 01.06.2010 -0.56 01.03.2022 5.46
01.05.2001 5.05 01.07.2010 -0.48 01.04.2022 7.25
01.06.2001 3.13 01.09.2018 6.3 01.05.2022 2.98
01.07.2001 2.39 01.10.2018 2.67 01.06.2022 4.95
01.08.2001 2.94 01.11.2018 -1.44

3.2. Metodoloji

XGBoost algoritmasi, 2016 yilinda Chen ve Guestrin (2016) tarafindan olusturulan bir
Gradient Boosting (gradyan artirma) yontemidir. Cesitli veri madenciligi senaryolarinda ve
algoritma yarigmalarinda yaygin olarak kullanilmaktadir. Algoritmanin temel avantajlart
hassasiyet, esneklik ve eksik degerlerin otomatik olarak islenmesidir. XGBoost algoritmasini
anlamak icin 6ncelikle gradyan artirma yontemi agiklanmustir.

Gradyan artirma, zayif tahmin modellerinin bir araya getirilmesiyle olusturulan dogrusal
eklemeli bir modeldir. Nihai model Fy,'yi elde etmek igin siireg, M adimda gergeklestirilmektedir.
Her adimda yeni bir temel model h,,,;(x) egitilmektedir. Ardindan egitilen model, 6nceki
modelin tahmin hatalarina dayanan artik degerleri y — F,, ile optimize edilmektedir. Bu yontem,
yeni modellerin tahmin hatalarini azaltarak, topluluk modeli olan F, 'yi giiglendirerek daha dogru
bir tahmin elde edilmesine olanak saglamaktadir (Friedman, 2001).

Fng1 = Ep + hypg1 (%) 1)

Burada, asil amag¢ h,,,1(x) = Fp4q — Fy'nin nasil bulunacagmin hesaplanmasina
doniismektedir. Genellikle, temel model h,,,;(x)’i 6grenmek igin artik deger olarak, amag
fonksiyonunun negatif gradyani kullanilmaktadir. XGBoost, birden fazla zayif simiflandiriciy
dogrusal bir sekilde giiclii bir siniflandiricida birlestiren bir Gradient Boosting uygulamasidir.
XGBoost, temel siiflandiricilar olarak hem siniflama ve regresyon agaclart (CART) hem de
dogrusal siniflandiricilart desteklemektedir. Maliyet fonksiyonu tizerinde ikinci dereceden Taylor
genisletmesi gerceklestirerek daha bol bilgi ifade etmektedir. Calisma hizi agisindan, XGBoost
boliinme noktalarinin paralel se¢imini desteklemektedir. Bu sayede model egitimi ¢ok daha az
zamana mal olmaktadir. XGBoost'un ana fikri, farkli agirliklara sahip zayif agacglar stirekli
olarak kiimeye eklemektir. Kiimedeki agaglar bir dnceki tahminin artiklarina miimkiin oldugunca
yaklagmalidir, bu da (2) numarali esitlikteki gibi ifade edilmektedir:

K
9i= ) fulx) feeF @
k=1

Burada y; tahmin edilen deger, F tiim regresyon agaclarini igeren kiime, f; regresyon
agaclarindan biri ve K regresyon agact sayisidir. Tahmin edilen deger ¥;'nin ger¢ek deger y;'ye
miimkiin oldugunca yakin olmasi ve bu arada genelleme yetenegini kaybetmemesi
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beklenmektedir. Amag fonksiyonu (Obj)'yi hesaplamak i¢in kullanilan formiil (3) numarali
esitlikte verilmistir:
n

t
0bj® = z l(yl,le(t) +Z Q(f,) + sabit ©)
i=1

i=1
Burada, [ (yl, pt )) tahmin edilen deger ile gercek deger arasindaki farki temsil eden kayip

fonksiyonudur. ikinci dereceden tiiretilebilen herhangi bir kayip fonksiyonu olabilir. Q(f;),
modelin karmagikligini tanimlayan diizenlilestirme terimidir. Q(f;) degeri ne kadar kiigiik olursa,
karmasiklik o kadar diisiik ve genelleme yetenegi o kadar giiclii olmaktadir.

Q(f) = yT+%A Il w Il (4)

Burada T yaprak diigiimlerinin sayisi ve W yaprak diigiimleri tarafindan temsil edilen
skordur. XGBoost yontemi, gradyan artirma siirecinde kayip fonksiyonunu genisletmek i¢in
ikinci dereceden Taylor agilimini kullanmaktadir. Nihai amag¢ fonksiyonu (5)-(12) numaralari
denklemlerde verilmistir:

n

1
0bj® = 3" [gifi ) + 5 hef 2 x| + AR )
i=1
n T
r 1 2 1 2
— Z giwq(xi) + Ehiwq(xl,):l + ]/T + /152 Wj (6)
=1 J=1
o
:Z gi w,+— Zh” wit [+ ()
j=1 | lEI] lEI]
9i = y(t 1)l( A(t 1) vhi = a;(t_l)l (y“y\l(t 1)) ©)
= 1
0bj® = 3" [gifiCe) + 5 hef2 x| + AR ©)
i=1
n T
i 1 2 1 2
= Z giWa(e) + ghiwq(xi)] T AEZ Wi o
=1 Jj=1
| 1
=z Zgi Wi+ Zhﬁ'l wit| 9T (1)
j=1 | iEI]' iEIj
gi = 0yl (}’u 9 1)) hy = 05-nl (yl'yl(t 1)) (12)

Burada g; ve h; hata fonksiyonundaki her bir veri noktasinin birinci dereceden tiirevi ve
ikinci dereceden tiirevidir ve I; her bir j yaprak diigiimiindeki drneklerin indeks kiimesidir.

li={ilq(x) =} (13)
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Verilen q(x;) i¢in wj'nin tiirevini 0'a esit alarak j yaprak diigiimiiniin en iyi agirhg w;" elde
edilebilir.
Yier; i
L (14)
el 't

Optimum deger (15) numarali esitlikte hesaplanmaktadlr:

LO(q) =

Z (ZleIR gl Cier 907 (15)

ZLEIR h + 1 ZLEI h +/1

4. Bulgular

Ongorii calismalarinda tahmin edilen modelin asir1 §grenme (overfitting) yapmamast igin
genellikle veri setleri 6grenme ve test verisi olarak iki parcaya ayrilir. Bu ¢alismada tiim veri
setinin %75" (310 gozlem) model tahmini igin, kalan %25' (103 gozlem) ise tahmin edilen
modelin uyumu i¢in test verisi olarak kullanilmaktadir. 1990:02- 2015:11 arasi egitim veri seti,
2015:12 - 2024:06 arasi ise test veri setidir. Bununla birlikte calismada XGBoost yonteminin kriz
donemlerindeki basarisini belirlemek amacryla farklr alt donemler ele alinmistir. Bu alt donemler
Tablo 2’de verilmistir. Ongérii performansinin degerlendirilmesinde literatiirde farkli lgiitler
kullanilmaktadir. Ortalama Hatanin Karekdkii (RMSE) yaygin ancak 6lcege bagl bir oOlciittiir
ancak farkli degiskenlere veya frekanslara sahip modelleri karsilastirmak i¢in uygun degildir. Bu
calismada, farkli veri kiimeleri i¢in daha iyi olan Simetrik Ortalama Mutlak Yiizde Hata (sSMAPE)
ve Ortalama Mutlak Olgekli Hata (MASE) 6lgiitleri kullanilmistir. sSMAPE, 6lgekten bagimsizlig
ve yorumlanabilirligi nedeniyle siklikla kullanilirken, MASE, sMAPE kullanimindan
kaynaklanan potansiyel sorunlar1 azaltmaktadir. lgili formiiller denklem (16) ve (17)'de yer

almaktadir.
SMAPE = M x 100 (16)
h |Yt| + |Yt|
1 h vy, -7,
MASE = Zioy [%— 7 (17)

Zt =m+1 |Yt Yt—ml

Burada, g donem dis1 tahminlerin miktarini, m veri sikligin1 ve n toplam goézlem sayisini
ifade etmektedir. Cok sayida arastirmaci, sadece SMAPE ve MASE kullanmak yerine Gdoreceli
MASE (ReIMASE) ve Goreceli sSMAPE (ReIMAPE) gibi 'goreceli' 6lgiitlerin kullanilmasini
tavsiye etmistir (Ahlburg, 1992; Fildes, 1992; Hyndman ve Koehler, 2006). Literatiirde
performans 06l¢iitti olarak genellikle rastgele yiiriiyis siireci kullanilmaktadir (Pesaran vd., 2009;
Makridakis vd., 2020). Performans olgiitii olarak Rastgele Yiiriiylis Modeli segildikten sonra
goreli Olciitler, RelsMAPE = sMAPE /sMAPERy, ve RelMASE = MASE /MASEgy, formiiliiyle
hesaplanmaktadir. Goreceli metriklerin hesaplanmasmin ardindan agirlikli ortalama alinarak
Genel Agirlikli Ortalama (OWA) kriteri elde edilmektedir.

Calismanin temel amac1 XGBoost yonteminin enflasyon dngdriisiindeki performansini
incelemektir. XGBoost yontemi, temelinde bir karar agaglar algoritmasi kullanarak, enflasyon
ongoriisiinde etkin bir yontem olarak uygulanmistir. Bu ¢aligmada, para arz1 (M2), sanayi iiretim
endeksi (2015=100), doviz kuru ve faiz orani gibi makroekonomik gostergeler, modelin girdi
degiskenleri olarak entegre edilmistir. XGBoost, bu degiskenler arasinda karmasik iliskileri
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Ogrenip, her bir karar agacini sirayla olusturarak hatalari minimize etmek amaciyla modellemeyi
optimize etmektedir. Her yeni karar agaci, 6nceki agaglarin hatalarini diizeltmek i¢in egitilmis ve
modelin dogrulugu bu sekilde arttirilmistir. Bununla birlikte XGBoost yonteminin basarisini
karsilastirmak amaciyla ARMA modeli kullanilmistir. ARMA modelleri zaman serileri
analizinde kullanilan en temel modellerden birisidir. Enflasyon i¢in en uygun model ARMA(1,1)
cikmistir. Son olarak XGBoost yontemine farkli bir bakis agisi ile ARMA modelinden gelen 1
gecikme bilgisi eklenmistir. Diger bir ifadeyle girdi degiskenleri olarak sanayi tiretim endeksi
(2015=100), doviz kuru, para arzi (M2) ve faiz oraninin anlik degerlerine ek olarak bunlarin ve
enflasyonun 1 gecikmeli degerleri de model dahil edilmigtir. Bu model XGBoost (Gecikmeli)
olarak adlandirilmistir. Tablo 2°de farklt donemler icin bahsedilen modellerin 6ngorii
performanslaria iliskin sonuglar verilmistir. Faiz hari¢ tim degiskenlerin logaritmik farki
kullanilmistir. Faiz serisinin ise yalnizca farki alinmistir.

Tablo 2. Farkh Dénemler i¢cin Modellerin Ongﬁrii Performanslaria iliskin Sonuclar
XGBoost

Donemler ARMA(1,1) XGBoost . . RW
Gecikmeli
MAPE 0.60 0.54 0.80 0.78
RealMAPE 0.77 0.70 1.03 1.00
1990:01-1994:10 SMAPE 61.15 71.65 73.67 63.73
(n=57) RealsMAPE 0.96 1.12 1.16 1.00
OWA 0.87 0.91 1.09 1.00
Bagar1 Yiizdesi 13.30 8.87 -9.28 0.00
MAPE 0.43 0.72 0.30 0.45
RealMAPE 0.95 1.59 0.66 1.00
1990:01-2001:10 SMAPE 38.04 51.80 26.60 61.45
(n=141) RealsMAPE 0.62 0.84 0.43 1.00
OWA 0.79 1.22 0.55 1.00
Basar1 Yiizdesi 21.47 -21.78 45.31 0.00
MAPE 3.82 211 1.64 2.10
RealMAPE 1.82 1.00 0.78 1.00
1990:01-2010:07 SMAPE 125.87 121.39 126.23 164.05
(n=246) RealsMAPE 0.77 0.74 0.77 1.00
OWA 1.29 0.87 0.78 1.00
Basar1 Yiizdesi -29.49 12.79 22.31 0.00
MAPE 2.38 1.53 1.42 3.59
RealMAPE 0.66 0.43 0.40 1.00
1990:01-2019:03 SMAPE 127.98 96.51 111.76 133.86
(n=350) RealsMAPE 0.96 0.72 0.83 1.00
OWA 0.81 0.57 0.62 1.00
Bagar1 Yiizdesi 19.06 42.59 38.49 0.00
MAPE 0.39 0.72 0.43 0.66
RealMAPE 0.60 1.10 0.66 1.00
1990:01-2022:06 SMAPE 94.65 121.16 43.90 98.97
(n=389) RealsMAPE 0.96 1.22 0.44 1.00
OWA 0.78 1.16 0.55 1.00
Basar1 Yiizdesi 22.24 -16.00 45.07 0.00
MAPE 2.13 3.59 2.25 2.02
RealMAPE 1.06 1.78 112 1.00
(?ﬁigleﬂiiggl SMAPE 70.57 78.86 60.95 120.93
n=413) RealsMAPE 0.58 0.65 0.50 1.00
OWA 0.82 1.22 0.81 1.00
Bagar1 Yiizdesi 17.94 -21.76 18.97 0.00
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Tablo 2 incelendiginde, 1990:01-1994:10 doneminde ARMA(1,1) yontemi %13.3 basari
oraniyla en yiiksek performansi gosterirken, XGBoost %8.87 ile onun gerisinde kalmistir.
Gecikmeli XGBoost ise negatif bir basar1 oraniyla (-%9.28) en diisiik performansi sergilemistir.
Bu bulgu, Stock ve Watson (2007) tarafindan basit tek degiskenli modellerin, bazi1 donemlerde
cok degiskenli modellere kiyasla daha yiiksek dogruluk saglayabilecegi bulgulariyla uyumludur.
XGBoost’un performans diisiikliigii, sinirli veri gozlemlerine sahip bu donemde karmasik
yapisinin etkin calisamamasindan kaynaklanmig olabilir. 1990:01- 2001:10 déneminde ise
Gecikmeli XGBoost %45.31 ile acgik ara en bagarili yontem olmustur. ARMA(1,1) %21.47 ile
daha makul bir basar1 gosterirken, XGBoost negatif bir basari oraniyla (-%21.78) en kotii
performansi1 gostermistir. 1990:01- 2010:07 doneminde, Gecikmeli XGBoost %22.31 ile yine en
basaril1 yontem olurken, XGBoost %12.79 ile ortalama bir basar1 gostermistir. ARMA(1,1) ise
bu donemde negatif bir basar1 oran1 (-%29.49) ile en diisiik performansi sergilemistir. 1990:01-
2019:03 donemine bakildiginda, XGBoost %42.59 basar1 oramiyla en yiiksek performansa
sahiptir. Ancak, Gecikmeli XGBoost %38.49 ile ona ¢ok yakin bir basar1 gostermistir.
ARMAC(1,1) ise %19.06 basar1 oraniyla daha diisikk bir performans sergilemistir. 1990:01-
2022:06 doneminde yine Gecikmeli XGBoost %45.07 ile en yliksek bagar1 oranina sahipken,
ARMAC(1,1) %22.24 ile orta seviyede bir basar1 gdstermistir. XGBoost ise -%16 basari oraniyla
en disiik performansit goéstermistir. Tim veri donemi olan 1990:01- 2024:06 doneminde
Gecikmeli XGBoost %18.97 basar1 orani ile en bagarili yontem olmustur. ARMA(1,1) %17.94
ile ¢ok yakin bir performans gostermistir. Ancak XGBoost yine negatif bir bagari orani (-%21.76)
ile en diisiik performansi gostermistir. Gecikmeli X GBoost’un iistiin performansi, 6zellikle biiyiik
veri setlerinde ve kriz donemlerinde zaman serisi igindeki i¢sel bagimliliklari yakalama
kabiliyetinden kaynaklanmaktadir. Bu bulgu, Koop (2013) ve Faust ve Wright (2013)
calismalarinda ileri siiriilen, dogrusal olmayan modellerin daha karmasik veri setlerinde daha
basarili sonuglar verdigi bulgulariyla uyumludur. Ayrica Nakamura (2005) ve McAdam ve
McNelis (2005) calismalari, dogrusal olmayan modellerin dogrusal modellere kiyasla daha iyi
sonuglar verdigini gosterirken, Ozgiir ve Akkog (2022) calismasinda, yiiksek oynaklik
donemlerinde makine 6grenimi modellerinin {istiin performans gosterdigini belirtmistir.

Kriz dénemlerinde genel olarak Gecikmeli XGBoost, 6zellikle uzun veri donemine sahip
kriz donemlerinde (%45.31 ile 1990:01- 2001:10 ve %45.07 ile 1990:01- 2022:06) en yiiksek
basar1 oranlarina ulasarak oldukca basarili sonuclar vermistir. XGBoost ise bazi donemlerde
(%42.59 ile 1990:01- 2019:03) basarili olsa da, diger donemlerde diisiik ve hatta negatif basari
oranlari ile etkisiz kalmistir. Bu nedenle kriz donemlerinde Gecikmeli XGBoost yontemi, genel
olarak daha istikrarli ve basarili bir 6ngorii araci olarak 6ne g¢ikmaktadir. Bu bulgu, Ogunc vd.
(2013) calismasindaki tahmin modellerinin kriz donemlerinde daha iyi sonuglar verdigi
bulgulartyla uyumlu goriinmektedir. Ancak, yalnizca 1990:01-1994:10 doneminde ARMA
modelinin performanst XGBoost ve Gecikmeli XGBoost’a gore daha iyi ¢ikmistir. XGBoost,
biiyiikk ve karmasik veri setleri iizerinde giiglii performans gdsteren bir makine 6grenme
algoritmasidir. Ancak, bu donemde kullanilan gozlem sayisinin sinirli olmasi, XGBoost un
potansiyel performansini ortaya koymasini zorlagtirmistir. Ivascu (2023) verinin az oldugu
ortamlarda makine Ogrenmesi algoritmalarinin basit otoregresif modelleri gecemedigini
belirtmistir. Nitekim genel olarak elde edilen sonuglar bu bulguyla paralellik gostermektedir.
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5. Sonuc¢

Bu calisma, 1990-2024 tarihleri arasinda Tiirkiye'deki enflasyon dngoriisiinde XGBoost ve
ARMA modellerinin performansim karsilagtirarak, kriz dénemlerinde bu yontemlerin etkinligini
degerlendirmeyi amagclamaktadir. Ozellikle Tiirkiye'nin yasadigi ekonomik kriz ve sok
donemlerinde (1994 krizi, 2001 finansal krizi, 2008 kiiresel finansal kriz, 2018 déviz krizi) her
iki yontemin tahmin dogrulugu incelenmistir. Calisgmada XGBoost, karar agaglar1 algoritmasina
dayal1 bir makine 6grenme yontemi olarak, sanayi tiretim endeksi, doviz kuru, para arzi (M2) ve
faiz oran1 gibi makroekonomik gostergeleri kullanarak enflasyon ongoriisiinde uygulanmustir.
Ayrica, gecikmeli verilerin modele dahil edildigi "Gecikmeli XGBoost" yontemi de performans
degerlendirmelerine eklenmistir.

Bulgular, Gecikmeli XGBoost yonteminin gozlem sayisinin fazla oldugu kriz
donemlerinde yiiksek basar1 oranlari ile 6ne ¢iktigini gdstermektedir. Ozellikle 1990:01- 2001:10
ve 1990:01 - 2022:06 donemlerinde Gecikmeli XGBoost, diger yontemlere kiyasla daha yiiksek
dogrulukta sonuglar tiretmistir. Bununla birlikte, az sayida gozleme sahip 1990:01 -1994:10
doneminde ARMA modeli, XGBoost ve Gecikmeli XGBoost’a gore daha iyi performans
sergilemistir. Bu durum, XGBoost un kii¢iik veri setlerinde potansiyel performansini tam olarak
ortaya koyamadigini, ancak biiyiik veri setleri iizerinde daha etkin oldugunu isaret etmektedir.
Ayrica, calismada Gecikmeli XGBoost modelinin XGBoost’tan daha iyi performans gdstermesi,
enflasyon ongoriisiinde gecikmeli degerlerin eklenmesinin énemli oldugunu ortaya koymaktadir.
ARMA modelinden elde edilen gecikme bilgisinin XGBoost’a dahil edilmesi, XGBoost un
performansin1 dnemli Olgiide artirmustir. Bu bulgu, enflasyon tahminlerinde XGBoost yontemi
kullanilmasinda sadece bagimsiz degiskenlerin anlik degerlerinin degil, ayn1 zamanda gecikmeli
degerlerinin de onemli bir agiklayici unsur oldugunu vurgulamaktadir. Gecikmeli XGBoost
modelinin bu kadar basarili olmasinin nedeni, zaman serisi verilerindeki bu i¢sel bagimliliklarin
dikkate alinmasidir.

Genel olarak, ¢aligmada kriz donemlerinde dogru enflasyon dngdriisii yapilabilmesi i¢in
kullanilan modelin veri seti biiyiikliigii ve yapisina duyarliligini gostermektedir. Gecikmeli
XGBoost, uzun vadeli ve biiyiik veri setlerinde istlin performans sergilerken, ARMA modeli daha
siirlt veri setlerinde One g¢ikmaktadir. Bu bulgular, gelecekte yapilacak enflasyon tahmin
calismalarinda model sec¢iminde dikkat edilmesi gereken noktalar {izerine 6nemli ipuglari
sunmaktadir. Ozellikle, zaman serisi dinamiklerinin dikkate almdig1 modellerin daha giivenilir
tahminler sundugu, bu ¢alismayla ortaya koyulmustur. Elde edilen bulgular 1s18inda, enflasyon
ongoriilerinin daha etkin yapilabilmesi i¢in politika yapicilarin kriz ve sok donemlerinde makine
ogrenmesi tekniklerinden faydalanmalari onerilmektedir. Ozellikle Gecikmeli XGBoost gibi
zaman serisi dinamiklerini dikkate alan modellerin, merkez bankalar1 ve ekonomik karar alicilar
tarafindan enflasyon Ongoriisii ve para politikalarinin sekillendirilmesinde kullanilmasinin,
ekonomik istikrar1 saglama noktasinda faydali olacagi diistiniilmektedir.

Arastirmacilarin Katki Oram1 Beyam
Yazarlar makaleye esit oranda katki saglamis olduklarini beyan eder.

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

Arastirmacilarin Cikar Catismasi Beyani
Bu ¢aligmada herhangi bir potansiyel ¢ikar catismast bulunmamaktadir.
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S. Gayaker “Tiirkiye'de Ekonomik Soklar ve Krizler Baglaminda Enflasyon Ongériisii: XGBOOST ve
ARMA Y ontemlerinin Karsilastirmasi”

INFLATION FORECASTING IN THE CONTEXT OF ECONOMIC SHOCKS
AND CRISES IN TURKIYE: COMPARISON OF XGBOOST AND ARMA
METHODS

EXTENDED SUMMARY

Objective

This study examines the performance of XGBoost, a machine learning algorithm, and the
traditional ARMA (AutoRegressive Moving Average) model in forecasting inflation in Tiirkiye
during periods of economic shocks and crises. Given Tiirkiye’s frequent exposure to economic
crises (e.g., the 1994 economic crisis, the 2001 financial crisis, the 2008 global financial crisis,
and the 2018 currency crisis), accurate inflation forecasting is critical for economic stability and
policy formulation.

Literature Review

Existing literature extensively covers the use of traditional econometric models like ARMA
and advanced machine learning techniques such as XGBoost for inflation forecasting. Time-series
models, especially ARMA, have been widely used for forecasting macroeconomic indicators due
to their ability to model linear patterns. However, recent studies show that machine learning
models, particularly XGBoost, offer superior predictive capabilities in complex datasets,
especially for nonlinear relationships. Furthermore, hybrid models combining machine learning
algorithms with traditional methods are increasingly being employed to enhance forecasting
accuracy during volatile periods (Akbulut, 2022; Aras and Lisboa, 2022).

Methodology

The dataset spans the period from January 1990 to June 2024. It includes macroeconomic
indicators such as the Consumer Price Index (CPI), exchange rates, money supply (M2), and
interest rates, all used as explanatory variables. The XGBoost model was applied to forecast
inflation, using these variables as input. Additionally, a variant of the XGBoost model with lagged
variables ("Lagged XGBoost™) was implemented to assess its predictive strength. As a traditional
econometric approach, the ARMA model was also applied for comparison. The study focuses on
crisis periods and the entire sample period to evaluate model performance across different time
horizons.

Findings

The results indicate that XGBoost outperforms ARMA during crisis periods, particularly
when the dataset is large. Including lagged variables in the XGBoost model further improves
predictive accuracy, demonstrating that the inflation forecast benefits significantly from
incorporating time-series dynamics. For example, between 1990-2001 and 1990-2022, Lagged
XGBoost showed superior forecasting accuracy compared to ARMA and the standard XGBoost
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model. However, ARMA proved more effective in shorter time spans or when the dataset is
smaller, suggesting that XGBoost’s potential is best realized with larger, more complex datasets.

Conclusion

This study demonstrates that XGBoost, particularly when augmented with lagged
variables, is highly effective in forecasting inflation during periods of economic volatility in
Tirkiye. However, traditional models like ARMA remain relevant for smaller datasets and shorter
forecasting horizons. These findings highlight the importance of considering both traditional
econometric models and modern machine learning techniques for inflation forecasting,
particularly in economies like Tiirkiye, which experience frequent economic shocks.

Policy Implications

From a policy perspective, it is recommended that decision-makers, including central
banks, utilize machine learning models like XGBoost, especially during periods of economic
uncertainty. Given their ability to capture complex patterns and dynamics, these models can
support more accurate inflation forecasts, thus aiding in formulating more effective monetary
policies. Policymakers should also consider hybrid models that integrate traditional time-series
features to improve the robustness of economic forecasts.
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Sena BASAR™ " & Nurgiin TOPALLI™
Oz
Glinlimiizde dijitallesmenin yasam kalitesini artirarak toplumlarin refahim

yiikselttigi kabul edilmektedir. Ancak dijitallesme ve kalkinma iliskisinin tiim
iilkeler icin benzer olup olmadigi tartisiimaktadir. Ozellikle dogal kaynak
bakimindan zengin olan iilkeler a¢isindan dogal kaynak lanetinin gecerli olup
olmadigi, dijitallesme ve kalkinma kapsaminda, dnemini korumaktadir. Caligmada
tilkeler ikiye ayrilarak incelenmistir. Grup 1 iilkeleri Katar, Suudi Arabistan, Kuveyt,
Bahreyn ve Birlesik Arap Emirlikleri’nden olugsmaktadir. Bu iilkeler petrol agisindan
goreceli zengin iilkelerdir. Grup 2 iilkeleri arasinda ise yiiksek kalkinma oranlarina
sahip Norveg, Giiney Kore, Japonya, Isvicre, Amerika Birlesik Devletleri ve
Almanya yer almaktadir. Calismada ilgili ilkelerin 2000-2021 dénemi igin
dijitallesme ve kalkinma iligkisi Konya (2006) nedensellik testi kullanilarak analiz
edilmistir. Caligma sonucunda dijitallesme ve kalkinma arasinda tespit edilen
nedensellik iligkisinin Grup 1 {ilkelerinde Grup 2 iilkelerine gore goreceli olarak
diistik diizeyde oldugu sonucuna ulasilmistir. Dogal kaynak bakimindan zengin olan
Grup 1 iilkelerinde dogal kaynak laneti yaklagimi gegerli iken dijitallesme siirecinden
kalkinmus iilkelerin daha ¢ok olumlu etkilendigi tespit edilmistir.

Abstract

Today, it is accepted that digitalization increases the welfare of societies by
improving the quality of life. However, it is debated whether the relationship between
digitalization and development is similar for all countries. Whether the natural
resource curse is valid, especially for countries rich in natural resources, remains
important within the scope of digitalization and development. In the study, countries
were divided into two groups. Group 1 countries include Qatar, Saudi Arabia,
Kuwait, Bahrain, and the United Arab Emirates. These countries are relatively rich
in terms of oil. Group 2 countries include Norway, South Korea, Japan, Switzerland,
the United States, and Germany, which have high development rates. In the study,
the relationship between digitalization and development of the relevant countries for
the period 2000-2021 was analyzed using the Konya (2006) causality test. As a result
of the study, it was concluded that the causality relationship between digitalization
and development was at a relatively lower level in Group 1 countries than in Group
2 countries. While the natural resource curse approach is valid in Group 1 countries,
which are rich in natural resources, it has been determined that developed countries
are more positively affected by the digitalization process.
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1. Giris

Bilgi ve bilgi teknolojilerinde yasanan gelismeler ekonomileri ve toplumlart etkilemekte
ve degistirmektedir. Toplumlar ilkel toplumdan tarim toplumuna, tarim toplumundan sanayi
toplumuna dogru bir doniisim yasamislardir. Giintimiizdeki toplum bilgi toplumu, ekonomi ise
bilgi ekonomisi olarak adlandirilmaktadir (Unal, 2009). Bilgi ekonomisinin temel 6zelligi temel
tiretim faktorii olarak topragin ve sermayenin yerini bilginin almasidir (Altay Topgu, 2021). Bilgi
ekonomisinde ekonomilerin rekabet¢ci bir yapiya kavusabilmesi ve rekabetgiliklerini
siirdlirebilmesinde hiz, esneklik, yenilik, cesitlilik, dijitallesme anahtar kavramlar haline
gelmistir. Bu ekonomide bilgi ve iletisim teknolojilerinde yasanan hizl gelisim iiretim yapisini,
tiiketim yapisini, hizmet yapisini, istihdam yapisini ve sosyal yasamu etkilemektedir (UNCTAD,
2021; Mahmood, 2023). Dijitallesmenin ekonomi iizerindeki énemli bir etkisinin verimliligi
yiikseltmesi ve maliyetleri azaltmasi sonucu ekonomik biiylimeyi artiracagi yoniindedir (Kurt,
2020; Khan vd., 2015; Yilmaz, 2021). Dijital teknolojilerin kullanimu ile birlikte bireysel tiiketici
zevk ve tercihlerine yonelik Uretim gerceklestirilebilmektedir. Tiketici ¢cok sayida ve cesitli
kalitede mal ve hizmetlere uygun fiyatla ulasabilmektedir. Internet ortaminda daha hizli bir
sekilde gergeklesen islemler hem iiretici hem de tiiketici agisindan zaman tasarrufu saglamaktadir
(Erbay vd., 2018). Dijitallesmenin sagladi kolayliklar insanlarin yasam kalitesini iyilestirmektedir
(Davutoglu, 2020; Kiigiikvardar ve Aslan, 2021). Yasam kalitesindeki yiikselme ise ekonomik
kalkinma ile yakindan iliskilidir.

Ulkelerin ekonomik kalkinmalarinda sahip olduklari iiretim faktérlerinin niceligi ve niteligi
etkili olmaktadir. Uretim siirecinde emek ve sermaye kadar dogal kaynak faktorii de énemini
korumaktadir. Ciinkii dogal kaynak zenginligi ekonomiyi dogrudan ve dolayli olarak
etkilemektedir. Ancak dogal kaynaklarin ekonomi iizerinde olumlu etkileri oldugu gibi bazi
durumlarda zengin dogal kaynaga sahip olmak ilkeler agisindan dezavantajlar
olusturabilmektedir. Zengin dogal kaynaga sahip iilkelerde sermaye birikiminin diger sektorlere
kanalize edilememesi toplumun sosyo-ekonomik agidan gerilemesine neden olabilmektedir
(Ross, 2015; Kartal, 2022). Bu durum literatiirde “dogal kaynak laneti” kavramui ile
aciklanmaktadir (Sahin, 2021). Zengin dogal kaynaklara sahip olmanin iilke refahin1 ve
zenginligini artirip artirmadigi konusu giiniimiizde tartigilan bir konudur. Literatiirde dijitallesme
konusu ile ilgili yapilan ¢alismalarin biiylik bir boliimiinde dijitallesme ve ekonomik biiyiime
iligkisi incelenmistir. Dijitallesme ve ekonomik kalkinma iligkisinin incelendigi ¢alisma ise sinirlt
saytdadir (Torun vd., 2009; David, 2019; Zhang vd., 2021). Bu ¢alismanin ilk amac1 se¢ilmis iilke
orneklerini dikkate alarak dijitallesme ve kalkinma iliskisini test etmektir. Bu ¢aligmanin ikinci
amaci ise zengin dogal kaynaga (petrol kaynaklari) sahip olmanin dijitallesme ve kalkinma
izerinde etkili olup olmadiginin incelenmesidir. Dogal kaynak laneti yaklagimi dijitallesme ve
kalkinma iligkisi kapsaminda ele alinarak literatiire katki saglamak amac¢lanmigtir.

Calisma yeni boliimden olusmaktadir. Ikinci béliimde dijitallesme ve kalkinma ile ilgili
kavramsal cerceveye yer verilmistir. Ugiincii boliimde kalkinmasiz bilyiime, dogal kaynak laneti
ve ampirik literatiir 6zetlenmistir. Dordiincti boliim veri ve yontem, besinci béliim bulgulardan
olusmaktadir. Politika tartigmalarinin yer aldig1 altinct boliimii takiben Sonug boliimiinde elde
edilen bulgular kapsaminda genel bir degerlendirme yapilmistir. Calismada ekonomik kalkinma
gostergesi olarak insani gelisme endeksi, dijitallesme gostergesi olarak sabit telefon abonelikleri
(100 kisi bagina), mobil hiicresel abonelikler (100 kisi basina), internet kullanan bireyler (niifusun
%), sabit genis bant abonelikleri (100 kisi basina) degiskenleri kullanilmistir. Ulkeler iki gruba
ayrilarak analiz edilmistir. Grup 1 {ilkeleri Katar, Suudi Arabistan, Kuveyt, Bahreyn Birlesik,

897




Ekonomi, Politika & Finans Aragtirmalar1 Dergisi, 2024, 9(4): 896-924
Journal of Research in Economics, Politics & Finance, 2024, 9(4): 896-924

Arap Emirlikleri'nden olusmaktadir. Bu iilkeler Petrol Ihra¢ Eden Arap Ulkeleri Orgiitiine
(OAPEC) iiye olan 11 iilkeden 5’idir. Bu iilkeler dogal kaynak bakimindan zengin olup kalkinma
diizeyi goreceli olarak Grup 2 iilkelerine gore diisiik olan iilkeleri igermektedir. Grup 2 iilkeleri
Norveg, Giiney Kore, Japonya, Isvicre, Amerika Birlesik Devletleri (ABD), Almanya’y:
icermektedir. Bu iilkeler kalkinma diizeyi bakimindan yiiksek olan iilkelerdir. Norve¢ ve ABD
dogal kaynak bakimindan zengin iilkeler olmakla birlikte OAPEC’e iiye olmadiklari ve kalkinma
diizeyleri Grup 1 iilkelerine gore daha yiiksek oldugu i¢cin Grup 2 iilkeleri iginde ele alinmistir.
Calismada verilerin elde edilebilirlikleri dikkate alinarak ilgili iilkelerin 2000-2021 dénemi igin
degiskenler arasindaki iliski Konya (2006) nedensellik testi kullanilarak analiz edilmistir.

2. Dijitallesmenin Kavramsal Cercevesi

Teknolojide yasanan gelismelerin geldigi son asama dijitallesme kavrami ile
Ozdeslestirilmektedir (UNCTAD, 2021). Dijital kelimesi "sayisal", dijitallesme “sayisallagtirma"
olarak ifade edilmektedir (Bozkurt vd., 2021). Dijitallesme bilgi ve iletisim teknolojilerinde
yasanan ileri diizey ilerleme olarak kabul edilmektedir (Alptekin, 2020). Kazan tarafindan
dijitallesme “bilgisayar dili” olarak tanimlamaktadir (Kazan, 2017). Dijitallesmenin temelini veri
analitigi, yapay zeka, nesnelerin interneti, bulut bilgi islem gibi veriler olusturmaktadir
(UNCTAD, 2021). Internet, dijital doniisiimiin 5Snemli bir arac1 ve sonucu olmaktadir. letisim
alaninda yasanan geligsmeler, interneti yasamin merkezi haline getirmistir (Goldfarb vd., 2015).
Dijital teknolojiler ekonomileri doniistiirerek, ekonomi ve topluma yayilarak yeni bir ekonomi
olusturmaktadir. Bu ekonominin temel O6zellikleri arasinda akilli, veriye dayali ve 6grenen
ekonomi yer almaktadir (Szeles ve Simionescu, 2020).

Ekonomide dijitallesme kavramu ekonomik faaliyetlerin dijitallesmesi olarak ifade
edilmektedir. Ekonomik faaliyetlerin dijitallesmesi genis anlamda veri ve internetin iiretim
stireclerine ve lirlinlere, hane halki ve devlet tiiketim bicimlerine, sabit sermaye olusumuna, sinir
Otesi sermaye akimlarina ve finansal sisteme dahil edilmesidir (IMF, 2018). Dijitallesmenin
onemli bir etkisi olarak insanin yasam kalitesini artirdig1 kabul edilmektedir. Ozellikle dérdiincii
endiistri devrimi siirecinde dijitallesme kavrami, ekonomik biiylimeden daha ¢ok ekonomik
kalkinmaya dogru kaymustir (Davutoglu, 2020). Sekil 1'de sanayi devrimleri ve ilgili donemlerde
yasanan gelismelere yer verilmistir.

1.Sanayi Devrimi *Su ve buhar giiciiniin iiretimde
(1700'lerin sonu) kullanilmaya baslanmasi

2.Sanayi Devrimi + Uretimde elektirigin kullanilmas1
(1900'lerin bas1) ve seri Uretime gegis

3.Sanayi Devrimi *Bilgisayarin ve otomasyon
(1970'lerin basi) sisteminin hayata girmesi

4.Sanayi Devrimi
(yakin gecmis ve *Dijitallesme ve dijital doniistim
giiniimiiz)

Sekil 1. Sanayi Devrimleri ve Buluslar (Sekil tarafimizca olusturulmustur)
Kaynak: Calapkulu, 2021.
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Dérdiincii endiistri devriminin sunmus oldugu dijital doniisiimiin ve dijitallesmenin yeni
pazarlama tekniklerinde, enerji saglamada, tiretimde akilli robot kullanma gibi tekniklerde, iiretim
kapasitesinde ve verimlilikte iilke ekonomisine onemli katkilar saglayacagi ve milli geliri
artiracagl beklenmektedir (Karakaya, 2021). Dordiincii sanayi devriminde dijitallesmenin
ekonomik boyutlarinin yani sira sosyal boyutlart da dikkate alinmaya baslanmistir.
Dijitallesmenin saglik, egitim, ¢evre, enerji gibi alanlarda insan yasam kalitesini gelistiren
konular ile iliskilendirilmesi dordiincii endiistri devriminin énemli adimlarindan biridir. Diger bir
ifadeyle bu donemde dijital doniisiim ekonomik kalkinma igin bir ara¢ olmustur (Sagbas ve
Giilseren, 2019).

2.1. Dijitallesmenin Ekonomi Uzerine Etkileri

Dijital ekonomi kavrami ilk kez Negroponte’de 1995°te kullanilmustir (Stavytskyy vd.,
2019). Genel olarak dijital ekonomi, “internet {izerinden elektronik ticaret yoluyla mal ve hizmet
ticaretinin saglandigi ve yiiriitiildiigii ekonomi” olarak tanimlanmaktadir (OECD, 2012). Bilgi ve
iletisim teknoloji temelli kaynagini dijitallesmeden alan her tiirlii ekonomik faaliyet dijital
ekonomi olarak kabul edilmektedir. OECD’ye (2015) gore dijital ekonomi “teknolojiyi daha ucuz
ve glicli yapan, is siireclerinin gelistirilmesi ve ayni zamanda ekonomideki tiim sektorlerin
yeniligini destekleyen bilgi ve iletisim teknolojisi ile gelisen degisim siire¢lerinin bir sonucudur”
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(OECD, 2015). Dijital ekonomi kavrami yerine, “bilgi ekonomisi”, “enformasyon ekonomisi”,
“yeni ekonomi”, “ag ekonomisi”, “tekonomi”, “entelektiiel sermaye ekonomisi” gibi kavramlar
da kullanilabilmektedir (Keviik, 2006). Dijital ekonomide emek, sermaye, dogal kaynak,
miitesebbis gibi klasik tiretim faktorlerinin yerini bilgi faktorti almaktadir (Altay Topgu, 2021).
Dijital ekonominin 6zellikleri arasinda kiiresel olmasi, maliyetleri azaltici 6zellige sahip olmast,
girdilerin entelektiiel birikim ve beceriye dayali olmasi, aglara bagli olmasi, bilginin toplumun
merkezi olmasi, piyasalarin dijitallesmesi, alic1 ve satici arasindaki farkin azalmasi gibi unsurlar
yer almaktadir (Odabasi ve Erdal, 2018). Dijital ekonomide telekomiinikasyon, yazilim ve bilgi
teknolojileri, kapsamli dijital servis, platform ekonomisi, paylasim ekonomisi, is ekonomisi, e-
ticaret, 4. endiistri devrimi, hassas tarim, algoritmik ekonomi gibi kavramlar G&nem

gostermektedir (Altay Topgu, 2021).

Dijitallesmenin ekonomi iizerinde maliyetleri azaltma, toplam {iretimi artirma, issizligi
disiirme, dig ticareti gelistirme, rekabet {istiinliigii saglama gibi etkileri mevcuttur (Kurt, 2020).
Uretim ydntemlerindeki gelismeler iiretimde etkinlik ve verimliligi yiikselterek iiretim yapan
isletmelerin karini artirmaktadir. Uretimde etkinliginin artmasi ise iiretim artisina yol acarak
ekonomik biliylimeyi saglamaktadir. Ayni zamanda dijitallesme mal ve hizmetlerin internet
iizerinden pazarlanmasi ve satilmasi gibi imkanlar sunarak toplam iiretimi artirmakta ve
ekonomik biiyiimeyi olumlu etkilemektedir. Ulke igerisinde iiretilen mal ve hizmetlerin internet
sayesinde dis pazarlara agilmasi dis ticaret hacmini genisletmektedir (Yilmaz, 2021).
Dijitallesmenin etkileri en yogun olarak bankacilik, finans hizmetleri, e- ticaret, e-ihracat, egitim,
saglik, iletisim, bilgi ve veriye ulasim gibi alanlarda gozlemlenmektedir (Dikkaya ve Aytekin,
2019; Pakdemirli, 2019). Giinlimiiziin dijitallesen diinyasinda iilkeler arasindaki rekabet
iistiinligii, geleneksel ekonomi anlayisindaki gibi karsilagtirmali veya mutlak istiinliige degil
iilkelerin bilgi tiretimi ve teknolojik ilerlemesine bagli olmaktadir. Bu nedenle dijitallesme ve
dijital doniisiim iilkelerin rekabet giiciinii artirarak ekonomik biiylimeyi ve kalkinmay1 tesvik
etmektedir (Yiksel ve Artar Kibritci, 2022). Ekonomideki dijitallesme diizeyi ne kadar yiiksek
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ise toplumdaki modernlesmenin o kadar fazla olacagi goriisii bir¢ok kesim tarafindan kabul
edilmektedir. Bu nedenle ekonomik birimler caga ayak uydurmak ve modernlesme cabasi
igerisinde dijitallesme yolunda adimlar atmaktadir (Kii¢iikvardar ve Aslan, 2021). Dijitallesme
ile tikketim aligkanliklarinda, ¢alisma ve is yapilarinda meydana gelen degisimler sonucu 6zellikle
gelismis iilkelerde yenilige uyum, bir prestij kaynagi olarak goriilmektedir (Baloglu, 2023).
Dijitallesmenin hiz kazanmasi ile birlikte sosyal ve ekonomik yasamin kalitesinin arttigi
gbzlemlenmistir. Dijital yasamin insan yasamina olumlu katki saglayabilmesi i¢in dijitallesme
siirecine uyum saglamak ve bireylerin yasam kalitesini teknoloji araciligi ile iyilestirmek 6onemli
hale gelmistir (Bozkurt vd., 2021).

3. Teorik ve Ampirik Literatiir
3.1. Kalkinma Kavrami

Tirk Dil Kurumu’nda kalkinma kavrami “durumu diizeltmek, asamali bir bi¢imde
gelismek, ilerlemek ve zengin olmak™ olarak ifade edilmektedir. Sosyal bilimciler tarafindan
kalkinmanin ortak bir taniminda uzlasilamamustir. Kalkinma kavrami en genel olarak “insan
refahim temel alan teorik ve pratik uygulamalarin biitiinii olarak™ ifade edilmektedir (Turhan,
2020). Kalkinma “{iretim ve kisi bagina gelirin artmasiyla birlikte, ekonomik ve sosyo-kiiltiirel
yapinin da degismesi” anlamina gelmektedir (Tolunay ve Akyol, 2006). Geray (1991) tarafindan
kalkinma, “bir iilkenin yapisal niteliklerinin olumlu yonde degisimi” seklinde ifade edilmistir
(aktaran Tolunay ve Akyol, 2006). Kalkinmanin en giincel ve genel tanimlamasi, ekonomik
kosullarla birlikte yasam kalitesindeki ilerlemeye bagl refah artisi olarak degerlendirilmektedir.
Ekonomik kalkinmanin konusunu iiretim kapasitesi, toplumsal doniisiim, yasam kalitesi ve
gelismislik farklar olusturmaktadir. Kalkinma kavrami teorik olarak kullanilmaya baglandig ilk
donemlerde sadece ekonomiye dayali bir olgu olarak tanmimlanirken, zamanla ilgili kavram
ekonomi ile birlikte sosyal, siyasal ve kiiltiirel tanimlar1 ve olgular agiklamada da kullanilmaya
baglanmistir (Dogan, 2011).

3.1.1. Kalkinmasiz Biiyiime Kavram

Kalkinmasiz biiyiime 6zellikle petrol zenginligine sahip iilkelerde goriilen bir durumdur.
Diinyada en 6énemli dogal kaynak petrol olarak bilinmektedir. Petroliin en fazla bulundugu yer
Orta Dogu ve OPEC iilkeleridir. Bu iilkelerin ekonomik biiyiime orani diger bir¢ok iilkeden daha
yiiksektir. Ulkeler arasinda ekonomik biiyiime oram bakimindan ilk 10 arasinda cogunlukla
OPEC iilkeleri gelmektedir. Ancak bu iilkelerde siyasal, yonetimsel, gelir, demokrasi, vergi gibi
konularda yasanan olumsuzluklardan dolayr refah ve kaliteli yasamda sorunlar
gozlemlenmektedir (Kartal, 2022). Petrol bakimimdan zenginlik ilk baslarda énemli bir avantaj
gibi degerlendirilse de bu durum giiniimiizde iilkelerin kalkinmasinin 6niinde bilyiik bir engel
olabilmektedir. Bu iilkelerde ciddi bir otorite boslugunun mevcut olmasi, ortak bir rejim
anlayisimin varligi ve bu rejim anlayisinin yayilma mekanizmasi, demokrasinin éniinde biiyiik bir
engel olarak kalkinmay1 onleyici bir 6zellik gosterebilmektedir (Brooks ve Marcus, 2016).

Dogal kaynak bakimindan zengin olan bu iilkelerde 6zellikle kalkinmada yaganan sorunlar
bu tiilkelerin kalkinmasiz biiyiiyen {ilkeler olarak nitelendirilmesine neden olmaktadir. Ekonomik
biiyiimenin bu {ilkelerin yagsam kalitesini artirmadigi, artirsa bile diger iilkelere kiyasla daha
gecikmeli bir sekilde artirdig1 gézlemlenmektedir. Birgok petrol zengini iilke ekonomik biiylime
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orani bakimindan diinyada ilk siralarda yer almaktadir. Fakat bu petrol zengini iilkelerinin insani
gelisme endeksi gelismis iilkelerin insani gelisme endeksi ile karsilastirildiginda bu {ilkelerdeki
degerin diisiik bir diizeyde oldugu dikkat ¢ekmektedir. Kalkinmasiz biiyiime ile ilgili iilkeler
genellikle dogal kaynak laneti ile iliskilendirilmis tilkeler olarak bilinmektedir (Kartal, 2022).
Kalkinmanin boyutunu 6l¢mek i¢in en yaygin kullanilan endeks Birlesmis Milletler Kalkinma
Programmin (UNDP) gelistirmis oldugu “Insani Gelisme Endeksi’dir. Insani Gelisme
Endeksinin boyut ve gostergeleri Sekilde 2'de 6zetlenmistir.

BOYUT
BOYUTLAR GOSTERGELER ENDEKSI

U zunve - Dogusta beklenen yasamstiresl " ¥A! T
. beklenti endeksi
saglikli yasam
- Beklenen yillar I
Bllgl egitim » Egitim indeksi IGE
[0 Ortalama editim yili Insani Geligme
dizin
Makul

« Kisi basina disen GSMH (SAGP §) = GNI indeksi

bir yasam standardi

Sekil 2. insani Gelisme Endeksinin Boyut ve Gostergeleri
Kaynak: UNDP, 2023.

Calismada analize dahil edilen tilkelerin 2022 yili verilerine gore insani gelisme endeksi
siralamasinda Isvicre birinci, Norveg ikinci, Almanya yedinci, Birlesik Arap Emirlikleri on
yedinci, Giiney Kore on dokuzuncu, ABD yirminci, Japonya yirmi dordiincii, Bahreyn otuz
dordiincii, Katar ve Suudi Arabistan kirkinci, Kuveyt kirk dokuzuncu sirada gelmektedir (UNDP,
2024).

Sanayi devrimleri ile yasanan gelismeler tretimin biiyiik bir boliimiinde teknoloji
faktoriiniin 6nem kazanmasina neden olmustur. Yeni teknolojilerin ve yeni iiretim yontemlerinin
kullanilmasi iilkelerin ekonomik, sosyal ve siyasal yapilarmi etkilemektedir (Gtlinay, 2002).
Tekonolik gelisme siirecinde iilkelerin arastirma ve gelistirmeye (Ar-Ge) yapmis olduklar
harcamalar 6nemli bir gosterge olarak kabul edilmektedir. Analize dahil edilen Grup 1 iilkelerinin
2021 yili verilerine gore Ar-ge harcamalarinin GSYIH igindeki paylar sirasiyla Katar %0,68,
Suudi Arabistan %0,44, Birlesik Arap Emirlikleri %1,49, Kuveyt’in 2022 yili verisi ise
%0,07"dir. Grup 2 iilkelerinin 2021 y1l1 Ar-ge harcamalarimin GSYIH igindeki paylari ise sirasiyla
Norveg icin %1,93, Giiney Kore icin %4,93, Japonya icin %3,29, Isvigre icin %3,35, ABD igin
%3,45 ve Almanya igin %3,14 olarak gerceklesmistir (World Bank, 2024). Grup 1 ve Grup 2
iilkelerinin Ar-ge harcamalarina ayirdiklart paylar dikkate alindiginda kalkinma diizeyi yiiksek
olan Grup 2 iilkelerinin paymnin daha yiiksek oldugu gozlemlenmistir. Bir {ilkenin rekabet
iistiinligiinde etkili olan faktdrlerden bir diger ise katma degeri yiiksek {iriin ihracatidir. Yiiksek
teknoloji endiistri ihracatinin faktoér verimliligini yiikselterek, bilgi yayilimm tesvik ederek,
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firmalarin dis rekabet giiclinii artirarak tiim sektorlerde ekonomik biiylimeye yol agabilecegi
vurgulanmaktadir (Sojoodi ve Baghbanpour, 2024). Tablo 1°’de Grup 1 iilkelerinin 2011-2022
doénemi yiiksek teknoloji ihracat degerlerine yer verilmistir.

Tablo 1. Grup 1 Ulkelerinde 2011-2022 Dénemi Yiiksek Teknoloji Thracatinin imalat Thracati
Icindeki Pay1 (%)

Yil Katar Suudi Arabistan Kuveyt Bahreyn B.A.E.
2011 0,005 0,59 2,77 0,15 -

2012 0,60 0,66 - 0,38 3,76
2013 0,54 0,71 1,66 0,59 3,60
2014 0,04 0,59 0,13 1,49 10,16
2015 1,10 0,78 0,12 0,93 5,30
2016 0,001 1,30 0,14 1,05 2,61
2017 0,005 0,73 0,20 0,62 2,84
2018 1,80 0,54 4,11 0,44 2,90
2019 0,002 0,64 0,90 4,44 2,99
2020 7,11 0,60 1,34 8,97 5,37
2021 1,71 0,30 1,19 0,59 8,95
2022 2,85 - 0,71 0,56 9,28

Kaynak: World Bank, 2024.

Grup 1 tilkeleri icerisinde imalat sanayi igerisinde yiiksek teknoloji ihracat pay1 en yiiksek
olan iilke Birlesik Arap Emirlikleri’dir. Diger iilke paylari ise yaklasik %1 ila %2 arasinda diisiik
diizeyde gergeklesmistir. Tablo 2°de Grup 2 iilkelerinin 2011-2022 doénemi yiiksek teknoloji
ihracat degerlerine yer verilmistir.

Tablo 2. Grup 2 Ulkelerinde 2011-2022 Dénemi Yiiksek Teknoloji Thracatinin imalat Thracati
Icindeki Pay1 (%)

Yil Norvec G. Kore Japonya Isvicre ABD Almanya
2011 21,54 28,21 18,39 25,27 20,62 16,34
2012 21,12 28,22 18,23 26,05 20,17 17,22
2013 21,02 29,81 17,75 26,75 20,18 17,29
2014 22,31 30,06 17,78 26,65 20,48 17,20
2015 22,26 31,21 18,04 27,05 21,39 17,82
2016 20,95 30,52 17,62 27,33 22,41 18,08
2017 21,59 32,54 17,59 14,02 19,26 15,85
2018 21,11 36,39 17,29 13,31 18,48 15,74
2019 22,49 32,40 17,03 12,90 18,68 16,38
2020 22,06 35,60 18,63 12,84 19,49 15,50
2021 20,58 36,01 18,00 14,23 19,90 15,38
2022 23,95 36,11 18,25 29,98 20,57 17,48

Kaynak: World Bank, 2024.

Grup 2 iilkeleri igerinde imalat sanayi icerisinde yiiksek teknoloji ihracat pay1 yiiksek olan
iilkelerin baginda G. Kore ve Norveg gelmektedir. Genel olarak Grup 1 ve Grup 2 iilkeleri
karsilastirldiginda Grup 2 {ilkelerinin imalat sanayi igerisinde yiiksek teknoloji ihracat paymin
Grup 1 iilkelerine gore c¢ok yiiksek diizeyde gergeklestigi sdylenebilir. Bu ise bu llkelerin
iiretimlerinde teknoljik gelisimi ve teknolojik gelisimin ileri boyutu olan dijitallesmeyi daha fazla
kullandiklarin1 gostermektedir.
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3.1.2. Dogal Kaynak Laneti Yaklasim

Kaynak laneti terimi ilk kez ekonomik cografyact Richard Auty (1993) tarafindan
kullanilmugtir. Tlgili kavram kaynak zengini iilkelerde 6zellikle Afrika, Orta Dogu, Latin Amerika
ve Eski Sovyetler Birligi'nde gozlemlenen sorunlar1 agiklamak i¢in kullanilmistir (Ross, 2015).
Dogal Kaynak Laneti Auty’de (2001) “yeni bulgular gosteriyor ki dogal kaynak zengini tilkeler
bu nimetten faydalanma konusunda basarisiz olmak bir yana, aslinda kaynak bahsedilmemis
tilkelerden daha kotii performans sergileyebiliyorlar” seklinde ifade edilmistir (aktaran Sahin,
2021). Ekonomi literatiiriinde ise kaynak laneti “dogal kaynaklar bakimindan zengin olan
iilkelerin ekonomik performanslarinin, kaynak yoksulu iilkelere kiyasla nispeten diisiik olmas1”
olarak adlandirilmaktadir (Akgura, 2019). Genis kapsamli olarak kavram, “bir iilkenin dogal
kaynak zenginliginin ekonomik, sosyal veya politik refah1 {izerindeki olumsuz etkileri” seklinde
kabul edilmektedir (Ulucak, 2016).

Dogal kaynak zenginliginin ekonomik yapi iizerinde dogrudan ve olumlu etkileri
mevcuttur. Yaygin olarak OPEC iilkeleri i¢in kullanilan bu kavram aslinda yiiksek bir milli geliri
ifade etmektedir (Sahin, 2021). Ulkeler agisindan dogal kaynaklarm bol olmasi ekonomik
biliylime ve gelisme i¢in dnemli bir faktdr olarak kabul edilmektedir (Akgura, 2019). Ancak
sermaye birikiminin iilkelerde baska sektorlere aktarilmamasi toplumun sosyo-ekonomik agidan
gerilemesine neden olmaktadir (Sahin, 2021). Ozellikle bu kaynaklarin planli ve bilingli bir
sekilde kullanilmamasi sonucu bu iilkelerde “Hollanda Hastalig1, yolsuzluk, otoriter rejim, zayif
yonetisim, gelir dagilim esitsizligi, i¢ savas ve ¢atigma riski ile rant arayis1” gibi birgok sorunla
kars1 karsiya kalmabilmektedir (Akcura, 2019). Kaynak bollugunun bir iilkenin ekonomik
biliylimesini artirarak yagsam kalitesini artirmasi beklenmektedir. Ancak arastirmalar bu durumun
olumsuz sonuglarina dikkat gekmektedir (Alexeev ve Conrad, 2011).

Bu olumsuz etkileri agiklamada kullanilan yaklasimlardan biri “Hollanda Hastalig:’dir.
Hollanda Hastalig1, petrol veya diger mineral ve tarimsal emtialardaki bir yiikselmenin olumsuz
yan etkilerini ifade etmek icin kullanilmistir. Bu olgu, ihrag edilen emtianin diinya fiyatinda
giiclii, ancak gegici bir yiikselis dalgasinin etkileri sonucu ortaya ¢ikmaktadir. ihrag edilen emtiya
fiyatlarindaki artig beraberinde para biriminde biiyiikk bir deger artisina, harcamalarda artiga,
ticaret dist mallarin fiyatinda artisa, cari agikta artisa neden olmaktadir (Frankel, 2010). Petrol ve
dogal gaz fiyatlarinin yiikselmesi iilkeye giren doviz miktarini artirmakta, ulusal paray1 asirt
degerlendirmekte, {ilke mallarin1 pahalilagtirmakta ve iilkenin dig rekabet giiclinii azaltmaktadir.
Sanayisi tek bir kaynaga bagli olan bu iilkelerdeki petrol fiyatlarindaki azalma ise igsizlige ve
tilkenin fakirlesmesine neden olmaktadir (Yardimcioglu ve Giilmez, 2013). Bu tilkelerde iiretim
sektoriindeki yogunlagsma tek bir sektorde oldugunda bunun etkisi sanayisizlesme seklinde
kendini gostermektedir (Frankel, 2010).

Zengin dogal kaynaga sahip iilkelerin bu durumdan olumsuz etkilenebilecegini agiklamada
kullanilan diger bir yaklagim Singer-Prebish tezidir. Tarim ve sanayi iiriinleri arasindaki ticaret
hadlerinin uzun déonemde tarim iriinleri aleyhine degisecegi goriisii Singer-Prebish tezi olarak
adlandirilmaktadir (Seyidoglu, 2015). Maden ve tarim {iriinlerinin fiyatlarinin, imalat ve diger
iiriinlerin fiyatlarina kiyasla uzun vadede asag1 yonlii bir seyir izleyecegi hipotezi, Raul Prebisch
(1950) ve Hans Singer (1950) ile iligkilendirilmistir. Bu hipotezin temelinde birincil {iriinlere
yonelik diinya talebinin diinya gelirine gére esnek olmamasi yer almaktadir (Frankel, 2010). Bu
nedenle Singer’e (1950) ve Prebisch’e (1950) gore dogal kaynak zenginligi ticaret hadlerindeki
yasanan bozulma araciligiyla ekonomik biiyiimeyi olumsuz etkileyebilecektir. Ozellikle ihracati
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agirhikli olarak dogal kaynaklara bagli gelismekte olan iilkeler emtiya piyasalarindaki
dalgalanmalardan ve emtiya fiyatlarindaki yliksek volatiliteden daha ¢ok etkilenmektedir. Ayni
zamanda Auty’e (1993) gore dogal kaynak bakimindan zengin olan iilkeler bu kaynaklardan elde
ettikleri gelirleri verimli alanlara yonlendirememekte bu ise kaynak lanetinin ortaya ¢ikmasina
neden olmaktadir (Bal ve Palanddkenlier, 2021).

Geligmis iilkelerle gelismekte olan iilkelerde toplanan vergiler karsilastirildiginda, 6zellikle
dogal kaynak zengini iilkelerde, bu oran daha diisiik diizeyde olmaktadir. Ciinkii hiikiimet dogal
kaynak ihracatindan daha fazla gelir elde ettigi icin diger alanlardan vergi geliri elde etme
cabasinda bulunmamaktadir. Bu ise bu iilkelerde vergi sistemini olumsuz etkilemektedir. Dogal
kaynak zengini ilkelerin ¢ogunda otoriter rejimler demokratiklesmeye izin vermemekte ve
kurumsal zayifliklar gézlemlenmektedir. Literatiirde bazi yazarlar, kurumsal zayifligin dogal
kaynak laneti yoluyla diisiik ekonomik biiylime performansina neden oldugunu, diger bir grup
yazar ise dogal kaynak rantinin kurumlar zayiflattigini ifade etmektedir. Bu iilkelerde
kaynaklarin dagitimi yetkisi siyasi otoritelerin elindedir. Kamu sektorii ise gerekli kaynaklari
tahsis edememektedir. Ekonomileri biiyiik 6l¢iide dogal kaynak ¢ikarimina bagimli olan tilkelerde
yiikksek vasifli isgiiciine veya egitime ihtiyac duyulmamaktadir. Uretim sektdriiyle
karsilastirildiginda, kaynak temelli sektorler zayif teknolojiye ve daha az nitelikli insan
sermayesine ihtiya¢ duymaktadir. Kaynak temelli ¢alisanlar daha az kalifiye olsalar dahi, dogal
kaynak sektoriiniin daha yiiksek kar oranlarina sahip olmasi nedeniyle imalat sanayi is¢ilerinden
daha fazla iicret almaktadirlar. Bu nedenle, dogal kaynak bakimindan zengin iilkelerde yiiksek
vasifli iggiiciine olan talep ve egitim yatirimlar1 azalmaktadir (Gedikli, 2020).

Bununla birlikte bu durum her dogal kaynak zengini iilkeler i¢in gecerli degildir. Dogal
kaynaktan elde ettigi geliri diger sektorlere aktaran ve insani yasam kalitesini yiikselten tilkeler
dogal kaynak zenginligini avantaja doniistiirmektedir. Ancak dogal kaynaklar1 plansiz ve bilingsiz
kullanan iilkeler ¢ok kisa bir donem i¢in zenginlesirken uzun donemde fakirlesmektedir. Dogal
kaynak zengini iilkede dogal kaynaktan elde edilecek gelir o iilkeyi kisa donemde
zenginlestirmektedir. Uzun donemde ise iilkede hukuki ve siyasi boslugun varligi sonucu
biiyiimenin kalkinmay1 desteklememesi kalkinmaya engel olmaktadir (Ulucak, 2016). Diger bir
ifadeyle dogal kaynagin varligi bu ekonomilerde ekonomik biiyliimeyi kisa vadede olumlu
etkilemektedir. Ancak yatirimlarin sadece dogal kaynak yoniinde olmasi diger sektorleri ve beseri
sermaye yatirimlarinin ihmal edilmesi zaman igerisinde ekonomik daralma ile sonuglanmaktadir
(Alexeev ve Conrad, 2011). Bu iilkelerde dogal kaynak digindaki diger sektorlerin ihmal edildigi
ve genellikle yerli iiretici bulunmadig1 kanisi hakimdir. Yerli iireticinin yetersizligi ve ithalat
mallarina olan talep inovasyonun gelisimini kisitlamaktadir. Yerli {iretim olmadig1 igin nitelikli
isglicline ihtiyag duyulmamakta ve kalkinmadaki Onemli bir faktér olan egitim ihmal
edilmektedir. Egitim yetersizligi nedeniyle bu iilkelerde teknolojik buluslar, inovasyon ve Ar-ge
faaliyetleri de kisith diizeyde kalmaktadir (Ulucak, 2016).

3.2. Dijitallesme ve Kalkinma Tliskisi

Dijitallesmenin temelini olusturan teknik ilerleme ekonomik kalkinmanin bir gerekliligi
olarak ilk kez 1950’lerde ortaya c¢cikmustir (Kaynak, 2003). Dordiincii endiistri devrimi ile
baslayan ve iginde bulundugumuz dénem dijital ¢cag olarak adlandirilmaktadir. Bu cagda gelismis
ve gelismekte olan iilke ayriminin en biiyiik belirleyicilerinden biri iilkelerin sahip oldugu
teknoloji faktorti olarak degerlendirilmektedir (Bakirtas ve Ustadmer, 2019). Yeni ekonomik
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diizen olarak adlandirilan dijital ekonominin temeli bilgi ve teknolojiye dayanmakta olup bilgi ve
teknoloji ekonomik kalkinmanin temel aracilarindan biri olma roliinii tistlenmektedir (Keviik,
2006). Dijital doniisiim siireci icerisinde dijitallesmeyi saglamak ekonomik kalkinma i¢in énemli
bir faktor haline gelmektedir (UNCTAD, 2021). Dijitallesme bireylerin yasam bigimini,
devletlerin stratejilerini, isletmelerin iiretim yontemini ve ekonominin yoniinii belirlemektedir.
Dijitallesme kaliteli yasam belirleyicisi olmasi yoniiyle kalkinma ile dogrudan iligkili hale
gelmektedir (Demirkiran vd., 2022). Dijital ¢agin en biiyiik gerekliligi olan dijital teknolojiler
ekonomik kalkinma, refah seviyesi ve insani yasam kalitesini artirma gibi konularda rol
oynamaktadir (Pakdemirli, 2019).

Gilinlimiizde teknolojik ilerlemenin ekonomik kalkinmanin 6nemli faktdrlerinden biri
oldugu kabul edilmektedir (Ersungur, 1994). Teknoloji iiretimi ve kullaniminin artmasi
dijitallesme siirecini hizlandirmakta ve insani yasam kalitesinin yiikselmesine neden olmaktadir
(Sad ve Aribas, 2010). Teknolojik gelisim iilkedeki {iretim kapasitesini artirarak toplumun temel
ihtiyaglarina, egitim ve saglik imkanlarina daha kolay ulasilmasina, haberlesmenin ve ulagimin
kolaylagmasina sebep olmaktadir (Ersungur, 1994). Dijitallesmenin hizla ilerlemesi, bilgi akisi,
iletisim, aligveris, c¢aligma hayati, hizmet alma gibi giindelik rutini hizli bir sekilde
degistirmektedir (UNCTAD, 2021). Bilgi ve iletisim teknolojilerine yapilan yatirimlar sonucu
inovasyonlar iilkelerin rekabet giiciinii artirarak ekonomik biiyiime ve kalkinmaya neden
olmaktadir. Aym zamanda iilkelerin siirdiiriilebilir ekonomik kalkinmay1 saglamak igin
dijitallesme yoniindeki bilgi ve iletisim teknolojilerine yapilan yatirimlarin artis1 da inovasyon
calismalarini artirmaktadir (Pakdemirli, 2019). Dijitallesmenin yiiksek oldugu iilkelerde insanlar
iglerini internet iizerinden yapmakta ve zaman tasarrufu saglamaktadir. Gelismis tilkelerde mal
iiretiminden daha ¢ok bilgi iiretimi 6nemli hale gelmistir. Bilgi tiretimi ise entelektiiel sermayeye
bagli olup entelektiiel sermaye iilkelerin refah seviyesini artirmaktadir (Kaynak, 2014).

Yeni ekonomik diizende uluslararasi ekonomik iglemlerin dijital ekonomiye entegre olmasi
ile birlikte ekonomik kalkinmaya da yeni bir bakis agisi gelmistir. Bu bakig agisi dijitallesmeyle
ilerleyen kalkinmadir. Dijitallesme ile birlikte yeni bir diizen olarak karsilasilan ve geleneksel
ekonomiden dayanaklari farkli olan dijital ekonomi, ekonomik kalkinma i¢in anahtar olmaktadir.
Ancak kalkinmasi yiiksek diizeyde olan iilkeler dijitallesme olanaklarindan ileri diizeyde
faydalanirken az gelismis {ilkelerde dijitallesme olanaklarindan istenildigi gibi fayda
saglanamadig1 gézlemlenmektedir (UNCTAD, 2021).

3.3 Ampirik Literatiir

Dijitallesme konusu ile ilgili yapilan ¢aligmalarin biiylik ¢ogunlugunda dijitallesme ve
ekonomik biiyiime iliskisi incelenmistir. Ornegin dijitallesme ve ekonomik biiyiime arasindaki
iliskiyi dikkate alarak inceleyen Tiredi (2012), Isik ve Kiling (2013), Kose ve Sentiirk (2017),
Niebel (2018), Aykir1 ve Bulut (2018), Lazanyuk ve Revinova (2019), David (2019), Solomon
ve Klyton (2020), Myovella vd. (2020), Kasa (2020), Lazovic vd. (2022), Gomes vd. (2022),
Akyol vd. (2023) caligmalarinda degiskenler arasinda pozitif yonlii iligki tespit edilmistir.

Diger bir grup ¢aligmada ise dogal kaynak laneti yaklasimi incelenmistir. Ornegin Kara
Acar ve Topdag (2020) OPEC ve Mena iilkelerinin 2006-2018 yillar1 arasindaki dogal kaynak
bagimliligi ve kurumsal gelismenin ekonomik kalkinma tizerine etkisi incelemistir. Calisma
sonucunda dogal kaynak gelirlerinin ekonomik kalkinmay1 olumsuz yonde etkiledigi ve dogal
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kaynak laneti yaklagiminin gegerli oldugu sonucuna ulagilmigtir. BRICS filkelerinin dikkate
alindig1 Haciimamoglu (2021) ise dogal kaynak ve finansal gelisim arasindaki iliski ele alinmustir.
Calismanin sonucunda Brezilya ve Rusya’da dogal kaynak geliri ve finansal kalkinma arasindaki
iliskinin olumlu, Giiney Afrika’da ise bu iliskinin olumsuz oldugu yoniindedir. Cin ve
Hindistan’da ise degiskenler arasinda anlamli bir iliski tespit edilememistir. Camkaya’da (2023)
dogal kaynak laneti yaklagimi MINT iilkelerinin 1990-2019 yillar1 dikkate alinarak analiz
edilmistir. Caligmada dogal kaynak, beseri sermaye ve ekonomik biiylime iligkisi test edilmistir.
Elde edilen bulgular MINT tiilkeleri i¢in dogal kaynak laneti yaklasimimi destekler niteliktedir.
Ayrica incelenen iilkelerde beseri sermaye ve sabit sermaye stogu artisinin ekonomik biiylimeyi
artirdigr tespit edilmistir.

Son donemlerde yapilan caligmalar ise dijitallesme ve ekonomik kalkinma konularina
dogru kaymistir. Konu ile ilgili yapilan ilk calismalardan biri Hardy’dir (1980). Bu c¢alismada
dijitallesme ve kalkinma iligkisi 60 iilkenin 13 yillik verileri dikkate alinarak incelenmistir. Elde
edilen bulgulara gore telefon kullanimi ekonomik kalkinmay1 olumlu yonde etkilemektedir. 69
iilke ve 28 OECD iiyesi iilkedeki 2000-2004 dénemine ait bilgi ve iletisim teknolojileri (BIT) ile
kalkinma arasindaki iliskiyi inceleyen Torun ve digerleri de (2009) BIT ve inovasyon
yatirimlarinin kalkinmayi pozitif etkiledigi sonucuna ulagilmistir. David’de (2019) dijitallesme,
ekonomik biiylime, ekonomik kalkinma iliskisi 46 Afrika iilkesi i¢in analiz edilmistir. Caligmada
reel Gayrisafi Yurtici Hasila (GSYIH), insani Gelisme Endeksi, Telekomiinikasyon Endeksi
kullanilmistir. Calisma sonucunda degiskenler arasinda uzun dénemli bir iliski ve ¢ift yonli
nedensellik iligkisi tespit edilmistir. Mamedov’da (2019) bilgi ekonomisi ve ekonomik kalkinma
arasindaki iligki nedensellik testi ve esbiitiinlesme testi kullanilarak analiz edilmistir. Calismadan
elde edilen sonuca gore bilgi ekonomisi politikada tam olarak uygulandig1 durumda kalkinmay1
olumlu bir sekilde etkilemektedir. Aly (2022) ise yapay zekanin gelismis ve gelismekte olan
iilkelerde sosyal ve ekonomik etkileri arastirtlmistir. FElde edilen bulgular, yapay zekanin
ekonomik kalkinma, istihdam ve isgiiciiniin verimliligi {izerinde hem olumlu hem de olumsuz
etkileri oldugunu gostermistir. inovasyon ve ekonomik kalkinma arasindaki iliskiyi inceleyen
diger bir calisma Ozer ve Unlii’diir (2020). Calismada iist orta gelirli 24 iilkenin 2000-2017
yillarina ait Insani Gelisme Endeksi, AR-GE harcamalari, yerlesik patent bagvurulari, bilimsel
arastirma ve teknik makale sayisi, bilgi ve iletisim teknolojileri hizmet ihracati verileri
kullanilmustar. Ilgili alismada inovasyonun ekonomik kalkinmayi pozitif etkiledigi bulgusu elde
edilmigtir

Dijitallesme ve siirdiiriilebilir kalkinma iligkisinin incelendigi Altay Topgu’da (2021) 28
AB iiyesi iilke analize dahil edilmistir. Calismada Uluslararas Dijital Ekonomi Indeksi, Toplum
Indeksi, Siirdiiriilebilir Kalkinma Indeksleri kullanilmistir. Calisma sonucunda dijital ekonominin
stirdiiriilebilir kalkinma {izerinde anlamli ve pozitif etkisi oldugu bulgusu elde edilmistir.
Iyigiingdr (2002) tarafindan Endiistiri 4.0 sonucu Japonya’da uygulanan dijitallesme
politikalarina toplumun uyum etkileri incelenmistir. Caligmadan elde edilen bulgular Japonya'nin
uyguladigr politikalar sonucu dijitallesmeye ayak uyduran ve yasam kalitesini artiran toplumsal
bir yapinin olustugu seklindedir. Zhang vd. (2021) Cin’in 30 kenti i¢in 2015-2019 doneminde
dijital ekonominin ekonomik kalkinma iizerindeki etkileri test edilmistir. Calisma sonucunda
dijitallesmenin bolgesel faktdr verimliligi {izerine olumlu etkisi oldugu bulgusu elde edilmistir.
Behera ve Sahoo (2022) Hindistan’in BIT, kiiresellesme ve insani gelisme degiskenleri arasindaki
iligki test edilmistir. Elde edilen bulgular kiiresellesme ile internet ve mobil yogunlugunun
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artmasimin uzun donemde insani gelisime olumlu katki saglayacagi ve insani yasam kalitesini
artacag seklindedir.

4, Veri ve Yontem

Calismada dijitallesme ve kalkinma iliskisi Petrol Thragc Eden Arap Ulkeleri Orgiitii
(OAPEC) tyelerinden 5 {ilke (Katar, Suudi Arabistan, Kuveyt, Bahreyn ve Birlesik Arap
Emirlikleri) ile kalkinma diizeyi yiiksek olan Norveg, Giiney Kore, Japonya, Isvigre, ABD,
Almanya analize dahil edilerek incelenmistir. Caligmada verilerin elde edilebilirligine goére 2000-
2021, 2000-2020 ve 2002-2021 donemleri dikkate alinmis ve degiskenler arasindaki nedensellik
iligkisi Konya (2006) nedensellik testi ile sinanmaistir.

UNDP tarafindan gelistirilen “Insan1 Gelismislik Endeksi” kalkinma boyutunu dlgmek igin
en yaygin kullanilan indekslerden biridir (UNDP, 2023). Dijitallesme gostergeleri ise Shahbaz ve
digerlerinde (2022) kullanilan dijital ekonomi endeksi verileri dikkate alinarak belirlenmistir.
Dijitallesme gostergesi olarak sabit telefon abonelikleri, mobil hiicresel abonelikler, internet
kullanan bireyler, sabit genis bant abonelikleri, kalkinma gostergesi olarak insani gelisme endeksi
kullanilmigtir. Calismada kullanilan veriler Uluslararasi1 Telekomiinikasyon Birligi (ITU) ve
Diinya Bankas1 Kalkinma Gostergeleri (WDI) veri tabanindan temin edilmistir. Degiskenlerin
logaritmalari analize dahil edilmistir. Calismada Gauss 6.0 programi kullanilmustir.

LNHD;; = ag + a;LNFTS + Uy, (1)
LNHD;; = 6y + 0;LNMCS + v;, @)
LNHD;; = Q¢ + Q,LNINT + ;, ?)
LNHD;, = Py + P;LNFBS + W;, ()

Modellerde LNHD insani gelisme endeksini, LNFTS sabit telefon abonelikleri (100 kisi
basima), LNMCS mobil hiicresel aboneliklerini (100 kisi basina), LNINT internet kullanan
bireylerin payini (niifusun %), LNFBS sabit genis bant aboneliklerini (100 kisi basina),
Ui Vi £, 0; ¢, W; » hata terimlerini temsil etmektedir.

Caligmada kurulan modeller kapsaminda asagidaki hipotezler sinanmugtir:
Ho: Dijitallesme ekonomik kalkinmanin Granger nedeni degildir

Ha: Dijitallesme ekonomik kalkinmanin Granger nedenidir.

Ho: Ekonomik kalkinma dijitallesmenin Granger nedeni degildir

Ha: Ekonomik kalkinma dijitallesmenin Granger nedenidir.

5. Bulgular

Konya (2006) nedensellik testi yatay kesit bagimliligin1 ve heterojeniteyi dikkate alan bir
test olup, bu testi uygulamak i¢in 6ncesinde panel birim kok testi ya da panel es-biitiinlesme testi
uygulanmasina gerek duyulmamaktadir (Kar vd., 2011). Calismadan elde edilen bulgular Grup 1
ve Grup 2 iilkeleri i¢in ayr1 ayr1 bagliklar halinde sunulmustur.
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5.1. Grup 1 Ulkeleri i¢in Yapilan Analiz Sonuclar

Calismada ilk olarak, OAPEC iiyelerinden Katar, Suudi Arabistan, Kuveyt, Bahreyn ve
Birlesik Arap Emirlikleri’nin yer aldigi Grup 1 iilkeleri i¢in yatay kesit bagimliligi testi
yapilmigtir. Yatay kesit bagimliligi testinden elde edilen bulgular Tablo 3’te sunulmustur.
LNFTS1, LNMCS1, LNINT1 i¢in 2000-2021 donemi, LNFBS1 i¢in 2002-2021 doénemi dikkate
almmustir. LNHD1, LNFTS1, LNMCS1, LNINT1, LNFBSI1 degiskenleri i¢cin %5 anlamlilik
diizeyinde Ho bos hipotezi reddedilmektedir. Diger bir ifadeyle modelde ilgili degiskenler i¢in
yatay kesit bagimlilig1 s6z konusudur.

Tablo 3. Yatay Kesit Bagimlihg1 Test Sonuglari

H,: Yatay kesit bagimlilif1 yoktur.

H,: Yatay kesit bagimlilig1 vardir.

LNHD1=F(LNFTS1) istat‘isti.k Olasilik Degeri
Degeri (p-degeri)
LM (Breusch, Pagan 1980) 28.59** 0.001
CDIm (Pesaran 2004) 4.16** 0.000
CD (Pesaran 2004) 4.19 ** 0.000
LMadj (PUY, 2008) 19.89 ** 0.000
LNFTS1=F(LNHD1)
LM (Breusch, Pagan 1980) 13.52 0.196
CDIm (Pesaran 2004) 0.79 0.216
CD (Pesaran 2004) 0.59 0.275
LMadj (PUY, 2008) 19.85** 0.000
LNHD1=F(LNMCS1)
LM (Breusch, Pagan 1980) 59.32** 0.000
CDIm (Pesaran 2004) 11.03 ** 0.000
CD (Pesaran 2004) 6.69 ** 0.000
LMadj (PUY, 2008) 37.39 ** 0.000
LNMCS1=F(LNHD1)
LM (Breusch, Pagan 1980) 59.10 ** 0.000
CDIm (Pesaran 2004) 10.97 ** 0.000
CD (Pesaran 2004) 6.77** 0.000
LMadj (PUY,2008) 37.78** 0.000
LNHD1=F(LNINT1)
LM (Breusch, Pagan 1980) 43.87** 0.000
CDIm (Pesaran 2004) 7.57** 0.000
CD (Pesaran 2004) 4.60 ** 0.000
LMadj (PUY,2008) 40.56 ** 0.000
LNINT1=F(LNHD1)
LM (Breusch, Pagan 1980) 50.77** 0.000
CDIm (Pesaran 2004) 9.11** 0.000
CD (Pesaran 2004) 5.88 ** 0.000
LMadj (PUY,2008) 41.26** 0.000
LNHD1=F(LNFBS1)
LM (Breusch, Pagan 1980) 36.72** 0.000
CDIm (Pesaran 2004) 5.97** 0.000
CD (Pesaran 2004) 3.45 ** 0.000
LMadj (PUY,2008) 33.41 ** 0.000
LNFBS1=F(LNHD1)
LM (Breusch, Pagan 1980) 31.23** 0.000
CDIm (Pesaran 2004) 4.74%* 0.000
CD (Pesaran 2004) 4.10** 0.000
LMadj (PUY,2008) 33.17** 0.000

Not: *, ** *** girastyla %1, %5 ve %10 anlamlilik diizeyini gostermektedir.
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Tablo 4'te, Grup 1 iilkelerinin homojenlik testi sonug¢larina yer verilmigtir. LNFTS1,
LNMCS], LNINT1 i¢in 2000-2021 donemi, LNFBSI1 icin 2002-2021 dénemi dikkate alinmustir.
Sonuglara gore LNFTS1, LNMCSI1, LNINTI1, LNFBS1 degiskenleri i¢cin %5 anlamlilik
diizeyinde egim katsayilart homojendir Ho hipotezi reddedilmektedir. Ilgili degiskenlerin
heterojen oldugu sonucuna ulagilmistir.

Tablo 4. Homojenlik Testi Sonuclari

H,y: Egim katsayilar homojendir. H,: Egim katsayilar1 heterojendir.

LNFTS1 istatistik Degeri Olasihk Deg.
(p-degeri)

Delta_tilde 4.371%* 0.000
Delta_tilde_adj 4.687** 0.000
LNMCS1
Delta_tilde 2.007** 0.022
Delta_tilde_adj 2.152** 0.016
LNINT1
Delta_tilde 11.722** 0.000
Delta_tilde_adj 12.570** 0.000
LNFBS1
Delta_tilde 5.123** 0.000
Delta_tilde_adj 5.557** 0.000

Not: *, ** *** girastyla %1, %5 ve %10 anlamlilik diizeyini gostermektedir.

Tablo 5'te LNFTS1 ve LNHDI1 degiskenleri arasindaki nedensellik iliskisi sonuglar1 yer
almaktadir. Tablo 5’e gore LNFTS1 ve LNHDI1 arasinda; Katar, Kuveyt, Bahreyn, Birlesik Arap
Emirlikleri i¢in degiskenler arasinda nedensellik iliskisi olmadigi, Suudi Arabistan igin %5
anlamlilik diizeyinde LNFTS1'den LNHD1'e dogru tek yonlii nedensellik iligkisi oldugu tespit
edilmistir.

Tablo 5. insani Gelismislik ve Sabit Telefon Abonelikleri Arasindaki Konya Nedensellik Testi
Sonuclar1 (2000-2021 donemi)

Hy: LNFTS1, LNHDY’in nedeni degildir

Ulke . Bootstrap Kritik Deg.

Wald Ist. %l %5 %10 Sonug¢
Katar 0.001 21.7 14.3 11.2 InftsInhd
Suudi Arabis. 3.414** 6.30 3.26 2.211 Infts—Inhd
Kuveyt 6.57 43.42 30.10 23.35 Infts#Inhd
Bahrey. 1.55 11.95 8.006 6.141 InftssInhd
B.AE. 1.19 26.78 17.55 13.72 Infts#Inhd
Panel Fisher 8.151 [0.614]

H,: LNHD1, LNFTS1’in nedeni degildir

Ulke . Bootstrap Kritik Deg.

Wald Ist. %L %5 %10 Sonug¢
Katar 0.38 33.2 23.5 19.8 Inhd=Infts
Suudi Arabis. 0.019 5.362 2.98 2.11 Inhd=Infts
Kuveyt 2.518 25.476 17.38 14.8 Inhd#Infts
Bahrey. 11.41 31.52 20.57 17.1 Inhd#Infts
B.AE. 0.959 15.95 11.22 9.50 Inhd#Infts
Panel Fisher 3.181[0.977]

Not: *, ** *** girasiyla %1, %5 ve %10 anlamlilik diizeyini gostermektedir.
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Tablo 6'ya gére LNMCS1ve LNHDI1 arasinda; Katar, Kuveyt i¢in degiskenler arasinda
nedensellik iligkisi olmadig1, Suudi Arabistan i¢in %5 anlamlilik diizeyinde ve Bahreyn icin %5
ve %10 anlamlilik diizeylerinde LNHD1 ve LNMCSI1 arasinda ¢ift yonlii, Birlesik Arap
Emirlikleri i¢in %35 anlamlilik diizeyinde LNHD1'den LNMCS1'e dogru tek yonlii nedensellik
iligkisi oldugu bulgusu elde edilmistir.

Tablo 6. insani Gelismislik ve Mobil Hiicresel Abonelikleri Arasindaki Konya Nedensellik Testi
Sonuglar1 (2000-2021 Doénemi)

Hy: LNMCS1, LNHD1’in nedeni degildir

Ulke . Bootstrap Kritik Deg.

Wald Ist. Y%L E/OS g% 10 Sonug¢
Katar 1.88 18.6 11.6 10.0 Inmcs=Inhd
Suudi Arabis. 8.1** 10.1 7.57 6.17 Inmcs—Inhd
Kuveyt 12.15 22.7 15.0 12.2 Inmcs#Inhd
Bahrey. 3.8%** 5.96 4.49 3.73 Inmcs—Inhd
B.AE. 1.704 9.97 4,91 3.40 Inmcs=Inhd
Panel Fisher 18.447[0.048]

Hy: LNHD1, LNMCSY?’in nedeni degildir

Ulke . Bootstrap Kritik Deg.

Wald Ist. Y%L g/oS g% 10 Sonug¢
Katar 0.030 4.86 2.72 1.88 Inhd=Inmcs
Suudi Arabis. 10.8** 6.45 4.43 3.36 Inhd—Inmcs
Kuveyt 1.61 16.2 10.6 8.49 Inhd#Inmcs
Bahrey. 7.67** 8.66 5.52 4.26 Inhd—Inmcs
B.A.E. 23.2%* 27.1 145 11.3 Inhd—Inmcs
Panel Fisher 28.429[0.002]

Not: *,** *** girasiyla %1, %5 ve %10 anlamlilik diizeyini gostermektedir.

Tablo 7. insani Gelismislik ve internet Kullanan Bireylerin Niifus icindeki Pay1 Arasindaki
Konya Nedensellik Testi Sonug¢lari (2000-2021 Déonemi)

Hy: LNINT1, LNHD1’in nedeni degildir
Ulke Wald Ist. Boot. Kri. Deg.

%1 %5 %10 Sonug
Katar 4.18 29.7 22.4 18.7 Inint#Inhd
Suudi 9.9%xx 14.8 11.1 9.11 Inint—Inhd
Arabis.
Kuveyt 14.490 43.2 314 25.7 Inint#Inhd
Bahrey. 2.813 12.7 8.82 7.70 Inint=Inhd
B.AE. 0.986 12.3 6.42 4.9 Inint#Inhd
Panel Fisher 8.17210.612]

Hy: LNHD1, LNINT?’in nedeni degildir

Ulke Wald ist. Boot. Kri. Deg. Sonug

%1 %5 %10
Katar 1.689 7.11 3.90 2.30 Inhd= Inint
iﬂ:g:s 4.928 10.6 6.52 5.16 InhdsInint
Kuveyt 0.007 24.2 13.9 9.87 Inhd=Inint
Bahrey. 0.075 4,94 3.43 2.53 Inhd=Inint
B.AE. 0.328 4,57 2.02 1.52 Inhd#Inint
Panel Fisher 9.770 [ 0.461]

Not: *, #* *** girasiyla %1, %5 ve %10 anlamlilik diizeyini gostermektedir.

Tablo 7°de yer alan sonuglara gore LNINT1 ve LNHD1 arasinda; Katar, Kuveyt, Bahreyn,
Birlesik Arap Emirlikleri i¢in degiskenler arasinda nedensellik iligkisi olmadigi, Suudi Arabistan
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icin %10 anlamlilik diizeyinde LNINT1’den LNHD1’e dogru tek yonlii nedensellik iliskisi
oldugu sonucuna ulasilmistir.

Tablo 8’e¢ gore LNHDI1 ve LNFBSI arasinda; Suudi Arabistan, Kuveyt, Birlesik Arap
Emirlikleri i¢in degiskenler arasinda nedensellik iligkisi olmadigi, Bahreyn i¢in %35 anlamlilik
diizeyinde LNFBS1'den LNHD1'e dogru, Katar icin %10 anlamlilik diizeyinde LNHD1’den
LNFBS1’e dogru tek yonlii nedensellik iliskisi oldugu bulgusu elde edilmistir.

Tablo 8. insani Gelismislik ve Sabit Genis Bant Aboneliklerini Arasindaki Konya Nedensellik
Testi Sonuglari (2002-2021 Dénemi)

H,: LNFBS1, LNHD1’in nedeni degildir

Ulke . Bootstrap Krit. Deg.

Wald Ist. %L %5 %10 Sonug
Katar 0.063 19.9 9.36 6.47 Infbs#Inhd
Suudt 2717 11.0 6.80 5.35 InfbsInhd
Kuveyt 1.458 23.6 14.8 115 Infbs#Inhd
Bahrey. 4.912** 4.39 2.97 2.35 Infbs—Inhd
B.AE. 1.452 14.5 6.97 5.00 Infbs#Inhd
Panel Fisher 14.676[0.144]

Hy: LNHD1, LNFBS1’in nedeni degildir

Ulke . Bootstrap Krit. Deg.

Wald Ist. %l %5 %10 Sonug
Katar 2.9%** 7.06 3.72 2.57 Inhd—Infbs
iﬂ:g:s 3.450 20.2 13.6 10.2 Inhd=Infbs
Kuveyt 1.282 15.2 9.50 7.75 InhdInfbs
Bahrey. 1.226 8.16 4.86 3.65 Inhd=Infbs
B.AE. 1.136 6.66 2.94 1.90 Inhd=Infbs
Panel Fisher 11.775[0.300]

Not: *, ** *** girasiyla %1, %5 ve %10 anlamlilik diizeyini gostermektedir.

Genel olarak Grup 1 iilkelerinde i) Suudi Arabistan i¢in LNFTS1’den LNHD1 e dogru tek
yonlii nedensellik, ii) Suudi Arabistan ve Bahreyn i¢in LNMCS1 ve LNHDI1 arasinda g¢ift yonlii
nedensellik, iii) Birlesik Arap Emirlikleri icin LNHD1’den LNMCS1’e dogru tek yonlii
nedensellik, iv) Suudi Arabistan i¢cin LNINT1’den LNHD1’e dogru tek yonlii nedensellik, v)
Bahreyn i¢in LNFBS1’den LNHD1’e dogru tek yonlii nedensellik, vi) Katar i¢cin LNHD1’den
LNFBS1’e dogru tek yonlii nedensellik iligkisi tespit edilmistir.

5.2. Grup 2 Ulkeleri i¢in Yapilan Analiz Sonuclari

Kalkinma diizeyi yiiksek olan Grup 2 iilkeleri (Norveg, Giiney Kore, Japonya, Isvicre,
Amerika Birlesik Devletleri ve Almanya) i¢in yapilan yatay kesit bagimliligi testi sonuglar1 Tablo
9’da yer almaktadir. H, hipotezi yatay kesit bagimliligr yoktur; H, hipotezi yatay kesit
bagimliligi vardir seklindedir. LNFTS2, LNMCS2 igin 2000-2021 donemi, LNINT2, LNFBS2
icin 2000-2020 donemi dikkate alinmistir. Tablo 9'da 6zetlenenen test sonuglarina gore %5
anlamlilik diizeyinde Ho hipotezi reddedilmektedir. Diger bir ifadeyle modelde LNHD2,
LNFTS2, LNMCS2 LNINT2, LNFBS2, degiskenleri i¢in yatay kesit bagimlilig1 mevcuttur.
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Tablo 9. Yatay Kesit Bagimlihig1 Test Sonuglari

LNHD2=F(LNFTS2) istatvisti‘k Olasilik Deg.
Degeri (p-degeri)
LM (Breusch, Pagan 1980) 91.303 ** 0.000
CDIm (Pesaran 2004) 13.931** 0.000
CD (Pesaran 2004) 7.672 ** 0.000
LMadj (PUY, 2008) 30.083** 0.000
LNFTS2=F(LNHD?2)
LM (Breusch, Pagan 1980) 108.593** 0.000
CDIm (Pesaran 2004) 17.088 ** 0.000
CD (Pesaran 2004) 8.215 ** 0.000
LMadj (PUY, 2008) 29.710 ** 0.000
LNHD2=F(LNMCS2)
LM (Breusch, Pagan 1980) 126.132** 0.000
CDIm (Pesaran 2004) 20.290** 0.000
CD (Pesaran 2004) 10.891** 0.000
LMadj (PUY, 2008) 42.793** 0.000
LNMCS2=F(LNHD2)
LM (Breusch, Pagan 1980) 105.984 ** 0.000
CDIm (Pesaran 2004) 16.611 ** 0.000
CD (Pesaran 2004) 9.534 ** 0.000
LMadj (PUY, 2008) 43.256** 0.000
LNHD2=F(LNINT?)
LM (Breusch, Pagan 1980) 141.936** 0.000
CDIm (Pesaran 2004) 23.175%* 0.000
CD (Pesaran 2004) 11.579** 0.000
LMadj (PUY, 2008) 40.604 ** 0.000
LNINT2=F(LNHD2)
LM (Breusch, Pagan 1980) 278.276** 0.000
CDIm (Pesaran 2004) 48.067 ** 0.000
CD (Pesaran 2004) 16.661 ** 0.000
LMadj (PUY, 2008) 9.442 ** 0.000
LNHD2=F(LNFBS2)
LM (Breusch, Pagan 1980) 205.030** 0.000
CDIm (Pesaran 2004) 34.694** 0.000
CD (Pesaran 2004) 14.054** 0.000
LMadj (PUY, 2008) 5518 ** 0.000
LNFBS2=F(LNHD2)
LM (Breusch, Pagan 1980) 163.054** 0.000
CDIm (Pesaran 2004) 27.031** 0.000
CD (Pesaran 2004) 10.654** 0.000
LMadj (PUY, 2008) 5.816 ** 0.000

Not: *, ** *** girasiyla %1, %S5, %10 anlamlilik diizeyini gostermektedir

Tablo 10'da Grup 2 iilkeleri i¢in homojenlik testi sonug¢larina yer verilmistir. Hipotezler
Hy: Egim katsayilar1 homojendir. H,: Egim katsayilar1 heterojendir seklindedir. LNFTS2,
LNMCS2 i¢in 2000-2021 donemi, LNINT2, LNFBS2 i¢in 2000-2020 dénemi dikkate alinmistir.
Tablo 10 homojenlik testi sonuglarina gére tiim degiskenler igin %5 anlamlilik diizeyinde egim
katsayilart homojendir olan Ho bos hipotezi reddedilmektedir. LNFTS2, LNMCS2, LNINT?2,
LNFBS2 degiskenlerinin egim katsayilariin heterojen oldugu bulgusu elde edilmistir.
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Tablo 10. Homojenlik Testi Sonuclari

LNFTS2 Istatistik Degeri Olasilik Deg.(p-degeri)
Delta_tilde 7.969** 0.000
Delta_tilde adj 8.545** 0.000
LNMCS2

Delta_tilde 12.572** 0.000
Delta_tilde adj 13.482** 0.000
LNINT2

Delta_tilde 8.456** 0.000
Delta_tilde adj 9.099** 0.000
LNFBS2

Delta_tilde 3.974** 0.000
Delta_tilde adj 4.276*%* 0.000

Not: *, ** *** girasiyla %1 , %5, %10 anlamlilik diizeyini gostermektedir.

Tablo 11, Tablo 12, Tablo 13 ve Tablo 14’te Grup 2 iilkeleri i¢in yapilan Konya (2006)
nedensellik testi sonuglar1 verilmistir. Tablo 11°de sunulan Konya (2006) nedensellik testi
sonuglarina goére, Norveg, Isvigre ve Almanya igin %5 anlamlilik diizeyinde LNHD2'den
LNFTS2'e dogru tek yonlii nedensellik iligkisi oldugu, Giiney Kore i¢in %10 anlamlilik
diizeyinde ve Japonya i¢in %5 ve %10 anlamlilik diizeylerinde LNHD2 ve LNFTS2 degiskenleri
arasinda ¢ift yonlii nedensellik oldugu, ABD i¢in degiskenler arasinda nedensellik iligkisi
olmadigi tespit edilmistir.

Tablo 11. insani Gelismislik ve Sabit Telefon Abonelikleri Arasindaki Konya Nedensellik Testi
Sonuglar: (2000-2021 Dénemi)

Hy: LNFTS2, LNHD2’nin nedeni degildir

Ulke Wald ist. Boot. Kritik Deg. Sonu
%1 %5 %10 ¢
Norv. 0.293 6.15 4.61 3.584 Infts%Inhd
G.Kore 0.96%** 2.40 1.40 0.937 Infts—Inhd
Japon. 69.15%* 40.0 25.9 20.40 Infts—Inhd
fsvig. 0.376 18.2 12.1 9.607 InftsInhd
ABD 0.162 53.3 36.9 28.45 InftsInhd
Alman. 0.502 8.48 6.28 4.928 Infts%Inhd
Panel 19.473[0.078] Panel
Hy: LNHD2, LNFTS2’nin nedeni degildir
Ulke Wald ist. Boot. Kritik Deg. Sonu
%1 %5 %10 §
Norv. 11.54%* 4.669 2.965 2.217 Inhd—Infis
G.Kore 0.44%%* 1.190 0.622 0.420 Inhd—Infts
Japon. 7.34%%% 14.98 8.430 5.877 Inhd—Infts
isvig. 20.51** 17.28 12.92 11.11 Inhd—Infts
ABD 1.802 26.71 15.58 10.39 Inhd= Infts
Alman. 71.72%* 16.38 12.96 11.22 Inhd—Infts
Panel 24.727 [0.016] Panel

Not: *, #* *** girastyla %1, %5, %10 anlamlilik diizeyini gostermektedir.

Tablo 12°de yer alan nedensellik testi sonuglarma gore Norve¢ ve Isvicre icin %5
anlamlilik diizeyinde LNHD2'den LNMCS2'e dogru tek yonlii nedensellik iliskisi oldugu,
Almanya i¢in %10 anlamlilik diizeyinde LNMCS2'den LNHD2'ye dogru tek yonlii nedensellik

913



Ekonomi, Politika & Finans Arastirmalar1 Dergisi, 2024, 9(4): 896-924
Journal of Research in Economics, Politics & Finance, 2024, 9(4): 896-924

iliskisi oldugu, Giiney Kore, Japonya ve ABD i¢in LNHD2 ve LNMCS2 degiskenleri arasinda
nedensellik iliskisi olmadig1 goriilmektedir.

Tablo 12. insani Gelismislik ve Mobil Hiicresel Abonelikleri Arasindaki Konya Nedensellik
Testi Sonuglari (2000-2021 Dénemi)

H,: LNMCS2, LNHD2’nin nedeni degildir
Ulke Wald ist. Boot. Kr. Deg.

%1 %5 %10 Sonug
Norv. 6.454 14.1 10.5 8.48 Inmcs#Inhd
G.Kore 6.727 41.5 30.0 24.6 Inmcs#Inhd
Japon. 0.047 4.69 2.95 2.29 Inmcs#Inhd
Isvig. 8.649 38.7 314 27.9 Inmcs#Inhd
ABD 7.961 22.9 18.5 16.0 Inmcs#Inhd
Alman. 8.2*** 16.3 9.27 7.21 Inmcs—Inhd
Panel 9.821[0.632]

Hy: LNHD2, LNMCS2’nin nedeni degildir

Ulke Wald ist. Boot. Kr. Deg. Sonug

%1 %5 %10
Norv. 7.9 ** 3.13 1.87 1.30 Inhd—Inmcs
G.Kore 0.429 254 17.7 14.6 Inhd#1nmcs
Japon. 0.074 8.50 5.78 4.58 Inhd=#Inmcs
Isvig. 3.41** 4.48 2.39 1.73 Inhd—Inmcs
ABD 2.014 6.70 3.83 291 Inhd+1nmcs
Alman. 2.079 14.7 8.02 6.43 Inhd#Inmcs
Panel 12.632[0.396]

Not: * ** *** girasiyla %1, %5, %10 anlamlilik diizeyini gostermektedir.

Insani gelismislik ve internet kullanan bireylerin niifus icindeki pay: arasindaki Konya
nedensellik testi sonuglar1 Tablo 13°te goriilmektedir.

Tablo 13. insani Gelismislik ve internet Kullanan Bireylerin Niifus icindeki Pay1 Arasindaki
Konya Nedensellik Testi Sonugclar: (2000-2020 Dénemi)
Hy: LNINT2, LNHD2’nin nedeni degildir

Ulke Wald ist. Boot. Kritik Deg. Sonug
%1 %5 %10
Norv. 14.4** 14.1 9.68 7.81 Inint—Inhd
G. Kore 5.334 12.8 8.14 6.04 Inint#Inhd
Japon. 0.266 3.19 1.79 1.17 Inint#Inhd
Isvig. 7.906 14.1 10.5 8.99 Inint#Inhd
ABD 2.818 13.8 8.97 7.05 InintInhd
Alman. 1.453 18.0 8.94 6.65 InintInhd
Panel 21.798[0.040] Panel
H,: LNHD2, LNINT?2’nin nedeni degildir
Ulke Wald ist. Boot. Kritik Deg. Sonug
%1 %5 %10
Norv. 14.3** 6.98 3.95 3.10 Inhd—Inint
G. Kore 13.2%* 13.7 8.24 6.78 Inhd—Inint
Japon. 0.256 6.51 3.32 2.38 Inhd=Inint
Isvig. 3.913 8.31 5.43 4.47 Inhd=Inint
ABD 6.857 15.3 9.76 8.37 Inhd=Inint
Alman. 0.004 15.4 7.98 5.64 Inhd=Inint
Panel 30.617[0.002] Panel

Not: *, ** *** girasiyla %1, %5, %10 anlamlilik diizeyini gostermektedir.
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Tablo 13’te yer alan bulgulara gére Norveg igin %5 anlamlilik diizeyinde LNHD2 ve
LNINT?2 degiskenleri arasinda ¢ift yonlii nedensellik iligskisi bulunmaktadir. G. Kore i¢in %5
anlamlilik diizeyinde LNHD2'den LNINT2'ye dogru tek yonlii nedensellik iligkisi oldugu
bulunmaktadir. Japonya, Isvigre, ABD ve Almanya icin LNHD2 ve LNINT2 degiskenleri
arasinda nedensellik iliskisi olmadig: tespit edilmistir.

Tablo 14’te verilen sonuglara gore; Norve¢ ve ABD icin %10 anlamlilik diizeyinde
LNFBS2'den LNHD2'ye tek yonlii nedensellik iliskisi oldugu, G. Kore i¢in %5 anlamlilik
diizeyinde ve Almanya icin %10 anlamlilik diizeylerinde LNHD2'den LNFBS2'ye dogru tek
yonlii nedensellik iligkisi oldugu, Japonya igin %5 ve %10 anlamlilik diizeylerine gére LNHD2
ve LNFBS2 degiskenleri arasinda ¢ift yonlii nedensellik iliskisi oldugu, Isvicre icin degiskenler
arasinda nedensellik iligkisi olmadig1 bulgusu elde edilmistir.

Tablo 14. insani Gelismislik ve Sabit Genis Bant Aboneliklerini Arasindaki Konya

Nedensellik Testi Sonuglar: (2000-2020 donemi)

H,: LNFBS2, LNHD2’nin nedeni degildir
Bootstrap Krit. Deg.

Ulke

Wald Ist. %1 %5 %10 Sonu¢
Norv. Q.7%** 14.9 10.9 9.20 Infbs—Inhd
G. Kore 1.211 8.64 6.42 5.0 Infbs+Inhd
Japon. 62.71** 34.5 21.8 16.1 Infbs—Inhd
Isvig. 1.581 10.5 8.35 7.02 Infbs#Inhd
ABD 4,9%** 7.5 5.27 4.28 Infbs—Inhd
Alman. 1.329 18.2 12.2 9.26 Infbs#Inhd
Panel 24.775 [0.016]

H,: LNHD2, LNFBS2’nin nedeni degildir

Ulke . Bootstrap Krit. Deg.

Wald Ist. %1 %5 %10 Sonu¢
Norv. 0.278 7.51 3.28 241 Inhd#Infbs
G. Kore 126.7** 15.0 9.46 7.10 Inhd—Infbs
Japon. 4.5%** 14.2 7.45 4.48 Inhd—Infbs
Isvig. 1.423 3.67 1.84 1.44 Inhd#Infbs
ABD 2.739 6.84 3.91 3.06 Inhd=Infbs
Alman. 11.5%** 17.0 11.9 8.78 Inhd—Infbs
Panel 20.311 [0.061]

Not: * ** *** girasiyla%1, %5, %10 anlamlilik diizeyini gostermektedir.

Calismadan elde edilen bulgulara gére Grup 2 iilkeleri i¢in; 1) Giliney Kore ve Japonya’da
LNHD2 ve LNFTS2 arasinda cift yonlii, ii) Norveg, Isvigre ve Almanya i¢in LNHD2'den
LNFTS2'e dogru tek yonli, iii) Almanya’da LNMCS2'den LNHD2'ye dogru tek yonli, vi)
Norveg ve Isvigre’de LNHD2'den LNMCS2'e dogru tek yonlii, v) Norveg’te LNHD2 ve LNINT?2
arasinda ¢ift yonlii, vi) G. Kore i¢in LNHD2'den LNINT2'ye dogru tek yonlii, vii) Norveg ve
ABD’de LNFBS2'den LNHD2'ye tek yonlii, viii) G. Kore ve Almanya igin LNHD2'den
LNFBS2'ye dogru tek yonli, ix) Japonya i¢in LNHD2 ve LNFBS2 degiskenleri arasinda g¢ift
yonlii nedensellik iligkisi oldugu sonucuna ulagilmstir.

6. Politika Tartismalari

Bu c¢alismada dijitallesme ve kalkinma iliskisi incelenmistir. Calismada iilkeler dogal
kaynak bakimindan zengin tilkeler ile kalkinma diizeyi yiiksek olan iilkeler olmak tizere iki gruba
ayrilarak incelenmistir. Analizde iilkelerin 2000-2021 doénemi dijitallesme ve kalkinma verileri
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kullanilmistir. Degiskenler arasindaki iligki yatay kesit bagimlilig1 testleri, homojenlik testleri ve
Konya (2006) nedensellik testi kullanilarak analiz edilmistir. Calismada kalkinma gostergesi
olarak insani gelisme endeksi, dijitallesme gostergesi olarak sabit telefon abonelikleri (100 kisi
basina), mobil hiicresel abonelikleri (100 kisi basina), internet kullanan bireylerin pay1 (niifusun
%), sabit genis bant abonelikleri (100 kisi basina) kullanilmustir. Literatiirde yapilan ¢alismalarin
biiyiikk bir boliimiinde ekonomik biiyiime ve teknolojik gelisme arasindaki iligki iizerine
odaklanilmistir. Bu ¢alismada ise dijitallesme ve kalkinma iliskisi ele alinarak literatiire katki
saglamak amaglanmustir.

Calismadan elde edilen bulgular dogrultusunda analize dahil edilen iilkelerdeki dijitallesme
ve kalkinma arasindaki nedensellik iligkisi degerlendirildiginde; i) Dijitallesme ve kalkinma
arasindaki nedensellik iligkisi Grup 1 iilkelerinde Grup 2 iilkelerine gore goreceli olarak diisiiktiir.
Diger bir ifadeyle dogal kaynak bakimindan zengin olan Grup 1 iilkelerinde dijitallesme ve
kalkinma arasindaki nedensellik iligkisi Grup 2 iilkelerine gére daha az sayidadir. ii) Grup 2
iilkelerinde iilke bazinda dijitallesme gostergeleri ve kalkinma gostergesi arasinda daha ¢ok
nedensellik iliskisi tespit edilmistir. Grup 1 iilkelerinde dijitallesmenin kalkinmay1, kalkinmanin
da dijitallesmeyi, Grup 2 iilkelerine gore daha az etkilemesi bu lilkelerdeki petrol zenginliginin
refaht beklenilen boyutta artirmadigini gostermektedir. Diger bir ifadeyle dogal kaynak
bakimindan zengin olan Grup 1 iilkeleri agisindan bu dogal kaynak tistiinliigiiniin dijitallesme ve
kalkinma iliskisi tizerinde ¢ok etkili olmadigi yoniindedir. Elde edilen bu bulgu Grup 1 ilkeler
icin kaynak laneti hipotezini destekler niteliktedir. Kalkinma diizeyi yiiksek olan Grup 2 iilkeleri
i¢in ise dijitallesme ve kalkinma iligkisinin daha kuvvetli oldugu tespit edilmistir. Grup 2 {ilkeleri
icinde yer alan Norve¢ ve ABD hem kalkinma diizeyi yiliksek hem de dogal kaynak bakimindan
zengin olan {ilkelerdir. Bu {ilkelerin bulgular1 dikkate alindiginda Norveg icin dogal kaynak
lanetinin gegerli olmadig1 sOylenebilir. Norve¢'in zengin dogal kaynaklari yaninda, ekonomik
dontisiimiinde iyi egitimli insan sermayesi etkili olmaktadir. Ayn1 zamanda Norveg kaliteli siyasi
ve hukuki kurumlara sahip olan bir iilkedir. iii) Grup 2 iilkelerinden elde edilen nedensellik
bulgulart nedensellik yoniiniin agirlikli olarak kalkinmadan dijitallesmeye dogru oldugu
yoniindedir. Diger bir ifadeyle bu iilkelerde kalkinmanin dijitallesmeyi olumlu yonde etkiledigi
sonucuna ulagilmigtir. Bu sonucun elde edilmesinde bu iilkelerde dijitallesme igin gerekli
altyapilarin saglanmis olmasi, ar-ge i¢in yapilan harcamalarin yiiksek olmasi, kalkinma diizeyi
yiikseldik¢e hanehalkinin dijital teknolojilere yonelik taleplerinin artmasi gibi faktorlerin etkiligi
oldugu sdylenebilir. Calismadan elde edilen bulgular literatiirde dijitallesme ve kalkinma iligki
ile ilgili olarak daha 6nce yapilmis olan Hardy (1980), David (2019), Altay Topgu (2021), Zhang
vd. (2021), UNCTAD (2021), Akyol vd. (2023) calismalarin sonuglari ile benzerlik
gostermektedir. Dijitallesme ve ekonomik kalkinma iligkisinin ortaya konulmasi politika yapicilar
agisindan Onem gostermektedir. Dijitallesme konusunun ekonomik kalkinma kapsaminda
kalkinma politikalarinda yer almasi toplum refahinin artiritlmasinda etkili olacaktir.

7. Sonucg

Endiistri 4.0 ile baglayan teknolojideki hizli doniisiim dijitallesme kavramini 6nemli hale
getirmistir. Giiniimiizde dijitallesmenin ekonomiler ve sosyal yasam lizerindeki etkileri hem
gozlemlenmekte hem de hissedilmektedir. Dijitallesmenin ekonomi tizerinde tiretimi, ticareti ve
istihdami artirma, maliyetleri diisiirme, hizmet kolaylig1 saglayarak zaman tasarrufu saglama gibi
olumlu etkileri oldugu kabul edilmektedir. Teknolojik gelismenin saglamis oldugu dijitallesme
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ekonomik biiyiime ve ekonomik kalkinmanin Onemli unsurlar1 arasinda yer almaktadir.
Dijitallesmenin ve dijitallesme siirecinin insan yasamini daha kolay ve daha kaliteli hale getirmesi
dijitallesme kavramini kalkinma ile yakindan iligkilendirmektedir.

Ulkelerin ekonomik kalkinma diizeylerinin yiikselmesi insanlarin yasam standartlarini
iyilestirmektedir. Ozellikle ekonomik biiyiime tarafindan desteklenen ekonomik kalkinmanin
iilke refahini artirdig1 gézlemlenmektedir. Bununla birlikte ekonomik kalkinmay1 desteklemeyen
ekonomik biiyiime ise gerilemeye neden olabilmektedir. Bu durum literatiirde “Kalkinmasiz
Biiytime” kavrami ile aciklanmaktadir. Kalkinmasiz biiylime genellikle dogal kaynak
bakimindan, 6zellikle petrol bakimindan, zengin olan iilkelerde karsilagilan bir durumdur. Zengin
dogal kaynaga sahip olmak baslangicta avantaj gibi goriilse de bu iilkelerde kaynaklarin dogru
alanlara aktarilmamasi, yerli lretimin diisiik olmasi, siyasi bosluklar, gelir dagilimindaki
adaletsizlik, egitim diizeyindeki diistikliik, ekonomik ve politik seffafligin az olmasi gibi faktorler
bu avantaji dezavantaja doniistiirmektedir. Ulkede gerekli kosullarm saglanamamasi ise
kalkinmanin 6niinde engel olusturmaktadir. Kalkinmasiz biiylimenin gozlemlendigi tilkeler
agirlikli olarak dogal kaynak laneti ile iligkilendirilmekte ve dogal kaynak laneti dogal kaynak
zenginliginin ekonomi, politika ve sosyal yasam iizerindeki refahi azaltan olumsuz etkileri ile
agiklanmaktadir.

Dogal kaynak bakimindan zenginligin ve bu kaynak iistiinliigtiniin belirli ekonomiler i¢in
ekonomik biiyiime {izerinde olumlu etkisi oldugu sdylenebilir. Ornegin, Norveg ve ABD biiyiik
dogal kaynak rezervlerine sahip olup bir¢ok dogal kaynak zengini gelismekte olan iilkeden farkl
olarak dikkate deger bir ekonomik biiyiime performans: gostermistir. Ozellikle Norveg'in
ekonomik doniistimiinde zengin dogal kaynaklar1 yaninda, iyi egitimli insan sermayesi, kaliteli
siyasi ve hukuki kurumlara sahip olmasi etkili olmustur. Calismadan elde edilen bulgulara gore
dogal kaynak bakimindan zengin Grup 1 iilkelerinde dijitallesme ve kalkinma boyutu dikkate
alindiginda bu dogal kaynak zenginliginin kalkinma {izerinde olumlu etkisinin sinirli diizeyde
kaldigi gozlemlenmistir. Genel olarak c¢alismanin sonuglart UNCTAD (2021) tarafindan
belirtildigi gibi kalkinmasi yiiksek diizeyde olan {ilkelerin dijitallesme olanaklarindan ileri
diizeyde faydalanirken az gelismis iilkelerin dijitallesme olanaklarindan istenildigi gibi fayda
saglayamadig1r goriisiinii desteklemektedir. Bu iilkelerde dogal kaynaklardan elde edilen
gelirlerin, beseri sermaye yatirimlarinda, dijitallesme alt yapisi ve dijital doniisiimde, arastirma
ve gelistirme yatirimlarinda kullanilmasi, kurumsal faktdrlerin iyilestirilmesi kalkinmay1 olumlu
yonde etkileyerek refah diizeyini yiikseltecektir. Refahta yasanan artis ise dijitallesme siirecini
olumlu yonde etkileyecektir. Bu ¢alismanin kisit1 dijitallesme ve kalkinma iligkisi analiz edilirken
siirlt sayidaki iilkenin bilgi ve iletisim alt yapisi gostergeleri dikkate almmustir. Diger
caligmalarda beseri sermaye yatirimlari, saglik harcamalari, demokrasi, yolsuzluk, kurumsallik
gibi degiskenlerin analize dahil edilmesi ve iilke grubunun genisletilmesi faydali olacaktir.

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 Orani1 Beyani
Yazarlar makaleye esit oranda katki saglamig olduklarini beyan eder.

Arastirmacilarin Cikar Catismasi Beyam
Bu ¢alismada herhangi bir potansiyel ¢ikar ¢atigsmasi bulunmamaktadir.
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S. Basar & N. Topalli, “Dijitallesme ve Dogal Kaynak Laneti Yaklasimi iliskisi: OAPEC Ulkeleri”

THE RELATIONSHIP BETWEEN DIGITALIZATION AND THE NATURAL
RESOURCE CURSE APPROACH: OAPEC COUNTRIES

EXTENDED SUMMARY

Purpose of the Study

Technology is one of the important tools in the transformation of societies, and it is
considered that one of the main differences between developed and underdeveloped countries is
the difference in technology level. The production and use of technology accelerate the
digitalization process and increase the quality of human life. The increase in the quality of life is
closely related to economic development. This has made the concept of digitalization an important
issue for all countries. However, the effects of digitalization on the economy and society may
differ according to country. The effects of digitalization on development are among the issues
discussed today

Natural resource wealth affects the economy directly and indirectly. It is generally accepted
that natural resources have positive effects on the economy. However, in some cases, having rich
natural resources may create disadvantages for countries. In these countries, failure to transfer
capital accumulation to other sectors leads to a socio-economic decrease in society. In the
literature, this situation is referred to as the ‘natural resource curse’. Whether having rich natural
resources increases the welfare and wealth of a country is a controversial issue. In particular,
whether this resource advantage of countries rich in natural resources is effective on the
digitalisation and development process.

The number of studies examining the relationship between digitalization and development
by considering the natural resource factor is limited. This study aims to contribute to the literature.
The first objective of this study is to analyze the relationship between digitalization and economic
development. The other aim of the study is to determine the relationship between digitalization
and development in countries with relatively abundant oil (relatively low development levels) and
countries with relatively high development levels. In other words, it is to determine whether
natural resource superiority is effective in the digitalization and development process.

Literature

The determination of digitalization and economic growth is important for the literature.
Most of the studies in the economics literature have examined the issue within the scope of
digitalization and economic growth (Tiiredi, 2012; Isik and Kiling, 2013; Kose and Sentiirk, 2017;
Niebel, 2018; Aykir1 and Bulut, 2018; Lazanyuk and Revinova, 2019; David, 2019; Solomon and
Klyton, 2020; Myovella et al., 2020; Kasa, 2020, Lazovic et al., 2022; Gomes et al., 2022; Akyol
et al., 2023). In these studies, a positive relationship was found between the variables. In another
group of studies (Topdag, 2021; Haciimamoglu, 2021; Camkaya, 2023), the natural resource
curse approach was examined for various countries. One of the first studies on digitalization and
economic development is Hardy (1980) and there are studies on the subject in the literature (Torun
et al., 2009; Ozer and Unlii 2010; David, 2019; Mamedov et al. 2019; Aly, 2020; Altay Topcu,
2021; Iyigﬁngér, 2002; Zhang et al., 2021; Behera and Sahoo, 2022).
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Methodology of the Study

The relationship between the variables in the study was analyzed using the Konya (2006)
causality test. In the study, countries are analysed by dividing them into two groups Group 1 and
Group 2. In the study, the 2000-2021, 2000-2020, and 2002-2021 periods of the relevant countries
were taken into consideration according to the availability of data. In the study, the Human
Development Index (LNHD) was used as a development indicator. Digitalization indicators
include fixed telephone subscriptions (per 100 people) (LNFTS), mobile cellular subscriptions
(per 100 people) (LNMCS), fixed broadband subscriptions (per 100 people) (LNFBS), number
of people using the Internet (% population) (LNINT) variables.

Main Findings of the Study

Group 1 countries i) Unidirectional causality from LNFTS1 to LNHD1 for Saudi Arabia,
ii) Bidirectional causality between LNMCS1 and LNHD1 for Saudi Arabia and Bahrain, iii)
Unidirectional causality from LNHD1 to LNMCS1 for the UAE, iv) Unidirectional causality from
LNINT1 to LNHD1 for Saudi Arabia, v) Unidirectional causality from LNFBS1 to LNHD1 for
Bahrain, vi) For Qatar, a unidirectional causality relationship was found from LNHDL1 to
LNFBS1. According to the findings of the study, for Group 2 countries; i) bidirectional
relationship between LNHD2 and LNFTS2 in South Korea and Japan, ii) unidirectional from
LNHD2 to LNFTS2 in Norway, Switzerland, and Germany, iii) unidirectional from LNMCS2 to
LNHD2 in Germany, vi) Unidirectional from LNHD2 to LNMCS2 in Norway and Switzerland,
v) Bidirectional between LNHD2 and LNINT2 in Norway, vi) LNHD2 to LNINT2 for S. Korea,
vii) LNFBS2 to LNHD2 for Norway and USA, viii) LNHD2 to LNFBS2 for S. Korea and
Germany, ix) It is concluded that there is a bidirectional causality relationship between LNHD2
and LNFBS2 variables for Japan.

Results

When the causality relationship between digitalization and development in the countries
included in the analysis is evaluated: i) The causal relationship between digitalization and
economic development is relatively lower in Group 1 countries than in Group 2 countries. ii) In
Group 2 countries, a causality relationship was found between country-based digitalization
indicators and development indicators. This shows that the resource curse hypothesis is valid for
Group 1 countries. In other words, the fact that digitalization affects economic development and
development affects digitalization less in Group 1 countries than in Group 2 countries shows that
oil wealth in these countries does not increase welfare to the expected extent. The findings suggest
that this natural resource superiority is not very effective on the relationship between digitalization
and development for Group 1 countries, which are rich in natural resources, while the relationship
between digitalization and development is stronger for Group 2 countries, which are not rich in
natural resources. iii) The causality findings obtained in Group 2 countries suggest that the
causality relationship from development to digitalization is relatively higher. In other words, it is
concluded that development positively affects digitalization in these countries.

In resource-rich countries, the use of income from natural resources in human capital
investments, digitalization infrastructure and digital transformation, research and development
investments, and the improvement of institutional factors will positively affect development and
increase the level of welfare.
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