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PREFACE
Dear Colleagues,

We are pleased to welcome you to the 22nd International Symposium on Econometrics,
Operations Research and Statistics, which will be organized by Kiitahya Dumlupinar University
at Ramada Hotel in Podgorica, Montenegro, from 24 to 28 September 2025. EYI’2025 is dedicated
to fostering the exchange of knowledge, innovative ideas, and discussions on the latest
advancements in the fields of Econometrics, Statistics and Operations Research and related topics.
This conference will provide a valuable platform for esteemed academicians, scholars, and
researchers to connect, collaborate, and interact with peers from both national and international
arenas.

Prof. Dr. Mahmut ZORTUK
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3. Goz Yaklasimi ve Esmer 5'li ile istatistiksel Veri Analizi ve 6 Sigma
Erkan ISIGICOK (Corresponding Author)'

(Agtlis Sunumu)

Acimasiz rekabet kosullarinin yasandigi is diinyasinda karar vermek i¢in farkli bir bakis agisina
ihtiyag vardir. Bu bakis acisi, firmalarin rakiplerine karsi avantaj saglamalidir. Bu amagla,
firmalarin alacaklari kararlar1 cagimizin petrolii olarak adlandirilan verilere dayandirmalar gerekir.
Giivenilir verilere dayandirilarak alinacak kararlarin da giivenilir olacagi ve karar vericilerin
etkinligini artiracagi agiktir. Diger taraftan, verilerin analiz edilmesinde uygun istatistiksel
tekniklerin kullanilmasi da son derece onemlidir. Diger bir deyisle, her verinin yapisina ve
aragtirmanin amacina uygun istatistiksel teknigin secilmesi ¢ok dnemlidir. Bir diger 6nemli konu
da istatistiksel paket programi veya yaziliminin se¢imidir. Her yazilim arastirmasinin istedigi
analizleri yapmamakta, hatta ayni analizler i¢in farkli programlarin kullandiklar formiiller ve/veya
algoritmalar nedeniyle, elde edilen sonuglar da farkli ¢ikabilmektedir. S6z konusu yazilimlarin
S'inin birlesimi olan ESMER 5'li kullanilabilir. Burada esmer kavraminin bir anlam1 olmayip
sadece hatirlanmasi kolay olacak sekilde programlarin dizilisini ifade etmektedir. O halde, ESMER
5'li swrastyla Excel, SPSS, Minitab, Eviews ve R programlara kars1 gelmektedir. Sempozyum
acilis konusmasinda yapilacak olan bu sunum, gen¢ akademisyenlere istatistiksel bakis agisini
kazandirmanim ve igiincli gdz yaklagimina iliskin istatistiksel program uygulama o6rneklerinin
yanisira, uluslararas1 yaym iiretme acgisindan geng akademisyenlere farkli bir bakis acisini da
kazandirmayi amaglamaktadir. Bu amagla, oncelikle s6z konusu istatistiksel programlarin her
birinden se¢ilecek bazi uygulamalar yapilarak {igiincii goz istatistik ve 6 sigma baglantis1 kurulacak
ve bu programlarin teknik 6zellikleri ve {istlinliikleri karsilagtirilacaktir. Daha sonra, uluslararasi
yaym lretmede {iglincii g6z istatistik yaklasiminin nasil kullanilacag: irdelenecektir.

Anahtar Kelimeler: Ugiincii g0z istatistik, alt1 sigma, Excel, SPSS, Minitab, Eviews, R.

1. eris@uludag.edu.tr, Bursa Uludag University
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Understanding Career Decision-Making Difficulties Using Machine Learning Based
Algorithms

Onur BARCA (Corresponding Author)', Mine Aydemir DEV? Nuran Bayram ARLI?

Making a career decision is an important and challenging process for many people. University
students, in particular, face various difficulties when making career decisions. The impact of wrong
career choices can extend to students' work environments and relationships with important people
in their social circles, making this process stressful. Overcoming these difficulties is an important
starting point in career planning for university students. This study aims to determine whether
university students experience difficulties when making career decisions. The study analysed
psychological and cognitive factors, considering personality traits, decision-making styles, and
career decision-making difficulties. The Python programming language was used for data analysis,
and 14 different machine learning classification algorithms. In the analysis, the logistic regression
model, which demonstrated high accuracy, AUC, F1, and MCC values in both the training and test
data sets, was identified as having the best classification performance. Furthermore, the features
that stood out in the logistic regression model according to variable importance were identified as
lack of information, inconsistent information, responsibility, and spontaneity. The findings reveal
that the difficulties in the career decision-making process are primarily determined by cognitive
factors, while decision-making styles and personality traits play a secondary role. The results
obtained indicate that initiatives aimed at increasing cognitive awareness and supporting decision-
making skills should be prioritised in career counselling and guidance practices.

Keywords: Machine learning algorithms, career decision-making difficulties, personality traits,
decision-making styles

Support / sponsor note: This study was supported by the Scientific Research Projects Unit of Bursa
Uludag University (Project Number: SGA-2025-2028).

1. onurbarca@uludag.edu.tr, Bursa Uludag University
2. mineaydemir@uludag.edu.tr, Bursa uludag University

3. nuranb@uludag.edu.tr, Bursa Uludag University
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When She Earns More: Gender Identity and Marriage Rates in Tiirkiye
Fulden KOMURYAKAN (Corresponding Author)'

Understanding how gender identity, as reflected in relative economic outcomes, influences men’s
marriage rates is essential for analyzing marriage-market dynamics, yet empirical evidence remains
limited. This study addresses this gap by analyzing nationally representative microdata from 2014
and 2023 in Tiirkiye, covering 144 marriage markets defined by age, education, and region. Two
indicators of women’s economic position are used for gender identity: the probability that a woman
out-earns a man, and women’s income share. Their associations with men’s marriage rates are
estimated using fractional response models, offering a more methodologically robust approach than
conventional linear models for the bounded dependent variables. Applying several symmetric and
asymmetric link functions, specification tests identify the asymmetric log-log link as the best-fitting
functional form in both years. The 2014 results indicate that a one-unit increase in the share of
women who out-earn men is associated with a nine-percentage-point decline in men’s marriage
rates, while women’s income share is not statistically significant. By 2023, this pattern reverses:
the effect of women out-earning men becomes statistically insignificant, while a higher women’s
income share is associated with a nineteen-percentage-point decline in men’s marriage rates. These
findings suggest a behavioral shift—from categorical resistance to female economic advantage
toward increased sensitivity to the degree of women’s financial dominance.

Keywords: gender identity, marriage market, relative income, fractional response models, Tiirkiye

1. fkomuryakan@bandirma.edu.tr, Bandirma Onyedi Eyliil University
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Socioeconomic Background and Migration in Explaining School Effectiveness: A Bayesian
HLM Analysis with TIMSS 2023

Derya TOPDAG (Corresponding Author)'

This study examines school effectiveness using Bayesian two-level hierarchical linear modelling
(HLM), based on TIMSS 2023 Turkey 8th-grade data—the first international assessment conducted
after the COVID-19 pandemic. Due to the relatively small number of immigrant students in the
sample, Bayesian multilevel modelling was preferred over classical estimation methods. This
approach provides more stable estimates by reducing parameter uncertainty for small subgroups
through the use of posterior distributions. The analysis explored the effects of school
socioeconomic composition, academic climate, and teacher characteristics on student achievement
while controlling for student-level variables such as home educational resources (HER) and
immigrant status. The findings reveal that HER has a strong and statistically significant effect on
student achievement, with this effect varying across schools. Immigrant students systematically
demonstrated lower levels of achievement, and the magnitude of this effect differed depending on
the school context. At the school level, academic emphasis (AE) significantly increased
achievement in both mathematics and science. In contrast, school socioeconomic composition
(OSES) and teacher job satisfaction (TJS) did not show statistically significant effects, while
teacher experience (EXP) exhibited a small but significant negative association. Approximately
one-quarter (26-28%) of the total variance in achievement was attributable to between-school
differences. Including student-level variables such as HER and immigrant status in the model
explained more than half of this between-school variance. This suggests that school-level
differences in achievement are largely shaped by student composition, particularly individual-level
factors such as access to educational resources at home and immigrant background—both of which
exert effects that differ depending on the school environment. In light of the strong effect of home
educational resources (HER) on student achievement, particularly in explaining between-school
variance, policy measures should prioritise the provision of basic learning materials and digital
access to students from low-resource households. Moreover, targeted language support and
inclusion programs are essential for immigrant students, whose achievement outcomes remain
consistently lower and context-dependent.

Keywords: Student Achievement, TIMSS, Socioeconomic Background, Immigrant
Students,Bayesian Hierarchical Linear Modeling

1. dtopdag@bandirma.edu.tr, Bandirma Onyedi Eyliil Universitesi
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A Two-Stage Bin Packing Algorithm for Minimizing Machines and Operators in Cyclic
Production Systems

Baruch KEREN (Corresponding Author)', Yossi HADAD?

This study presents a novel, two-stage algorithm that minimizes the number of machines and
operators required to produce multiple product types repeatedly in cyclic scheduling. Our algorithm
treats the problem of minimum machines as a bin packing problem (BPP), and the problem of
determining the number of operators required is also modeled as the BPP, but with constraints. The
BPP is NP-hard, but with suitable Heuristic algorithms, the proposed model allocates multiple
product types to machines and machines to operators without overlapping setup times (machine
interference). The production schedule on each machine is represented as a circle (donut). By using
lower bounds, it is possible to assess whether the number of machines required by our model is
optimal; if not, the optimality gap can be quantified. The algorithm has been validated using real-
world data from an industrial facility producing 17 types of products. The results of our algorithm
led to significant cost savings and improved scheduling performance. The outcomes demonstrate
the effectiveness of the proposed algorithm in optimizing resource utilization by reducing the
number of machines and operators required. Although this study focuses on a manufacturing
system, the model can also be applied to other contexts. The proposed approach offers an effective
decision-support tool for planners in resource-constrained production environments.

Keywords: algorithm; bin packing problem (BPP); integer linear programming (ILP);first fit
decreasing algorithm (FFD); cyclic scheduling

1. baruchke@sce.ac.il, SCE - Shamoon College of Engineering

2. yossi@sce.ac.il, SCE - Shamoon College of Engineering
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Allocation of Risk Mitigation Budgets in Projects: A Multi-Criteria Simulation-Based
Optimization Approach

Yossi HADAD (Corresponding Author)', Baruch KEREN?

Projects are exposed to risks that may hinder their success regarding cost, schedule, and
quality/content. After identifying these risks, the project manager must select a subset for
mitigation, constrained by a limited risk response budget. The problem lies in the uncertainties
surrounding risk realization, their impact on the project’s parameters, and the outcomes of the risk
response plan. This paper proposes a method for allocating the risk—response budget to mitigate
project risks. The method begins with a Monte Carlo simulation to assess each risk’s impact and
residual impact post-mitigation. These simulation results are the input for mathematical
programming calculations, determining the optimal budget allocation among the risks based on
various objective functions (e.g., maximizing expected net savings or minimizing variance). Each
objective function can yield a different optimal budget allocation, so the final step involves
weighing all results to make a conclusive decision. The proposed method allows decision-makers
to select or weigh multiple objective functions according to their preferences. This enables
decision-makers to select a single objective function that aligns with their strategic goals or weigh
multiple objective functions to make a more balanced decision. Finally, the method can
accommodate sensitivity analysis, thus enabling decision-makers to identify the set of risks that
would receive a response if the budget were increased or decreased. A case study illustrates the
proposed method.

Keywords: Project risk management; budget optimization; Monte Carlo simulation; integer linear
programming; multi-criteria decision-making
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Analysis of the Causal Relationship Between Economic Freedom and National Income in
European Union Countries

Cagin KARUL (Corresponding Author)'

This study investigates the causal relationship between economic freedom and per capita income
in European Union countries using panel data techniques. Economic freedom refers to an
institutional setting where individuals are free to engage in voluntary transactions and property
rights are protected against arbitrary state interference. A vast body of empirical literature shows
that higher levels of economic freedom stimulate economic growth by enhancing capital
accumulation, attracting investment, increasing entrepreneurial activity, and facilitating
international trade. Moreover, efficient institutions improve resource allocation and help sustain
long-term development. The analysis employs the Economic Freedom of the World Index
published by the Fraser Institute, focusing on its five major components: size of government, legal
system & property rights, sound money, freedom to trade internationally, and regulation. Given the
strong cross-sectional dependence observed among EU countries, the study utilizes a second-
generation panel causality test developed by Nazlioglu and Karul (2024), which builds upon the
PANIC (Panel Analysis of Nonstationarity in Idiosyncratic and Common components) approach.
The empirical findings reveal a bidirectional causality between the overall and all subcomponents
of economic freedom index and per capita income. The results indicate that economic freedom is
not only a driver of economic growth but also a dynamic institutional variable shaped by a country’s
level of economic development. The study highlights the importance of institutional reforms in
sustaining economic growth within the European Union.
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Belirsizlik Altinda Risklerin Degerlendirilmesinde Diizeltme Faktorlii F-Entropi Agirhkh
2D-FAHP Yaklasim

Mehmet Kenan TERZIOGLU', Aysu YASAR (Corresponding Author)?

Karmagik veri yapilarn, belirsizlik ve ¢ok boyutlu risk unsurlarini igeren karar problemlerinde,
ozellikle dijital bilgi giivenligi alaninda, sistematik ve tutarliliga duyarli analiz yaklasimlarmin
kullanilmasini 6nemli olmaktadir. Belirsizligin yogun oldugu ortamlarda, ¢ok kriterli karar verme
(CKKYV) yontemleri, hem nicel hem de nitel verilerin biitiinciil bicimde degerlendirilmesine olanak
tanimaktadir. Bu g¢aligmada, ¢ok boyutlu ve belirsizlik igeren problemlerin analizinde karar
vericilerin 6znel yargilarindan kaynaklanan agirliklandirma tutarsizliklarimi azaltmaya yonelik
olarak Yasar ve Terzioglu (2025) yaklasim tanitilmaktadir. Ilgili yaklagimda, bulanik entropi
yontemine alt kriter sayisina duyarl bir diizeltme terimi entegre edilmekte; elde edilen agirliklar
ise yaklasim ¢ercevesinde kurgulanan iki boyutlu bulanik Analitik Hiyerarsi Prosesi (2D-FAHP)
ile entegre edilerek karar silirecine dahil edilmektedir. Alfa-kesme seviyelerine dayali tutarlilik
analizleri sonucunda belirlenen uygun alfa degeri ise alt kriterlerin iki boyutlu yapiya
indirgenmesinde referans olarak kullanilmaktadir. Kurgulanan yaklasim, hem yapisal hem de nicel
giivenilirligi artirmakta; modelin belirsizlik ortamlarinda daha esnek kararlar iiretmesine katki
sunmaktadir. Bununla birlikte, s6z konusu yaklasimda Hurwicz kriteri ile OCTAVE Allegro
metodolojisi iligkilendirilerek, kriterlerin riskli ortam kosullarina goére olusturulan goreli risk
matrisi lizerinden siralama diizeyiyle birlikte degerlendirmesi yapilmakta ve kararlarin daha tutarh
bicimde desteklenmesi saglanmaktadir. Bu biitiinlesik yapi, karar modellerine esneklik
kazandirmakla birlikte, risk tabanli analiz siireglerinin tutarliligina, uygulanabilirli§ine ve karar
verici agisindan yorumlanabilirligine de katki saglamaktadir.
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Government Effectiveness in the Context of Taxation, Institutions, and Corruption: A
Dynamic Panel Data Analysis on G20 Countries

Zerife YILDIRIM (Corresponding Author)', Emine YONEY?, Ebru BILGIN?

The sustainability of tax revenues and the functional quality of institutional structures play a
decisive role in the capacity of governments to effectively implement public policies. Government
effectiveness is a fundamental indicator of governance performance, both in terms of the utilization
of fiscal capacity and the efficiency of institutional arrangements. This study analyzes the fiscal
and institutional factors affecting government effectiveness in selected G20 countries for the period
2000-2023. The variables examined include the ratio of tax revenues to GDP, control of corruption,
political stability, voice and accountability, and the rule of law. The effects of these indicators on
government effectiveness are estimated using the Two-Step System Generalized Method of
Moments (System GMM) developed by Arellano-Bover/Blundell-Bond (1998). According to the
findings, no statistically significant direct relationship was identified between the tax-to-GDP ratio
and government effectiveness. This suggests that fiscal capacity alone is not sufficient to improve
governance performance. The lagged value of government effectiveness is statistically significant
and positively signed, indicating persistence in governance performance over time. In terms of
institutional factors, improvements in the rule of law have a strong and positive effect on
government effectiveness. Likewise, progress in controlling corruption significantly enhances
government effectiveness. On the other hand, no statistically significant relationship was found
between government effectiveness and the variables of political stability and voice and
accountability.

Keywords: System Generalized Method of Moments, Tax Revenues, Government Effectiveness,
Control of Corruption, Institutional Indicators
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Data-Driven Weighting of the Human Development Index Indicators: A Comparative
Analysis of Entropy, CRITIC, ECWM, MEREC, and LOPCOW Methods

Ceren Dirik AYVAZ (Corresponding Author)'

In multi-criteria decision-making problems, criterion weights play a pivotal role in capturing the
relative importance of each criterion, thereby influencing the decision-making process. In complex
decision-making contexts, objective weighting methods have gained increasing prominence, as
they utilize data-driven techniques that offer enhanced consistency, transparency, reproducibility,
and reduced bias, compared to subjective approaches. This study conducts a comparative analysis
of five outstanding objective weighting methods—Shannon Entropy, CRITIC, ECWM, MEREC,
and LOPCOW. By utilizing the Human Development Index (HDI) 2025 data, it is aimed to explore
the potential applications of objective weighting methods in evaluating human well-being. The
analysis focuses on four key HDI indicators: life expectancy at birth, mean years of schooling,
expected years of schooling, and gross national income per capita. All indicators are benefit-
oriented, and the scope of the analysis is limited to EU countries.
The results reveal that the assigned criterion weights differ substantially across methods. In terms
of the standard deviation, CRITIC (SD = 0.04) and LOPCOW (SD = 0.07) yield relatively balanced
distributions. In contrast, MEREC (SD = 0.15), ECWM (SD = 0.17), and Entropy (SD = 0.34)
produce more dispersed weight allocations, reflecting higher variability across the criteria.
Correlation analysis indicates a positive relationship among Entropy, ECWM, and MEREC,
suggesting similar weighting patterns. Conversely, CRITIC and LOPCOW exhibit weak or
moderate negative correlations with all others, highlighting their distinct approaches to evaluating
the importance of criteria. These findings suggest that the perceived importance of HDI
components varies considerably depending on the applied weighting method. Overall, this study
contributes to the literature on objective weighting by illustrating the methodological nuances and
implications of different techniques in the context of human development measurement. The
findings underscore the importance of reevaluating global indices, such as the HDI, using data-
driven approaches.

Keywords: Multi-Criteria Decision-Making, Objective Weighting, Human Development Index.
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The Impact of Trade Liberalization on Bilateral Trade Volumes: A Gravity Model Case for
Turkey

Ozgiir ENGELOGLU (Corresponding Author)'

Trade liberalization is widely regarded as a crucial step toward enhancing international trade
between countries. By reducing barriers to trade, liberalization policies are expected to improve
market access, increase efficiency, and stimulate bilateral trade flows. This study investigates the
impact of trade liberalization on the bilateral trade dynamics between Turkey and its trading
partners. In addition, moderating factors such as religious similarity and shared borders are
considered to assess whether they amplify or mitigate the effects of liberalization.
The empirical analysis employs the gravity model for the dependent variable, which is an indicator
of bilateral trade. Independent variables include such as the trade liberalization index, GDP,
population, trade volume, and government effectiveness. The panel dataset covers the period from
2004 to 2024 and includes 45 out of Turkey’s top 50 trading partners for which sufficient data is
available. A Fixed Effects Model is adopted to control for unobserved heterogeneity across
countries, and Driscoll-Kraay standard errors are used to correct for potential heteroskedasticity
and serial correlation. The results suggest that higher levels of trade liberalization significantly
enhance bilateral trade volumes. In addition, the GDP and international trade of the source country
and the population and government efficiency in the destination country also significantly affect
bilateral trade. However, the effects of religious similarity and shared borders are found to be
statistically insignificant in moderating this relationship.
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Machine Learning Approach with Data Modification for Stock Market Index Direction
Prediction

Berke KAYGISIZ (Corresponding Author)', Yeliz Mert KANTAR?

Abstract: Accurate prediction of the direction of stock market indices in financial markets is of
critical importance for investors and financial analysts in terms of both risk management and the
formulation of data-driven investment strategies. The uncertain, volatile and unpredictable nature
of the markets causes traditional statistical forecasting methods to be inadequate, which necessitates
the use of more advanced and flexible methods. In this context, this study proposes a
comprehensive forecasting model that incorporates various machine learning algorithms to predict
the direction of the stock market index with high accuracy. The methods used include Logistic
Regression, Random Forest and XGBoost algorithms. In the modelling process, data smoothing
techniques, time-based weighting approaches, structural break tests, technical indicator analyses
and extensive feature engineering steps are applied to improve the prediction success. Thanks to
these preprocessing steps, model inputs become more meaningful and prediction accuracy
increases. The study compares the performance of the developed machine learning models and
analyses the classification success. The results show that combining technical indicators with
statistical transformations significantly improves the prediction of market direction by machine
learning models. This improves the effectiveness of decision support systems in short-term
financial forecasting and offers important benefits for investors. Overall, the study presents an
approach that gives a solid framework for data science applications in economics and finance. This
allows for more informed and research-based investment decisions. When assessed for both
academic and practical use, this framework will also clarify future studies on forecasting market
direction.

Keywords: Machine learning, data preprocessing, structural break analysis, BIST100, index
direction prediction
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The Relationship Between Energy Poverty and Government Size: An Analysis of Emerging
Markets and Low-Income Economies

Nazmiye TEKDEMIR (Corresponding Author)', Abdulkadir BULUT?

Energy poverty is a multidimensional problem that refers to households' inability to access basic
modern energy services, such as clean cooking fuels and technologies, or their inability to afford
these services. Government policies, particularly public spending, address energy poverty by
funding clean energy solutions to mitigate health and environmental externalities. This study
examines the relationship between public spending and energy poverty in 96 emerging and low-
income economies from 2000 to 2022, controlling for GDP per capita and industrialization. Energy
poverty is measured by access to clean fuels and technologies for cooking (% of population), and
public spending is proxied by general government final consumption expenditure (% of GDP). We
apply the Method of Moments Quantile Regression (MMQR) to assess the varied impacts of public
spending across countries with differing energy poverty levels. Unlike mean-based regression,
MMQR captures heterogeneous effects across the full distribution, offering robust, policy-relevant
insights despite heteroscedasticity and non-normality in the data. Findings reveal a non-linear,
inverted U-shaped relationship between public spending and energy poverty across all quantiles.
Initial government spending significantly reduces energy poverty, but with diminishing returns.
This impact is strongest in the most energy-deprived countries, where public spending yields the
greatest marginal benefit. While the effect weakens as energy poverty declines, it remains
statistically significant. Higher income levels consistently reduce energy poverty, confirming the
importance of economic development, with stronger effects observed in high-energy poverty
contexts. In contrast, industrialization shows no significant effect, suggesting it does not directly
contribute to improved household energy access. These findings emphasize the effectiveness of
targeted public spending, particularly in contexts of extreme energy poverty. However, diminishing
returns indicate that, beyond a certain threshold, complementary strategies—such as improving
policy efficiency, leveraging private investment, and enhancing institutional capacity—are
essential for sustained progress.

Keywords: Energy Poverty, Government Size, Public Consumption Expenditures, Emerging and
Low-Income Economies, MMQREG
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Causal Relationship Between Price Bubbles: An Application to Energy Spot Prices
Verda Davasligil ATMACA (Corresponding Author)'

Crude oil is the largest energy commodity affecting long and short term economic indicators of
countries. Natural gas, due to its substitutability, is a market whose price can be significantly
affected by oil. In oil-gas markets, prices can deviate from their fundamentals, creating speculative
bubbles. The transmission of price bubbles is influenced by different pricing mechanisms in these
markets. The aim of this study is to analyze the causal relationship between price bubbles that occur
in oil-gas markets with different price formation processes. For this purpose, monthly data spanning
the period from 01.1982 to 06.2025 for WTI, Brent, Dubai Fateh, Henry Hub, TTF, and LNG
(Japan) were obtained from the World Bank. All analyses were conducted using R software.The
presence of price bubbles is detected using the Generalized Sup Augmented Dickey-Fuller
(GSADF) test, while causal interactions among bubbles are explored via Granger causality tests
based on BSADF statistics. The probability of a bubble transition between the oil-gas markets was
estimated using a logit model. According to the findings, WTI, Brent, and Dubai Fateh markets are
decisive for LNG (Japan).
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A Recurrent Fuzzy Neural Network Model for Forecasting Spanish Olive-Oil Market Prices
Suzan Kantarct SAVAS (Corresponding Author)'

Olive oil is an important agricultural food product. Spanish Agriculture Stock Market
Approach which protects Spanish olive oil producers and companies, is observed in this study.
Because Spanish Olive Oil Stock Market has a crucial manner for world’s olive oil market. The
traceability of prices for Spanish Olive Oil Stock Market has a key role for local and global olive
oil market. The market situation affects for the producers, exporters and importers of all over the
world. This study aims to construct a model for the forecasting the extra virgin olive oil prices on
Spanish Olive Oil Stock Market. POOLRed Data is used for the model. Fuzzy logic handles
complex and ambiguous information. In real life applications, neural network algorithm is
preferred to have better performance for predictive models. Fuzzy neural network (FNN) approach
becomes a powerful tool for solving real-world problems in the area of forecasting, identification,
etc. A fuzzy recurrent neural network algorithm is applied into the fuzzified dataset. As as result,
fuzzy time series approch is constructed. Genetic Algorithm is adapted into optimize the
parameters. It is focused to advise a novel model approach supports the global benefits of the sector.
Model comparisonal studies are perfomed by using statistical methods.
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Game Theory Applications for Sustainable Agricultural Irrigation Management
Esma BIRISCI (Corresponding Author)'

Amid increasing water scarcity, climate variability, and growing agricultural water demands, the
need for a sustainable and equitable water resource allocation for irrigation has become urgent—
especially for smallholder farming communities. This study uses game theory to model farmers’
strategic decision-making using limited irrigation water, focusing specifically on drip irrigation
systems. Unlike canal-based systems, drip irrigation offers discrete and controllable water
application options, making it ideal for examining behavioral dynamics under decentralized
management. The research explores scenarios where multiple farmers share a common water
source and must decide how much water to use and when to irrigate. The model analyzes how
individual water-use strategies influence collective outcomes by applying fundamental game theory
concepts—including the Nash equilibrium and the Prisoner's Dilemma. The model is calibrated
using irrigation usage data collected from smallholder farmers in Bursa during the summer of 2024.
The findings show that farmers’ efforts to maximize personal benefits often lead to less optimal
results for the group, particularly when communication or cooperation is absent. However,
simulations indicate that cooperative strategies, such as water-sharing agreements or rotational
irrigation schedules, lead to higher productivity and improved resource sustainability. The
methodology combines theoretical game models with scenario-based simulations to mirror real-
world challenges faced by smallholders. The results suggest that institutional arrangements
fostering trust and enforcing agreements can significantly boost cooperation and resource
efficiency. This study enhances understanding of how behavioral and strategic factors impact
irrigation decisions in water-scarce regions. The insights provided can guide the development of
water allocation policies and governance structures that align individual incentives with collective
sustainability objectives.

Keywords: Game Theory; Drip irrigation, Smallholder farmers; Water allocation; Nash
Equilibrium; Cooperation strategies
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Forecasting The Green Bond Market: Evidence Of Machine Learning Models
Ozge Ding CAVLAK (Corresponding Author)'

The green bond market has been considered an alternative investment direction, attracting the
attention of both individual and institutional investors, who may use them as hedge tools or
diversify their portfolios. The present study aims to explore the impacts of the clean energy market
on the green bond market, along with certain uncertainty factors, through novel machine learning
techniques accounting for complex and nonlinear relationships. For this purpose, the effects of the
S&P Global Clean Energy Transition Index, the CBOE Crude Oil Volatility Index (OVX), the
CBOE Gold Volatility Index (GVZ), the CBOE Volatility Index (VIX), and the Merrill Lynch
Option Volatility Estimate Index (MOVE) are analyzed on the S&P Green Bond Index, using daily
data spanning the period from July 2, 2015 to July 31, 2025. Extreme Gradient Boosting (XGBoost)
and Natural Gradient Boosting (NGBoost) algorithms are employed to forecast model
performances, accounting for various performance metrics (MAE, MSE, RMSE, and R-Square).
Then, the Shapley Additive Explanations (SHAP) method is conducted to interpret the model
predictions. Lastly, the relative importance of input features on the green bond market is revealed.
The empirical findings indicate that the XGBoost model performs better than the NGBoost model
in all performance metrics. In addition, the green bond market is mostly affected by GVZ, followed
by the clean energy market. MOVE and OVX are relatively weakly associated with green bonds,
while no substantial impact of VIX is observed. These findings may present important implications
for investors and practitioners for green bonds' hedge and diversification potential.
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Is Membership in the OECD Advantageous in Terms of Enterpreneurship for the
Developing Countries?

Sidika BASCI (Corresponding Author)', Kayla SHEVADENA?

Entrepreneurship plays a vital role in shaping both national and local economic growth. By
fostering innovation, creating employment, and responding to emerging market demands,
entrepreneurs drive structural transformation and enhance a country’s competitiveness. However,
the development of entrepreneurship is often constrained by a range of barriers, including
regulatory burdens, restricted access to finance, insufficient entrepreneurial education and training,
weak linkages between research and commercial application, and social inequalities that limit
opportunities for women, youth, and marginalized groups. These challenges necessitate well-
targeted policy interventions to create an inclusive and enabling entrepreneurial ecosystem. The
Organization for Economic Co-operation and Development (OECD) has been instrumental in
analyzing and shaping entrepreneurship policies across member countries. Through extensive case
studies, policy evaluations, and regional assessments, the OECD provides valuable guidance to
national and subnational governments on removing barriers to entrepreneurship and facilitating
industrial transition. Notably, the OECD includes several member countries that are still classified
as developing economies. This raises an important question: does OECD membership positively
influence entrepreneurial development in these nations? This study conducts a comparative analysis
of entrepreneurship trends in developing countries that are members of the OECD and those that
are not. It investigates whether OECD membership is associated with improved entrepreneurial
conditions, such as better access to finance, more supportive policy environments, or greater
inclusiveness in entrepreneurial participation. By examining a range of entrepreneurship indicators
and policy frameworks, the study aims to assess whether OECD affiliation translates into tangible
benefits for entrepreneurial activity in developing economies. The findings contribute to the
broader understanding of international policy influence on domestic entrepreneurship ecosystems.

Keywords: Developing Countries, Entrepreneurship, OECD

1. sidika.basci@aybu.edu.tr, Ankara Yildirim Beyazit University

2. kayla.sheva.edu@gmail.com, University of Bologna

September 24-26, 2025 18



22nd International Symposium on Econometrics, Operations Research and Statistics

Testing Okun’s Law in Tiirkiye Using Wavelet Analysis: Evidence from the Time-
Frequency Domain

Ahmet KONCAK (Corresponding Author)', Erdal BERK?

In this study, the validity of Okun’s Law for Tiirkiye-that is, the relationship between the growth
rate of per capita Gross Domestic Product (GDP) and the unemployment rate-is examined using
annual data for the period 1988-2024. To investigate the causality between the two variables, both
traditional time series methods that rely solely on the time domain and the wavelet approach, which
simultaneously considers the time and frequency domains, are employed. In the first stage, the
stationarity properties of the variables are assessed not only with the traditional ADF and KPSS
tests but also with their Fourier-based forms. The findings indicate that the per capita GDP growth
rate is stationary at level, whereas the unemployment rate becomes stationary after first difference.
The causal relationship between the variables is analyzed through the Toda-Yamamoto and Fourier
Toda-Yamamoto causality tests; within this framework, no statistically significant causality
relationship is detected over the period. In the second stage of the study, causality relationships are
analyzed using the wavelet approach. The wavelet power spectrum graphs reveal that the economic
and political developments occurring between 1999 and 2013 caused long-term high volatility in
the growth rate, while short- and medium-term high volatility dominated the 2004-2015 period.
According to the wavelet coherence analysis, a strong negative causal relationship from growth to
unemployment is observed between 1998 and 2000. During the 2003—-2017 period, a significant
causal relationship from growth to unemployment was detected, and this relationship appeared to
persist across short-, medium-, and long-term horizons. The findings indicate that traditional
methods relying solely on the time domain are insufficient to fully capture the complex and time-
varying causal dynamics between growth and unemployment. In contrast, wavelet-based methods
successfully reveal the dynamic structure of the relationship by considering variations in both the
time and frequency domains.
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Analyzing the Macroeconomic Determinants of Foreign Direct Investment in Turkiye: An
ARDL Approach (1990-2024)

Cetin GORUR (Corresponding Author)'

Foreign direct investment (FDI) serves as a crucial driver for economic development by facilitating
capital accumulation, technology transfer, employment creation, and integration into the global
economy. For emerging economies like Turkiye, attracting FDI is essential to enhance productivity
and sustain long-term growth. This study aims to comprehensively examine the effects of key
macroeconomic determinants-namely economic growth, employment, and inflation-on FDI
inflows in Turkiye, covering the period from 1990 to 2024. The choice of this timeframe captures
significant economic transitions and policy shifts that have shaped Turkiye’s investment climate.
Data for the analysis were obtained from the World Bank, encompassing annual observations on
the relevant variables. Given that the variables exhibited different orders of integration, the
Autoregressive Distributed Lag (ARDL) bounds testing approach was employed to investigate both
short-run dynamics and long-run equilibrium relationships without the prerequisite of uniform
stationarity. The results reveal evidence of a stable long-run cointegration among the variables,
validating the use of the ARDL model. Empirical findings indicate that economic growth positively
and significantly influences FDI inflows, underscoring the role of a growing economy in attracting
foreign investors by signaling market potential and profitability. Conversely, both employment
levels and inflation rates display statistically significant negative relationships with FDI, suggesting
that labor market conditions and macroeconomic instability may deter foreign investment. The
estimated model demonstrates excellent explanatory power, with an R? of 0.907 and an adjusted
R? of 0.820, and diagnostic tests confirm that all classical regression assumptions are satisfied,
ensuring the reliability of the results. Overall, this research contributes to the existing literature by
providing updated empirical evidence on the determinants of FDI in Turkey using a rigorous
econometric framework, offering actionable insights for economic policy design.
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A New Innovative Al-Based Index: Anadolu University Economic Confidence Index
Hasan MURAT ERTUGRUL(Corresponding Author)', Burghan SAKARYA?, Onur POLAT®

An innovative step will be taken for the Turkish economy, and a high-frequency confidence index
will be created for the first time on a web-based basis by using the natural language processing
(NLP) model and using texts from various news sites. Confidence in the economy plays a critical
role in shaping the real and financial outlook of the country. However, since many important
economic indicators related to GDP, Industrial Production Index, Export or Service Sector are
usually published with a late calendar, confidence indices provide pioneering information to fill
this gap. However, although there are different indices for measuring confidence in the national
and international arena, there are various difficulties in terms of scope and method. In classical
approaches, methods based on a limited sample size, survey-based and limited to closed-ended
questions are used. These approaches increase the "cost" burden as the sample size increases and
bring with it the risk of "bias" in surveys and the problem of "respondent burden" as the number of
questions increases. In order to overcome such problems, news sites that include expert opinions
stand out as an alternative and rich data source. By using texts obtained from news sites, the
problems of "cost", "bias" and "respondent burden" encountered in classical trust index approaches
can be largely eliminated.

Keywords: NLP, Economic Confidence Index, Al

Support / sponsor note: Anadolu University BAP Unit
1. hmertugrul@anadolu.edu.tr, Anadolu University
2. bsakarya@baskent.edu.tr, Baskent university

3. onur.polat@bilecik.edu.tr, bilecik seyh edebali university

September 24-26, 2025 21



22nd International Symposium on Econometrics, Operations Research and Statistics

Factors Affecting Energy Consumption in Developing Countries: Quantile Regression
Approach

Nurdan DEGIRMENCI (Corresponding Author)', Tuba Yakict AY AN?

Energy consumption has significant and comprehensive impacts on the environment. The energy
obtained by burning fossil fuels causes the release of large amounts of carbon dioxide (CO2) into
the atmosphere. This gas causes global warming and climate change by creating a greenhouse
effect. Increasing energy demand leads to rapid depletion of natural resources and damage to
ecosystems. In addition, waste and pollution generated during the energy production process
negatively affect human health by reducing water and air quality. In another respect, energy
expenditures have a decisive effect on the current account deficits of countries. Especially in
countries that are foreign-dependent in terms of energy resources, imports of fossil fuels such as
oil, natural gas and coal constitute an important item of the current account deficit. Generally
speaking, it can be seen that energy consumption has wide-ranging and serious effects in terms of
economic, environmental and human health. The primary objective of this study is to examine the
main factors affecting energy consumption in developing countries using quantile regression. If the
data do not meet the Least Squares assumptions, and especially if the dependent variable is not
normally distributed, quantile regression is considered an appropriate method to examine whether
different relationships exist at different levels of the dependent variable. The variables to be used
in the analyses were determined as GDP, population, urbanization rate, human development index,
industrialization level, FDI, and CO2 based on an extensive literature review. Preliminary analyses
revealed that the per capita income (GDP), human development level (HDI), and CO- emissions
variables were insignificant in explaining energy consumption levels, and therefore, these variables
were excluded from the analyses in the subsequent stages. According to pairwise comparisons of
quantiles and LS coefficient estimates, statistically significant differences were observed between
the 25% and 75% quantiles for the population variable and between the 25%, 75%, and 50%, 75%
quantiles for the industrialization variable. For the industrialization variable, the difference between
the 25% and 75% quantiles is quite strong.
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Estimating Total Fertility Rate in Turkey Based on Vulnerable Employment and Socio-
Economic Indicators Using Artificial Neural Networks

Aysegiil YILDIZ (Corresponding Author)'

The total fertility rate, an important indicator of a society’s generational renewal, demographic, and
economic future, represents the total number of children a woman is expected to have during her
fertile years. The steadily declining total fertility rate in Tiirkiye has begun to raise concerns
regarding the sustainability of the population, its demographic structure, and the long-term social
and economic stability of society. Tiirkiye, which is in a serious bottleneck since declining fertility
directly affects the demographic and economic future, has declared the period 2026-2035 as the
“Decade of Family and Population” and has begun to take strong steps that put the family at the
center in this context. This study focuses on estimating the total fertility rate (output variable) in
Tiirkiye using an artificial neural network (ANN) method with data covering the period 1988-2024.
GDP per capita, vulnerable employment, urban population, preprimary school enrollment rates,
and life expectancy at birth are used as input variables in the model. The dataset is divided into
three parts: training, testing, and validation. A trial-and-error method is used to find the optimal
ANN architecture for total fertility rate estimation, that is, to minimize the difference between the
generated values and the actual values. Network performance is examined using MAPE, R2, and
RMSE values. The Garson Algorithm is used to assess the relative importance of the input variables
considered in the study. The findings are expected to contribute to the policy development process
for countries experiencing low fertility trends by revealing the main variables affecting the total
fertility rate. Accordingly, recommendations regarding the potential effects of education, health,
economic growth, urbanization, and employment policies on fertility will be presented.
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Etkili Iklim Politikalari, Kiiresel Isinmanin Giiciinii Azaltabilir mi? Alternatif Dayamkh
Olasiik Modeli Yaklasimi: Robit

Ebru Caglayan AKAY', Zeynep SENGUL (Corresponding Author)

Bu calisma, Birlesmis Milletler’in 2015 yilinda ilan etmis oldugu hedeflerden 13. Hedef: iklim
Eylemi ve Paris Anlagsmasi’nin imzalanmasi sebebiyle iilkelerin uyguladig: iklim politikalarmin
kiiresel 1s1nma tizerindeki etkisini olasilik regresyon modelleriyle incelemektedir. Calismada, Paris
Anlagmast’nin sicaklik artigin1 yavaglatmak ve 2°C altinda tutma hedefini dikkate alinmigtir. Bu
dogrultuda bagiml degisken, ortalama sicaklik artiginin 2°C ve {lizerini agmasi ve agmamasi olarak
belirlenmistir. Model logit, probit ve dayanikli olasilik regresyon yontemi robit ile tahmin
edilmistir. Cook’s D grafigine tahmin edilen logit modelinde aykir1 gézlem belirlenmistir. Aym
zamanda, bu li¢ modele ait model se¢im metrikleri incelendiginde en iyi model performansini robit
tahmin yontemi sergilemektedir. Bu sebeple en uygun modelin robit oldugu belirlenmistir. Robit
regresyon sonucuna gore; dogal kaynak rantinin sicaklik artis olasiliginmi azalttigi, fakat iklim
riskinin, karbon emisyon yogunlugunun ve gelir grubunun sicaklik artig olasiligini arttirdigi
bulunmustur. Iklim riski varligmin, {ilkelerin iklim politikalart uygulama basaris1 ile
degerlendirildiginde sicaklig1 azaltma potansiyeli oldugu anlagilmigtir. Aymi zamanda karbon
emisyonlar karbon vergisi uygulanmasi ile degerlendirildiginde kiiresel 1sinma olasiligini arttirdig
fakat bu artisin karbon emisyonundan daha az oldugu bulunmustur. Bu sonug, karbon vergisi
alinmasinin  kiiresel 1smnmanin giiciinii karbon emisyonu salinima kiyasla azaltabilecegini
gostermektedir. Bu bulgular, iklim politikalarinin uzun vadede g¢evresel ve ekonomik faydalar
saglayabilecegini ve bu politikalarin bir yiik degil aksine, uzun siireli ve istikrarli basari
saglandiginda kiiresel 1sinma hizinin yavaslayabilecegini ve kiiresel is birliginin saglanmasi
gerektigini ortaya koymaktadir. Sonug olarak, siirdiiriilebilir ve kararli iklim politikalar1 ¢evresel
diizeyde dnemli kazanimlar saglayabilecegi ongoriilmektedir.
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Tiirkiye ve AB Ulkelerinde Yenilenebilir Enerji Kullaniminin Karbon Emisyonlar
Uzerindeki Etkisi

Siimeyye Rafia YILDIZ (Corresponding Author)', Murat ATAN?

Bu calisma, Tiirkiye ve Avrupa Birligi (AB) iilkelerinde yenilenebilir enerji kullaniminin karbon
dioksit (CO-) emisyonlar {izerindeki etkisini panel veri analizi ile incelemektedir. Kiiresel 1sinma
ve iklim degisikligiyle miicadelede yenilenebilir enerji kaynaklarimin 6nemi giderek artmaktadir.
20002023 donemini kapsayan veri setinde, yenilenebilir enerji tiiketim orani, kisi basi enerji
titketimi ve kisi bagi CO- emisyonlar1 temel degiskenler olarak kullanilmistir. Veriler Eurostat,
OECD ve Diinya Bankasi veri tabanlarindan elde edilmistir. Calismada Oncelikle yatay kesit
bagimlilig1 ve duraganlik testleri uygulanmis, ardindan uzun dénem iliskilerin varliginm belirlemek
icin panel esbiitiinlesme testleri yapilmistir. Nedensellik yoniinii incelemek amaciyla Dumitrescu-
Hurlin panel nedensellik testi kullanilmistir. Bulgular, yenilenebilir enerji tiiketimindeki artigin
uzun vadede CO: emisyonlarini azaltici yonde etkili oldugunu ve Tirkiye’'nin AB {ilkeleri ile
benzer nedensellik dinamikleri sergiledigini gostermektedir. Bu sonuglar, iklim degisikligi ile
miicadelede yenilenebilir enerji yatirnmlarinin kritik rol oynadigini ortaya koymaktadir. AB
iilkelerinde uygulanan enerji doniisiim stratejileri, karbon yogunlugunun azaltilmasinda etkili
olurken, Tiirkiye’de yenilenebilir enerji yatinmlarinin son dénemlerde artis gostermesi benzer
cevresel faydalar saglamaktadir. Bulgular, siirdiiriilebilir kalkinma hedefleri dogrultusunda
yenilenebilir enerji yatinmlarinin  artirllmasimin - ve  enerji  verimliligi  politikalarinin
giiclendirilmesinin karbon emisyonlarmin azaltilmas1 agisindan kritik 6neme sahip oldugunu
gostermektedir. Sonug olarak, bu calisma, enerji sektdrii politikalarinin yeniden yapilandirilmasi
ve cevresel performansin iyilestirilmesi baglaminda yenilenebilir enerji kullaniminin stratejik bir
ara¢ oldugunu vurgulamaktadir.

Keywords: Yenilenebilir enerji, karbon emisyonu, panel veri analizi, Dumitrescu-Hurlin
nedensellik, Avrupa Birligi, Tiirkiye.
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Egitim ve Istihdam Arasinda Kayip Genglik: Tiirkiye Uzerine Bir Degerlendirme

Ebru Caglayan AKAY', Filiz Cakir ZEYTINOGLU?, Ozlem ERGUT (Corresponding Author)’,
Zamira OSKONBAEVA*

Ulkelerin ilerlemesinde dnemli bir role sahip olan genglerin egitim ve istihdami, topluma ve
ckonomiye katkilar1 agisindan son derece degerlidir. Ulke ekonomileri igin kritik rol oynayan
genglerin istedigi bir gelecek hayal etmesi, iyi egitim almas1 ve toplumda giivenle yer alabilmesi
iilkelerin gelecegi igin biiyiik 6nem tasimaktadir. Tiirkiye’de ve diinyada yillar igerisinde yaygin
olarak kullanilan bir kavram haline gelen, Ingilizce, “Not in Education, Employment or Training”
ifadesinin kisaltmasi olan NEET herhangi bir mazereti olmadan, egitim veya 6gretim hayatinda ve
isgiicli piyasasinda yer almayan gengler i¢in kullanilan demografik bir grubu ifade etmektedir.
NEET olmanin sadece birey i¢in degil, ayn1 zamanda toplumlar ve ekonomi i¢in ¢ok ciddi
maliyetleri oldugundan bu caligmada Oncelikli olarak NEET statiisiiniin belirleyicileri ortaya
konularak NEET olmanin iilke ekonomileri iizerindeki iktisadi, siyasi ve sosyal etkileri de ele
alinmig, Tirkiye’deki NEET genglerinin durumu OECD ve AB filkeleri istatistikleri ile
karsilagtirilmali olarak incelenmistir. Aym1 zamanda NEET hakkinda yapilan akademik
caligmalarin egilimi, gelisimi ve yeni arastirma dinamikleri hakkinda fikir sahibi olabilmek adina
bibliyometrik analiz gerceklestirilerek belirli bir zaman periyodunda NEET konusu ile ilgili
bilginin  gelisiminin ~ gorsellestirilmesi  ve  yorumlanmasi  firsatt  sunulmustur.
NEET sayisinin artmasi ve bu sorunun devam etmesi uzun vadeli sonuglar doguracagindan isgiicii
piyasasindan ve egitimden kopmus geng niifusun son derece heterojen yapisi goz oniine alinarak
egitim, ig hayatina gecis ve sosyal katilim ile ilgili gesitli politika ve ¢oziim Onerileri gelistirmek
onemlidir. Bunlardan birkac1 soyle Ozetlenebilir: Egitimi tamamlayamayanlara yardime1 olacak
cesitli egitim ve 6gretim programlariin sunulmasi, grencilerin 6grenme motivasyonunu artirmak
icin yeni 6gretim yontemlerinin getirilmesi, genglere is deneyimi saglama, ¢iraklik egitimleri ve
cesitli egitimlere katilimlarmma devam etmelerine destek saglamaya yonelik politikalar
gelistirilmeli, is arama ve kariyer danigmanlig1 hizmetlerinin sunulmasi yaygimlagtirilmali, NEET
grubunda olan genglerin meslek kazanimi igin, yabanci dil ve mesleki becerilere yonelik kurslar
veya sertifika programlar1 diizenlenmeli, ticretsiz ve goniillii psikolojik destekler saglanmalidir.
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Makroekonomik Gostergelerin Issizlik Uzerindeki Etkisi: Tiirkiye Ornegi
Aysegiil AYYILDIZ (Corresponding Author)', Siimeyye Rafia YILDIZ?, Murat ATAN?

Issizlik, ekonomik istikrar ve sosyal refah agisindan kritik éneme sahip bir makroekonomik
gostergedir. Tiirkiye ekonomisinde issizlik oraninin dalgalanmasi, 6zellikle son yillarda ekonomik
biiyiime, enflasyon, doviz kurlar1 ve sanayi iiretimi gibi temel gostergelerle yakindan iliskilidir. Bu
calisma, Tiirkiye’de makroekonomik gostergelerin issizlik orani tizerindeki etkisini ekonometrik
yontemler kullanarak incelemektedir. Analiz kapsaminda 2005-2024 dénemine ait ¢eyreklik veriler
kullanilmustir. Igsizlik oran1 bagimli degisken olarak belirlenirken, gayrisafi yurt i¢i hasila (GSYH),
enflasyon orani, doviz kuru, sanayi iiretim endeksi ve faiz orami bagimsiz degiskenler olarak
modele dahil edilmistir. Veriler Tiirkiye Istatistik Kurumu (TUIK) ve Tiirkiye Cumhuriyet Merkez
Bankasi Elektronik Veri Dagitim Sistemi (EVDS) veri tabanlarindan temin edilmistir. Caligmada
oncelikle duraganlik diizeyleri belirlenmis, ardindan degiskenler arasindaki kisa ve uzun dénem
iligkileri tespit etmek amactyla ARDL siir testi yaklasimi uygulanmistir. Ayrica nedensellik
yoOniinii ortaya koymak i¢in Toda-Yamamoto nedensellik testi gerceklestirilmistir. Elde edilen
bulgular, GSYH artiginin igsizlik oranini anlamli bigimde azalttigini, enflasyon ve déviz kurundaki
dalgalanmalarin ise igsizlik iizerinde kismi ve donemsel etkiler yarattigin1 gostermektedir. Sanayi
iiretim endeksinin igsizligi azaltici etkisi ise Ozellikle uzun donemde belirginlesmektedir. Bu
baglamda, makroekonomik gostergelerle issizlik arasindaki nedensellik iliskisi ve etkilesimlerin
yonii de incelenmistir. Caligmanin sonucunda, GSYH biiyiimesinin igsizlik oranini anlaml bigimde
azalttig1 beklenmektedir. Bununla birlikte, enflasyon ve doviz kuru gibi makro degiskenlerin
igsizlik tizerindeki etkilerinin donemsel ve karmasik oldugu, kisa vadede dalgalanmalara neden
oldugu tahmin edilmektedir. Sanayi iiretim endeksinin ise 6zellikle uzun dénemde issizlik iizerinde
azaltic1 bir etkisi olmasi beklenmektedir. Faiz oranlarinin igsizlik dinamiklerine etkisi ise Tiirkiye
ekonomisindeki mevcut para politikast uygulamalarina bagl olarak yorumlanacaktir. Bu sonuglar,
politika yapicilar icin issizlikle miicadelede makroekonomik degiskenlerin etkin yOnetiminin
onemini vurgulamaktadir.
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G-20 Ulkelerinde Ekonomik Biiyiime Ve Cevre Kirliligi Arasindaki Iliskinin Ekonometrik
Analizi

Merve GOKDAG (Corresponding Author)', Merve Ertok ONURLU?

Cevre kirliligi, sanayilesme ve hizla gelisen kentlesmenin kiiresel sonuglarindan biri olarak, canli
ckosistemi ve insan saghgi iizerinde yaygin ve kalici tehditler olusturmaktadir. Ozellikle artan
endiistriyel faaliyetler ve tehlikeli atiklarin kontrolsiizliigii hava, su ve toprak gibi dogal
kaynaklarin kalitesinde fazlasiyla etkili olmaktadir. Bu ¢alismada, 1992-2019 yillar1 arasinda G-20
iilkelerinde ¢evre kirliligi ve ekonomik biiyiime arasindaki iliskinin Cevresel Kuznets Egrisi
Hipotezi (EKC) kapsaminda incelenmesi amaglanmistir. Bu baglamda EKC hipotezinin
gecerliligini tespit etmek i¢in, gevre kirliligini temsilen nitrdz oksit (N20), karbondioksit emisyonu
(CO2) ve ekolojik ayak izi degiskenlerinin bagimli degisken oldugu ii¢ farkli model analiz
edilmistir. Caligmada, birimler arasi korelasyonu dikkate alan ikinci kusak panel birim kok testleri
kullanilarak degiskenlerin duragan yapida olup olmadiklar aragtirilmistir. Birinci farkta duragan
(I(1)) olduklar1 tespit edilen degiskenlerin, uzun donemde iligkili olup olmadiklarinin tespit
edilmesi amaciyla Pedroni Panel Esbiitlinlesme testi yapilmistir. Test sonuglarina gore her {ic model
icin de degiskenlerin uzun dénemde iliskili olduklari sonucuna varilmistir. Degiskenler arasindaki
uzun donemli iligkinin tahmini i¢in ise Ortalama Grup Dinamik En Kii¢lik Kareler (DOLSMG)
tahmincisi kullanilmigtir. DOLS test sonuglarina gére, CO2’nin bagimli degisken oldugu modelde
G-20 iilkeleri i¢cin EKC hipotezinin gecerli oldugu; sirasiyla N2O ve karbon ayak izinin bagiml
degisken olarak yer aldigi diger modellerde ise EKC hipotezinin gegerli olmadigi sonucuna
ulasilmistir.
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The Impact of Geopolitical Risks on Military Expenditure: An Analysis of the European
Union

Semih KARACAN (Corresponding Author)'

Countries allocate military expenditure to safeguard citizens’ lives and property against internal
and external threats and to preserve territorial integrity. The most important determinants of the
level of a country’s military spending include perceived threat, the size of the economy, and the
share of military expenditure in gross domestic product (GDP). In light of recent disputes in Eastern
Europe and the Middle East that began as political tensions and escalated into armed conflicts and
wars, the importance of military expenditure is even clearer. While the link between military
spending and the economy can be easily examined econometrically, analyzing its relationship with
threat perception is complicated by the phenomenon’s subjective nature. Against this backdrop, the
aim of this study is to investigate the potential causal relationship between military expenditure and
threat perception measured by the Geopolitical Risk Index (GPR), using a dataset covering 1995—
2023 for the following EU member countries: Germany, Belgium, Denmark, Finland, France, the
Netherlands, Spain, Sweden, Italy, Hungary, Poland, and Portugal. To measure the magnitude of
military expenditure, we use the share of military expenditure in GDP and the share of military
expenditure in government expenditure, which allow us to control for economic
size and government corruption. The variables exhibit no cross-sectional dependence and are
stationary in levels. However, since there is slope heterogeneity in the causality equations, we
employ the Dumitrescu—Hurlin (2012) panel causality test to account for heterogeneity. The
findings indicate bidirectional causality between the GPR and military expenditure as a share of
GDP, and unidirectional causality running from the GPR to military expenditure as a share of
government expenditure. Country-level estimates show that the GPR has an expenditure-increasing
effect in all countries, the effect of military expenditure on the GPR is negative or statistically
insignificant in 11 countries, and positive and statistically significant only in Poland.

Keywords: Military Expenditures, Geopolitical Risk Index, European Union, Panel Causality
Tests.
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Persistence of Shocks in Forest Areas within the Framework of Fractional Frequency
Fourier - Kruse (FFKRUSE) and Fractional Frequency Fourier - Sollis (FFSOLLIS) Unit
Root Tests

Siireyya Imre BIYIKLI (Corresponding Author)'

This study aims to analyse the permanence of shocks in forest areas within the context of countries'
structural characteristics, by examining changes in forest area (as a percentage of the total land
area) in 30 different countries between 1990 and 2022. The analyses were conducted using two
newly developed unit root tests: the Fractional Frequency Fourier-Kruse (FFKRUSE) and
Fractional Frequency Fourier-Sollis (FFSOLLIS). As of 2022, countries have been divided into
three groups according to their total forest area in relation to their total land area. Those with the
highest ratios include Suriname, the Solomon Islands, Finland, Sweden, Japan, South Korea, the
Republic of the Congo, Slovenia, Brazil and Malaysia. Those with a medium forest area include
Georgia, Thailand, Bulgaria, Italy, Germany, France, Greece, Turkey, China and Iran. Conversely,
countries with low forest area ratios include Pakistan, Tunisia, Syria, Iraq, Kazakhstan, Bahrain,
Algeria, Iceland, Kuwait and Egypt. The FFSOLLIS unit root test results indicate that Finland,
South Korea, Slovenia, Brazil, Malaysia, Georgia, Thailand, Italy, Greece, Iran, Pakistan and Iraq
have a stationary process in their forest area series. The FFSOLLIS unit root test results also
indicate that changes in forest area in these countries are temporary. Although forest areas in these
countries show a tendency to increase or decrease over time, external shocks do not permanently
disrupt this trend and the system returns to its original direction.
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University Students' Perceptions of Electric Vehicle Technology: An Analysis Within the
Framework of the Quantum Choice Model

Melis KAVAKLI (Corresponding Author)', Kadir Yasin ERYIGIT?

Electric vehicles have become an important part of environmentally friendly transportation today.
Energy efficiency and environmental benefits have a positive impact on interest in electric vehicles,
while uncertainties and concerns about job losses brought about by technology create a negative
perception among consumers. Technological developments are closely related to how consumers
adopt this technology. This study aims to explain the perceptions of educated young individuals
regarding their preferences for electric vehicles using the quantum choice model. Quantum choice
models offer a more comprehensive framework for explaining the inconsistencies and
indecisiveness that may arise in logit models by measuring superposition and interference effects.
In quantum choice models, superposition refers to a situation in which multiple alternatives are
evaluated simultaneously in the decision-making process. The interference effect, on the other
hand, refers to a situation where the probability of choices increases or decreases as a result of
certain interactions among alternative possibilities. Thus, indecisive situations that logit models
cannot explain can be modeled. In this study, it is intended to evaluate university students' views
on electric vehicles based on survey questions, in line with the expectation that their adaptation
speed to new technologies will be higher due to their status as current intense users of technology
and future consumers. This survey it is aimed to measure possible preferences under different
combinations of circumstances such as “positive aspects of technological development,”
“uncertainties in electric vehicle technology,” “unemployment caused by technology,” and “social
acceptance”. In addition to questions that participants will answer with “I prefer electric vehicles”
or “I prefer fossil fuel vehicles,” certain questions also include the option “I am undecided,” and
possible changes in preferences are predicted within the framework of quantum choice models
using different scenarios. The survey responses obtained are estimated using a logit model, a
quantum model (QA), a model measuring the interference effect (QAR), and a model including
phase angles (QAP), and are interpreted comparatively. The emphasis on the importance of
quantum econometrics, based on the expectation that predictions obtained using quantum choice
models will yield better results than the logit model, forms the main axis of the study.
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Nowecasting Bitcoin Analysis with BSTS
Selguk KOC', Seda ERTURK (Corresponding Author)?

After the effects of Donald Trump's tweets during his first US presidency on the economies of
countries (Ertiirk and Kog, 2021), the effects of his tweets about Bitcoin during his second
presidency and the change in "Bitcoin" searches on Google Trends over time are important research
topics in terms of how they are reflected in market fluctuations. This study examines the
relationship between Donald Trump's tweets about Bitcoin, Google Trends data, and Bitcoin prices.
The Bayesian Structural Time Series (BSTS) model, a statistical method based on time series
analysis, is used in the research. The BSTS model offers a flexible structure to estimate trends over
time, seasonal effects, and the effects of external factors on the market. In this context, causality
and forecast analysis will be conducted with the BSTS model in order to determine the immediate
and long-term effects of Trump's tweets on Bitcoin prices. One of the main objectives of the study
is to understand how social media interactions and the discourses of leading figures can affect
volatility in financial markets. While Google Trends data reflects the level of interest among
investors in Bitcoin, Twitter data provides important clues about market sentiment. The findings of
the study will provide valuable insights for policymakers, investors, and financial analysts,
contributing to a better understanding of the role of social media in the markets.
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A Comparative Analysis of Crude Oil Price Series Stability via Fourier-Based Unit Root
Tests

Riiya KARCI (Corresponding Author)', Asiye TUTUNCU?

Crude oil prices have been identified as a key economic and political indicator due to its position
as a critical component of the global energy supply. The economic repercussions of fluctuations in
the prices of these commodities are extensive, having ramifications for countries that import and
export energy, financial markets and the real sector. Crude oil prices have been demonstrated to
exhibit structural breaks and non-linear behaviour over time, influenced by various factors such as
economic crises, geopolitical risks, supply-demand imbalances and technological developments.
The analysis of the time series characteristics of oil prices is of significance for both academic
literature and policymakers. The main objective of this study is to examine the stability
characteristics of representative crude oil types selected from different regions from a comparative
perspective. The study utilised monthly price data for five crude oils from North America, Europe,
the Mediterranean, Asia and the Persian Gulf to conduct a comprehensive examination of the
stability characteristics of oil prices during the period 1990:05-2020:10. The series are analysed
using Fourier ADF, Fractional Fourier ADF and Fourier Wavelet ADF tests. It is evident that these
tests are more sophisticated than traditional tests in that they take structural change into account.
The results of the unit root tests indicate that there has been a statistically significant structural
change in the variables. Furthermore, the variables do not contain a unit root in the presence of
structural change. In this instance, it can be posited that the shocks applied to the variables are of a
temporary nature.
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Kuantum Mekanigi ve Derin Ogrenme ile Dinamik Mekansal Agirhk Matrisinin
Olusturulmasi: Mekansal Ekonometride Yeni Bir Yaklasim Onerisi

Mehmet Kenan TERZIOGLU', Mehmet Ali YUCEL (Corresponding Author)?

Mekansal bagimliliklarin iktisadi modellemede temsili, konumsal etkilesimlerin ve bolgesel
dinamiklerin anlasilmasinda kritik bir rol oynamaktadir. Mekansal modellerin ampirik
giivenilirligi, etkilesim topolojisini belirleyen mekéansal agirlik matrisinin yapisina bagh
olmaktadir. Arastirmac tarafindan a priori tanimlanan, veri liretim siirecinden bagimsiz ve sabit
olan konvansiyonel/geleneksel yaklasimlar, modelde yanlis tanimlama riskine, parametre
tahminlerinde sapmalara ve nedensel ¢ikarim giiciiniin sinirlanmasina yol agabilmektedir. Caligma
kapsaminda, s6z konusu metodolojik simirliliklart asmak amaciyla, mekansal agirlik matrisini
verinin istatistiksel yapisindan tiireyen endojen bir yap1 olarak tanimlayan, kuantum mekanigi ve
derin 6grenme destekli 6zgiin bir metodoloji nerilmektedir. Onerilen yaklagimda, sentetik olarak
iiretilmis cok boyutlu 6znitelik vektorleri, Mahalanobis doniigiimiiyle kovaryans bagimliliklarindan
arindirilarak istatistiksel olarak homojen bir forma donistiiriilmekte ve elde edilen bu form,
ortonormal (birbirine dik ve birim uzunlukta) Hilbert uzayinda kuantum durum vektorleri olarak
temsil edilmektedir. Konumlar arasi etkilesimler, klasik korelasyonlarm otesinde; baglamsal
asimetrileri, yerel olmayan bagimliliklar1 ve ¢ok katmanli ag yapilarindaki yapisal bagliliklari
kapsayacak bi¢imde, kuantum dolaniklig1 formiilasyonu gergevesinde modellenmektedir. Bu
yaklagim, sinirdasliga dayali geleneksel bagimlilik tanimlarinin 6tesine gegerek, hem mekansal-
topolojik hem de baglamsal-islevsel diizeyde, eszamanli ve yonlii bagimliliklarin, ortak bir
kuantum durum vektorii temsili lizerinden ifade edilmesine imkan tamimaktadir. Konumlarin
dolaniklik diizeyleri ise, indirgenmis yogunluk matrisinden tiiretilen Von Neumann entropisi
araciligiyla hesaplanmaktadir. Kuantum-temelli mekéansal etkilesim dlgiitlerinden tiiretilen yiiksek
boyutlu tensorler, mekansal topoloji ile zamansal evrimi eszamanli 6grenebilen hibrit bir derin
O0grenme mimarisi ile islenmektedir. Hibrit derin 6grenme mimarisi, diiglimler arasi etkilesim
yogunlugunu endojen olarak 6grenen GAT katmanlarini, sistemin kisa donem bagimliligini
modelleyen LSTM birimlerini ve her bir zaman kesitindeki uzun donem bagimliliklar1 yakalayan
Transformer mekanizmalarint igermektedir. Caligmada olusturulan dinamik mekansal agirlik
matrisi ile klasik matris, Mekansal Otoregresif (SAR) model ¢ercevesinde karsilagtirilmakta;
sonuglar, dnerilen yapinin daha kapsamli, tutarli ve agiklayici ¢iktilar {irettigini gostermektedir. Bu
yoniiyle caligma, mekansal ekonometride literatiirde ilk kez onerilen dinamik ve baglamsal olarak
optimize edilmis mekansal agirlik matrisi yaklagimi ile yeni bir paradigma sunmaktadir.
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Tiirkiye’de issizlik Histerisinin Test Edilmesi: Yapay Sinir Aglar1 (ANN) Birim Kok Testi
Yaklasimi (1923-2024)

Oktay KIZILKAYA', Gékhan KONAT (Corresponding Author)?, Fatma KIZILKAYA?, Aysegiil
HAN*

Issizlik histerisi hipotezi, ekonomik soklarin issizlik oranlar1 {izerinde uzun vadeli ve kalic1 etkiler
birakabilecegini yani igsizlik oranlarinin dogal seviyesine otomatik olarak geri donmeyebilecegini
ileri stirmektedir. Bu hipotez, 6zellikle ekonomik krizler, yapisal doniisiimler ve biiyiik 6l¢ekli
toplumsal olaylarin isgiicli piyasalar1 {lizerindeki kalici etkilerini agiklamada 6nemli bir teorik
cerceve sunmaktadir. Bu baglamda Tirkiye igin issizlik histerisinin varhigim test etmek
amaclanmaktadir. Aragtirmanin kapsami, Cumhuriyet’in kurulugsundan giiniimiize kadar uzanan
yaklasik bir asirlik veri setini kapsamaktadir. Analizlerde Tiirkiye Istatistik Kurumu (TUIK) ve
Bulutay (1995)’in ¢alismasindan derlenen yillik igsizlik orani verileri kullanilmistir. Yontem
olarak, geleneksel Augmented Dickey-Fuller (ADF) testine ek olarak, Yaya vd. (2021) tarafindan
gelistirilen yapay sinir ag1 (ANN) tabanli birim kok testi uygulanmistir. Bu yontem, dogrusal
olmayan veri yapisini modelleme ve karmasik dinamik iliskileri yakalama kapasitesi sayesinde,
igsizlik gibi ekonomik zaman serilerinde gozlenebilen yapisal kirilmalar ve dogrusal olmayan
egilimleri daha etkin bi¢cimde analiz etme imkani sunmaktadir. Elde edilen sonuglara gore,
geleneksel ADF birim kok testi her iki modelde de duraganlik hipotezini reddetmistir. Ancak ANN
tabanli birim kok testi, ADF birim kok testi sonuglarinin aksine, birim kdk hipotezini
reddedememigtir. Bu durum, geleneksel testlerin igsizlik serisini duragan olarak
degerlendirebilecegini, ancak dogrusal olmayan yaklasimin serinin birim kok igerdigine ve
dolayisiyla issizlik histerisinin varligina isaret ettigini gostermektedir. Sonuglar, Tiirkiye’de isgiicii
piyasasinda yasanan soklarm kalici etkiler yaratabilecegini, dogal igsizlik oranina otomatik
doniisiin  gerceklesmeyebilecegini ortaya koymaktadir. Bu bulgu, politika yapicilar agisindan
onemlidir; zira gecici goriilen olumsuzluklarin uzun vadeli igsizlik sorununa déniismesini 6nlemek
icin proaktif istihdam politikalari, yapisal reformlar ve siirdiiriilebilir istihdam stratejilerinin
uygulanmasi gerektigini gostermektedir. Calisma, hem uzun dénemli veri seti kullanimi hem de
yeni nesil dogrusal olmayan birim kok testinin uygulamasi agisindan Tiirkiye literatiiriine 6zgiin
bir katki sunmaktadir.

Anahtar Kelimeler: Igsizlik, Histeri, Yapay Sinir Aglari, Yapay Sinir Aglar1 Birim Kok Testi,
Tiirkiye Ekonomisi.

1. oktay kizilkaya@ozal.edu.tr, Malatya turgut 6zal Universitesi

2. gokhan.konat@inonu.edu.tr, Bolu Abant Izzet Baysal Universitesi

3. fatma kizilkaya@ozal.edu.tr, Malatya turgut 6zal Universitesi

4. aysegullhann@gmail.com, Bagimsiz arastirmaci

September 24-26, 2025 35



22nd International Symposium on Econometrics, Operations Research and Statistics

The Impact of Health Expenditures and Socioeconomic Determinants on Life Expectancy:
A Robust MARS Analysis by Income Groups

Sinem Guler Kangalli UYAR (Corresponding Author)’

This study examines the effects of health expenditures and key socioeconomic variables, GDP per
capita, infant mortality rate, the share of the population aged 65+, and mean years of schooling, on
life expectancy over 2000-2022. We analyze three samples: (i) low- and lower-middle-income
countries, (ii) upper-middle- and high-income countries, and (iii) the full set of countries. To
mitigate the influence of outliers and capture nonlinear relationships, we employ a robust
Multivariate Adaptive Regression Splines (MARS) algorithm. The thresholds and variable-
importance rankings identified by robust MARS are policy-salient, indicating the levels at which
interventions are most effective and clarifying interaction structures among covariates.
The models exhibit high explanatory power, suggesting that much of the variation in life
expectancy is accounted for by the included variables. Results show that infant mortality is the
most influential determinant across all groups. GDP per capita is generally associated with longer
life expectancy; however, this effect is not statistically significant in the low-income group, while
in the high-income group it ranks second in importance after infant mortality. Mean years of
schooling does not display a direct standalone effect, yet exerts significant influence through
interactions, particularly with infant mortality and GDP per capita. Across country groups, we find
evidence that the effects of the explanatory variables on life expectancy differ depending on
whether they lie above or below specific threshold values. Overall, the findings indicate that one-
dimensional policies are insufficient; effective policy design should account for threshold effects
and nonlinearities.
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Ekonomik Gosterge Odakhh LSTM Modeli ile Tiirkiye'de Vergi Geliri Tahmini
Siireyya TEMELLI (Corresponding Author)'

Bu ¢alisma, Tiirkiye’de vergi gelirlerinin GSYIH icindeki oranini tahmin etmek icin Uzun Kisa
Siireli Bellek (LSTM) sinir aglarini kullanan bir zaman serisi tahmin modeli sunmaktadir. Modelde,
Diinya Bankasi’ndan alinan vergi geliri, GSYIH biiyiimesi ve enflasyon ile ilgili gegmis verilere
yer verilmistir. Ekonomik gostergelerdeki zamansal bagimliliklar yakalamak amaciyla gecikmeli
degiskenler olusturmak igin Oznitelik miihendisligi teknikleri uygulanmistir. Veriler, LSTM
mimarisiyle uyumlu hale getirilmesi i¢cin MinMax Ol¢ekleme ydntemiyle 6n isleme tabi
tutulmustur. En az 5 katman ve verinin en az tigte biri kadar egitim boyutu ile zaman serisi ¢capraz
dogrulama yontemi kullanilmigtir. LSTM modeli 32 birim, diizenlilestirme i¢in bir dropout katmani
ve yogun (dense) bir ¢ikt1 katmanindan olugsmaktadir. Model, Adam optimizasyon algoritmasi ve
ortalama kare hatas1 kayip fonksiyonu ile egitilmektedir. Asir1 6grenmeyi Onlemek icin erken
durdurma uygulanmaktadir. Modelin basarisi, ortalama mutlak hata ve kok hata kare ortalamasi
oOlgiitleriyle degerlendirilmektedir. LSTM aglan1 gibi veri odakli modellerin sinirlamalari,
olaganiistii ya da benzeri goriilmemis olaylarla karsilasildiginda belirginlesir. Bu modeller, gegmis
verilere dayali desenleri tanima ve tahmin etme konusunda basarilidir; ancak, egitim 6rneklerinden
onemli Ol¢lide sapma gosteren durumlara uyum saglamakta zorlanirlar. Bir bagka ifadeyle, yeni
veya beklenmedik gelismelerin meydana geldigi durumlarda, 6rnegin ekonomik krizler, teknolojik
atilmlar veya kiiresel pandemiler gibi, bu modeller dogru tahminler veya iggdriiler sunmada
yetersiz kalabilir. Sonuglar, LSTM modellerinin yetersiz kalabilecegi durumlar1 gosterirken ayni
zamanda ekonomik tahmin ve politika analizlerinde ekonomik teori ile gelismis makine 6grenimi
tekniklerinin bir arada kullanilmasi potansiyelini vurgulamaktadir.

Anahtar Kelimeler: LSTM, Zaman Serisi Tahmini, Vergi Gelirleri

Support / sponsor note: Not applicable

1. sureyyadal@trakya.edu.tr, Trakya University

September 24-26, 2025 37



22nd International Symposium on Econometrics, Operations Research and Statistics

Exchange Rate Pass-Through in the Turkish Economy: A Comparison of the Pre- and Post-
Pandemic Periods Using the MIDAS Approach

Serkan SAMUT (Corresponding Author)', Murat Can GENC?

In traditional multivariate time series models, the variables are expected to be of the same sampling
frequency. When variables have different frequencies, high-frequency variables are often
temporally aggregated. However, this transformation process may overlook important dynamics
contained in the high-frequency data. To address this issue, Ghysels et al. (2004) developed the
Mixed Data Sampling (MIDAS) model, which allows for the direct estimation with variables
sampled at different frequencies within the same model. Furthermore, Ghysels and Miller (2015)
provided a theoretical and empirical framework for testing potential cointegration relationships
between  variables of  different frequencies using the MIDAS  approach.
In the present study, the long-run effects of exchange rate pass-through (ERPT) in the Turkish
economy were analyzed using the MIDAS model. To measure this effect, the Consumer Price Index
(CPI) at a monthly frequency was used as the dependent variable, while the nominal exchange rate
at a weekly frequency and the import unit value index at a monthly frequency were used as
independent variables. In addition, Fourier terms were included in the analysis to capture smooth
structural breaks. For the period January 2003 - June 2025, the results indicate the existence of a
cointegrating relationship between the variables, with the long-run ERPT coefficient estimated at
1.004 and found to be statistically significant. This finding suggests that exchange rate shocks in
the Turkish economy are fully transmitted to the CPI approximately full pass-through. To examine
the long-run effect of ERPT in the pre-pandemic period, the same analyses used in the study were
re-applied to the dataset up to March 2020. The results reveal that a cointegration relationship also
exists in the pre-pandemic period, with the long-run ERPT coefficient estimated at approximately
0.880, which is also statistically significant. This indicates that the ERPT in the Turkish economy
increased after COVID-19, strengthening inflation dynamics through the import price channel.
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Global Variability of the COVID-19 Stringency Index
Esma BIRISCI (Corresponding Author)', Ramazan 0Z?

This study investigates the impact of lockdown measures on daily life during a pandemic, focusing
on the COVID-19 Stringency Index. Despite its broad usage, the index’s validity and applicability
across countries have raised concerns. The study aims to evaluate the effectiveness and cross-
national relevance of the index by examining how consistently it reflects policy impacts in different
national contexts. Advanced classification techniques—including Random Forest, K-Nearest
Neighbors, and Support Vector Machine algorithms—are employed to assess the Stringency
Index’s robustness. Data from twelve countries are analyzed individually and as a unified dataset,
allowing comparison of predictive accuracy to determine the index’s effectiveness across national
contexts. The analysis shows an impressive average accuracy rate of 80% for individual national
datasets. However, when the data from all twelve countries is combined into a unified dataset, the
accuracy rate drops to approximately 60%. This discrepancy suggests significant limitations, likely
due to differences in public sensitivity to COVID-19 restrictions and variations in data reporting
practices across countries. The findings indicate that the COVID-19 Stringency Index may not
consistently convey equivalent implications across diverse national contexts. To improve pandemic
policy metrics, there is a need for indices that are adaptable and culturally responsive, considering
cross-national variations and public sensitivity. This study contributes methodologically by
evaluating machine learning models for policy index robustness and conceptually by advocating
for indices that reflect contextual diversity. Insights from this research aim to inform future
strategies that support global public health through responses that are both data-driven and
culturally relevant.
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The Time Series Nature of Population Aging in Turkey: Growth Path or Chaos?
Seda ERTURK (Corresponding Author), Selguk KOC?

This study aims to analyze the long-term dynamics of population aging in Turkey and to determine
whether the process follows a deterministic trend or exhibits a low-dimensional deterministic
chaotic structure. The main hypothesis suggests that aging follows a deterministic and predictable
trend, whereas the alternative hypothesis posits that it displays chaotic behavior. To test these
hypotheses, median age and the share of population aged 65+ for the period 1950-2023 are
evaluated using unit root tests and structural break tests. On detrended series, the BDS test is
employed to detect nonlinear dependence, and the Hurst exponent is estimated to identify long-
term memory structure. Subsequently, the False Nearest Neighbors (FNN) method is applied to
determine the optimal embedding dimension, and finally, the presence of chaotic dynamics is tested
through Lyapunov exponent estimation. The analysis results are interpreted from two distinct
policy perspectives. If population aging demonstrates a trend-dominant structure, demographic
projections gain reliability, enabling long-term and stable investment planning in social security,
healthcare infrastructure, and labor market policies. Conversely, if aging exhibits chaotic dynamics,
although short-term predictability may be high, long-term uncertainty escalates rapidly. In such a
scenario, adaptive policy frameworks, scenario management, and frequent data updates become
essential. By defining the predictability horizon of population aging in Turkey, this study aims to
contribute both to the academic literature and to strategic decision-making for policymakers.

Keywords: Population aging, time series analysis, chaos theory, Lyapunov exponent, Turkey,
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Cluster Analysis and Mapping of Apartment Buildings in Istanbul Based on Physical
Characteristics

Bilge Kagan OZBAY (Corresponding Author)', Berker DAL?, Sinem Giiler Kangalli UYAR®

The advancement of urbanization has led to the diversification of building stocks and the
differentiation of energy consumption patterns in cities worldwide. Similar trends are observed in
Turkey, where the physical and energy characteristics of apartment-type buildings vary
significantly across urban areas. While modern, high-rise buildings dominate large metropolitan
areas, smaller and medium-sized cities are generally characterized by older, low-rise buildings with
lower insulation quality. Istanbul, in particular, exemplifies this diversity by encompassing both
modern high-rise apartments and older building stocks. Such heterogeneity has a substantial impact
on the city’s overall energy efficiency and sustainability potential, making detailed and
comprehensive analyses essential. In this context, the present study aims to cluster and map
apartment-type buildings in Istanbul using their physical characteristics through various clustering
techniques. The dataset used in the analysis is derived from Energy Performance Certificates
(EPCs) prepared for buildings. It includes 59,824 apartment observations and contains a wide range
of variables that reflect building energy performance—such as thermal transmittance coefficients
of structural elements, building age, number of floors and height, as well as the power capacities
of heating, cooling, domestic hot water, and lighting systems. Additionally, meteorological
variables such as average wind speed and average temperature are included to represent climatic
conditions. Using this dataset, K-Means, DBSCAN, Gaussian Mixture, and Hierarchical clustering
algorithms were applied to identify groups of buildings with similar physical and energy
characteristics. The results reveal that apartment buildings in Istanbul exhibit significant
heterogeneity in terms of their physical and energy-related properties. Buildings in different regions
can be grouped based on structural elements, age, and number of floors, reflecting the diversity of
energy consumption patterns across the city. Overall, the findings provide valuable insights for
assessing the energy performance of existing buildings and for developing targeted energy
efficiency and sustainability strategies.
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Dolarizasyon, Faiz Oram1 Ve Kur Dinamikleri Arasinda Dogrusal Olmayan iliskiler:
Tiirkiye Orneginde SETAR Yaklasim

Erkan AGASLAN (Corresponding Author)', Atilla GOKCE?, Hasan TURE®

Gelismekte olan iilkelerde finansal istikrarm en onemli belirleyicilerinden birisi dolarizasyon
olgusudur. Ulkede yasayan yerlesiklerin siirekli deger kaybetme egiliminde olan ulusal para birimi
yerine yabanci para birimini tercih etmeye baslamasi iilkelerin merkez bankalarinin para politikasi
kararlarinda etkinliklerini yitirmesine sebep olabilmektedir. Tiirkiye ekonomisinde degiskenlik
gosteren faiz kararlari, 6zellikle reel faiz oranimi degistirmekte ve doviz kuru hareketleriyle birlikte
dolarizasyon siirecinin yoniinii belirleyen baslica makroekonomik faktorlerden biri olmaktadir. Bu
kapsamda caligmada, dolarizasyon oraninin dinamikleri, faiz oran1 ve doviz kuru etkilesimleri
cergevesinde dogrusal olmayan modeller ile degerlendirilmistir. Calismanin veri seti, TCMB
Elektronik Veri Dagitim Sistemi’nden elde edilen haftalik politika faiz orani, USD/TRY kuru ve
yabanci para mevduatlarin toplam para arzin igerisindeki orani olarak ifade edilen dolarizasyon
gostergelerinden olusmaktadir. Tiirkiye ekonomisindeki rejim degisimlerini yakalayabilmek
amactyla Self-Exciting Threshold Autoregressive (SETAR) modeli kullanilmigtir. Bulgular,
politika faiz oraninin yaklasik %15,5 diizeyinde kritik bir esik deger olusturma egilimde oldugunu
ve bu esik degerin altinda dolarizasyon dinamiklerinin daha dengeleyici oldugunu gostermektedir.
Bu oranin {izerinde oldugu aksi durum ise dolarizasyon dinamiklerinin daha kalic1 ve ivmelenen
nitelikte olduguna isaret etmektedir. Bununla beraber kur hareketlerinin yiiksek faiz rejiminde
dolarizasyonu daha da gii¢lendirdigi, diisiik faiz rejiminde ise bu etkinin smirl kaldig1 tespit
edilmistir. Elde edilen sonuglar, faiz ve kur politikalariin dolarizasyon siireci {izerinde dogrusal
olmayan ve rejime bagl etkiler dogurdugunu ortaya koymakta; bu durum, finansal istikrar
politikalarinin tasariminda esnek ve rejim-duyarli yaklagimlari gerekliligini vurgulamaktadir.
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Spatial Correlation Analysis of the Social and Economic Development Ranking of Turkey’s

Provinces

Fatma ZEREN (Corresponding Author), Tugba Erdem ALADAG?, Osman PEKER *

Today, spatial data not only provide information about the physical characteristics of a location but
also allow for the analysis of relationships between these locations. However, classical statistical
methods, especially when dealing with binary or categorical variables, are often insufficient to
reveal how these relationships are organized in space. Yet, many types of social data—such as
crime rates, education levels, population growth, or health indicators—often take discrete rather
than continuous values. This limits the flexibility of traditional spatial analyses. At this point, local
spatial statistics developed for categorical variables, particularly Join Count statistics, which
represent an alternative interpretation of LISA-type analyses, become highly relevant. These
methods not only show the spatial distribution of values but also reveal whether areas with the same
value are spatially clustered. For instance, testing whether neighborhoods with positive population
growth in a city are adjacent to each other answers not only the question “where is there growth?”
but also “is this growth clustering?” Spatial analyses with categorical variables are of great
importance, especially in guiding strategic interventions in decision support systems, urban
planning, public health, and security. This is because what matters is not only the variable itself but
also its spatial context, which provides policymakers with critical insights. For example, the
clustering of similar types of crime in the same neighborhoods can serve as an important clue in
preventive policy strategies. In this context, this study includes an application on local spatial
autocorrelation analyses developed for categorical variables, namely Quantile LISA and Join Count
statistics. For the purpose of the application, the socio-economic development indicator of Turkey’s

81 provinces will be used.
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Structural Breaks and Fourier Cointegration in the Dynamics of PETKIM Stock Prices and
the USD/TL Exchange Rate

Nazrin Gurban BURJALIYEVA (Corresponding Author)'

This article investigates the dynamic interaction between Petkim stock prices and the USD/TL
exchange rate from 1 May 2023 to 29 March 2024, using 240 daily observations. Bai—Perron
multiple structural break tests identify significant regime shifts in both series, underscoring that the
relationship is time-varying rather than stable. Focusing on the first identified regime (1 May — 23
June 2023), Augmented Dickey—Fuller tests confirm non-stationarity at levels and stationarity at
first differences. Frequency-domain Granger causality analysis reveals strong unidirectional
causality from the exchange rate to Petkim prices across low- and medium-frequency bands, while
the reverse effect remains weak. Within the same regime, incorporating Fourier functions into the
Johansen framework provides robust evidence of at least one cointegrating vector, indicating a
long-run equilibrium relationship despite short-run volatility. Estimation of a Fourier Vector Error
Correction Model shows that deviations from equilibrium are corrected more rapidly in stock prices
than in the exchange rate, highlighting asymmetric adjustment dynamics. Given Petkim’s
dependence on foreign currency inputs and export revenues, its stock valuation is naturally tied to
exchange rate movements. Overall, the findings emphasize the decisive role of currency
fluctuations in firm-level pricing and demonstrate the methodological importance of Fourier
functions for capturing regime-dependent financial relationships.
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Cointegration test; Fourier Vector Error Correction Mode
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Foreign Exchange Rate Forecasting Using Machine Learning Methods and Determining
Variable Importance Ratings With Explanable Artificial Intelligence

Hasan Séyler', Mustafa Gokge (Corresponding Author)?

The exchange rate is an important variable that affects inflation, imports, exports and the trade
balance. Changes in global capital flows, particularly monetary policies implemented by the US
Federal Reserve (FED), have an impact on developing countries. Unexpected changes and
uncertainties in the exchange rate negatively affect economic balance and stability, increasing
country risk premiums, fragility, and inflation, and potentially leading to economic crises. From an
economic and fiscal policy perspective, the predictability of the exchange rate is crucial. In addition
to econometric methods, non-linear machine learning methods are used in economic and financial
analyses and yield successful results. In this study, unlike previous studies in the literature,
prediction accuracies were compared based on RMSE and MAPE error values using boost
algorithms (XGBoost, LightGBM, CatBoost), YDF methods (YDF-Random Forest, YDF-Gradient
Boosting), and deep learning methods. After the exchange rate forecast was made, the SHAP
(SHapley Additive exPlanations) method, developed for the model's explainability, was used. This
method determines the direction and extent of the independent variables' impact on the forecast
model. Thus, the decision structure of machine learning methods, which operate as a black box, is
explained. The study utilised monthly money supply, inflation, interest rates, reserves, stock
market, industrial production, and export-import ratio variables for the years 1990-2025. Among
these variables, the best prediction results were obtained with the BIST, SP500, reserves, gold
ounce, US and Turkish money supply variables. The best prediction success was achieved with the
deep learning method (RMSE=1.921 and MAPE=0.049). By analysing the effects of the variables
with the SHAP analysis method, it was concluded that the variables with the highest impact
magnitude were, in order, BIST, SP500, US money supply, Turkish money supply, reserves, and

gold ounce value.

Keywords: Exchange Rate, Machine Learning, Price Prediction, SHAP Analysis.
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TURKIYE’DE DOGRUDAN YABANCI YATIRIMLARIN MAKROEKONOMIK
BELIRLEYICILERININ ANALIZi: ARDL YAKLASIMI (1990-2024)

Cetin Goriir!

(0Y4

Dogrudan yabanci yatirim (DY), sermaye birikimi, teknoloji transferi, istthdam yaratim1 ve kiiresel ekonomiyle
entegrasyonu saglayarak ekonomik kalkinmada kritik bir rol oynar. Tiirkiye gibi gelismekte olan iilkeler i¢in DY'Y
¢ekmek, verimliligi artirmak ve siirdiiriilebilir biiyliimeyi saglamak acisindan biiyiik 6nem tasir. Bu ¢aligma, 1990-
2024 doneminde Tiirkiye’de dogrudan yabanci yatirimlar etkileyen ekonomik biiyiime, istihdam ve enflasyon
etkilerini detayl sekilde incelemeyi amaglamaktadir. Bu donem, Tiirkiye’nin yatirim ortaminda 6nemli ekonomik
doniisimler ve politika degisikliklerini igermektedir. Analiz i¢in ilgili degiskenlere ait yillik veriler Diinya
Bankasi’ndan temin edilmistir. Degiskenlerin farkli entegrasyon derecelerine sahip olmasi sebebiyle, kisa donem
dinamikleri ve uzun dénem denge iliskilerini incelemek amactyla Otoregresif Dagitimli Gecikmeli (ARDL) sinir
testi yontemi tercih edilmistir. Sonuglar, degiskenler arasinda uzun dénem dengeli bir esbiitiinlesme iligkisi
oldugunu gostermis ve ARDL modelinin kullanimimi dogrulamistir. Ampirik bulgular, ekonomik biiylimenin DYY
girigleri lizerinde pozitif ve istatistiksel olarak anlamli bir etkisi oldugunu ortaya koymustur. Bu durum, biiyiiyen
ekonomilerin yabanc yatirimcilar i¢in pazar potansiyeli ve karlilik sinyali verdigini gostermektedir. Buna karsilik,
isttihdam ve enflasyon degiskenleri ise DY'Y {izerinde anlamli ve negatif etki yapmaktadir. Bu da isgiicii piyasasi
kosullar1 ve makroekonomik istikrarsizligin yabanci yatirimlart olumsuz etkileyebilecegini isaret etmektedir.
Modelin agiklayicilig: yiiksek olup, R? degeri 0,907 ve diizeltilmis R? degeri 0,820 olarak hesaplanmustir. Ayrica,
tiim klasik regresyon varsayimlarinin saglanmasi, bulgularin giivenilirligini desteklemektedir. Genel olarak, bu
aragtirma Tiirkiye’de DY Y nin belirleyicilerine iligkin giincel ve kapsamli ampirik kanitlar sunarak, ekonomik
politika gelistirme siirecine degerli katkilar saglamaktadir.

Anahtar Kelimeler: Dogrudan yabanci yatirim, ekonomik biiylime, istihdam, enflasyon, ARDL koentegrasyon

ANALYZING THE MACROECONOMIC DETERMINANTS OF FOREIGN DIRECT
INVESTMENT IN TURKIYE: AN ARDL APPROACH (1990-2024)

ABSTRACT

Foreign direct investment (FDI) serves as a crucial driver for economic development by facilitating capital
accumulation, technology transfer, employment creation, and integration into the global economy. For emerging
economies like Tiirkiye, attracting FDI is essential to enhance productivity and sustain long-term growth. This
study aims to comprehensively examine the effects of key macroeconomic determinants-namely economic growth,
employment, and inflation-on FDI inflows in Tiirkiye, covering the period from 1990 to 2024. The choice of this
timeframe captures significant economic transitions and policy shifts that have shaped Tiirkiye’s investment
climate. Data for the analysis were obtained from the World Bank, encompassing annual observations on the
relevant variables. Given that the variables exhibited different orders of integration, the Autoregressive Distributed
Lag (ARDL) bounds testing approach was employed to investigate both short-run dynamics and long-run
equilibrium relationships without the prerequisite of uniform stationarity. The results reveal evidence of a stable
long-run cointegration among the variables, validating the use of the ARDL model. Empirical findings indicate
that economic growth positively and significantly influences FDI inflows, underscoring the role of a growing
economy in attracting foreign investors by signaling market potential and profitability. Conversely, both
employment levels and inflation rates display statistically significant negative relationships with FDI, suggesting
that labor market conditions and macroeconomic instability may deter foreign investment. The estimated model
demonstrates excellent explanatory power, with an R? of 0.907 and an adjusted R? of 0.820, and diagnostic tests
confirm that all classical regression assumptions are satisfied, ensuring the reliability of the results. Overall, this
research contributes to the existing literature by providing updated empirical evidence on the determinants of FDI
in Tiirkiye using a rigorous econometric framework, offering actionable insights for economic policy design.

Keywords: Foreign direct investment, economic growth, employment, inflation, ARDL cointegration

"' Ogr. Gér. Dr., Van Yiiziincii Y11 Universitesi

September 24-26, 2025 46



22nd International Symposium on Econometrics, Operations Research and Statistics

INTRODUCTION

Foreign direct investment (FDI) is commonly defined as a long-term cross-border investment
by a resident entity of one economy that enables a lasting interest and significant degree of
control in an enterprise located in another economy. Unlike portfolio flows, FDI provides not
only financial capital but also facilitates technology transfer, managerial expertise, and access
to global markets, thereby serving as an important driver of development in host countries. For
developing economies such as Tiirkiye, FDI constitutes a stable source of external finance and
has the potential to enhance productivity, innovation, and competitiveness (Dunning, 1993;
UNCTAD, 2023).

The relationship between FDI and economic growth has been widely analyzed in both
theoretical and empirical literature. According to the neoclassical growth model, FDI
contributes to economic growth by augmenting capital accumulation and thereby raising output
in the host economy (Solow, 1956). Endogenous growth theory extends this argument by
suggesting that FDI stimulates growth not only through capital but also via technology
spillovers, knowledge transfer, and human capital development (Romer, 1986). Empirical
evidence supports these claims, with Borensztein, De Gregorio, and Lee (1998) showing that
FDI is more effective than domestic investment in fostering growth, provided the host country
possesses sufficient absorptive capacity.

FDI also has important implications for employment. From a neoclassical perspective, foreign
investment is expected to create new job opportunities by expanding production capacity and
generating demand for labor. In Tiirkiye, the increase in the number of foreign-invested firms
over the last two decades illustrates the potential of FDI to stimulate employment. However,
the critical school emphasizes that the employment effects of FDI are not always
straightforward, as inflows may result in profit repatriation, limited local linkages, or the
displacement of domestic firms (Mencinger, 2003). This dual perspective highlights the
importance of country-specific empirical analyses to assess the net impact of FDI on labor
markets.

The nexus between FDI and inflation is more ambiguous. On the one hand, high and volatile
inflation discourages foreign investors by increasing uncertainty and transaction costs, thereby
reducing FDI inflows. On the other hand, moderate levels of inflation may not deter investment
and could even encourage capital inflows by reducing the real cost of borrowing and stimulating
demand (Mundell, 1963; Tobin, 1965). Recent empirical studies further suggest that the
relationship between FDI and inflation may be nonlinear, with effects varying between the short
and long run (Mahmoodi & Mahmoodi, 2016).

Recent empirical studies have examined the determinants of foreign direct investment (FDI)
from diverse perspectives, focusing particularly on taxation, globalization, institutional quality,
and macroeconomic stability. For instance, Harman et al. (2024) investigated the effects of tax
wedges on FDI across 37 OECD countries over the period 2000-2022. Their results, based on
random effects and feasible generalized least squares estimations, indicated that a 1% increase
in the tax wedge reduces FDI by 0.16%, highlighting the deterrent role of taxation in attracting
foreign capital. In a similar line, Yildirimgakar et al. (2021) analyzed different types of taxes-
international trade, income, profit, and customs duties-for 36 OECD countries between 1995-
2019 and found that these taxes exerted a long-term negative impact on FDI inflows.
Complementary evidence is provided by Hizarc1i Beser and Hoxha (2024), who explored
Albania’s tax reforms and found that improvements in the tax system played a significant role
in attracting foreign investors, even though FDI stock levels remained below expectations.

The role of globalization and trade openness has also been a recurring theme in the literature.
Ugurlu (2024), applying the ARDL approach for Tiirkiye between 1973 and 2020, revealed that
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globalization-as measured by the KOF Globalization Index-positively affected FDI inflows in
the long run, alongside GDP per capita and trade openness, while inflation reduced foreign
capital inflows. Similarly, Tavus and Azazi (2024) used Johansen cointegration techniques for
Tiirkiye (1970-2022) and confirmed a positive long- and short-term relationship between trade
openness and FDI, with causality tests further showing a one-way causality from trade openness
to foreign investment. On a broader scale, Degirmenci et al. (2024) analyzed BRICS-T
countries between 1995-2021 and concluded that economic globalization fosters FDI inflows
in Brazil, India, and in the overall panel, while tax burdens negatively affected South Africa but
increased FDI in Tiirkiye.

In addition to globalization, institutional quality and domestic savings are critical factors linked
to FDI inflows. Bozkurt (2024), employing an augmented ARDL model for the period 1995—
2023, found a long-run relationship among FDI, institutional quality, and domestic savings in
Tiirkiye. The results highlighted that improvements in institutional quality and rising FDI
positively influence domestic savings. Similarly, Ates and Arslan (2025) emphasized the
importance of economic complexity, showing that higher complexity levels, driven by
innovation and skilled labor, significantly attract more FDI in a panel of 127 countries during
2000-2019. These findings underscore the role of knowledge-based policies and institutional
development in fostering sustainable capital inflows.

Other studies have explored the implications of global uncertainty and geopolitical risks. Akdag
and Iskenderoglu (2025) applied Granger and frequency domain causality methods to examine
the relationship between FDI and uncertainty indicators (EPU, WUI, GPR, VIX) for several
Eurasian countries, including Tiirkiye, over the period 1993-2021. Their results revealed
country-specific causality patterns, showing that uncertainty influences FDI inflows differently
depending on the economic and political context. Likewise, Akpilic (2025), using system GMM
for 122 countries, demonstrated that global uncertainties tend to reduce FDI inflows in
emerging and low-income economies, though the presence of strong institutional frameworks
and financial development can mitigate these negative effects.

Several contributions have also evaluated the attractiveness of FDI in emerging economies
using multi-criteria approaches. Aydemir (2025) assessed BRICS-T countries during 2019-2023
with MCDM methods, finding that indicators such as the corruption perception index and
economic freedom index are significant determinants of FDI attractiveness, while Tiirkiye,
China, and India emerged as the leading destinations. Similarly, Chen et al. (2023) examined
Chinese FDI in Japan and emphasized the importance of business and national determinants-
including intellectual property, managerial practices, and innovation-in shaping international
investment decisions. Dang et al. (2024), focusing on Vietnam, highlighted the significance of
both hard and soft infrastructure in shaping investor satisfaction and loyalty, suggesting that
policy improvements in these areas can enhance FDI sustainability.

Studies focusing on the Middle East and developing economies further expand the debate.
Elimam and Alattas (2025), employing ARDL models for Saudi Arabia (1980-2022),
concluded that FDI exerts a positive and significant effect on sustainable economic growth,
with evidence of bidirectional causality. Zaharum et al. (2024) found that in Malaysia, GDP,
inflation, and exchange rates positively influenced FDI, while real interest rates, trade openness,
and unemployment had negative effects. Similarly, Fitriyani and Andrian (2024) investigated
Indonesia (2010-2022) using GMM estimations, reporting that infrastructure, macroeconomic
stability, and market size significantly shape FDI inflows. Maibetly and Idris (2021) extended
the analysis to ASEAN+3 lower-middle-income countries (2011-2019), finding that ICT and
trade openness positively affected FDI, while GDP, population, and inflation exerted negative
mpacts.
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Overall, the reviewed literature highlights the multidimensional nature of FDI determinants,
encompassing taxation, globalization, institutional capacity, uncertainty, and macroeconomic
stability. While some studies underline the enabling role of globalization and institutional
quality, others stress the negative impact of taxation and uncertainty on foreign capital. These
mixed results suggest that the relationship between FDI and its determinants is highly context-
specific, warranting country-level empirical analysis such as the present study focusing on
Tiirkiye.

Against this backdrop, the purpose of this study is to investigate the dynamic relationships
between FDI and key macroeconomic variables-economic growth, employment, and inflation-
in the context of Tiirkiye. By applying the Autoregressive Distributed Lag (ARDL) model, the
study aims to capture both the short-run adjustments and the long-run equilibrium linkages
among these variables. This approach not only contributes to the empirical literature on FDI but
also provides policy-relevant insights into how Tiirkiye can better leverage foreign investment
to foster sustainable growth, improve labor market outcomes, and maintain macroeconomic
stability.

1. MATERIAL AND METHOD

This study employs annual time series data covering the period 1990-2024 for Tiirkiye,
obtained from the World Bank database. The dependent variable is foreign direct investment
(FDI), while the independent variables are economic growth, employment, and inflation, which
are considered the main macroeconomic determinants of FDI inflows. To investigate both short-
run dynamics and long-run equilibrium relationships among the variables, the Autoregressive
Distributed Lag (ARDL) model developed by Pesaran, Shin, and Smith (2001) is applied. The
ARDL approach is particularly suitable in this context as it allows for the estimation of
cointegration relationships irrespective of whether the underlying series are integrated of order
I(0) or I(1), provided none is I(2). In addition, the model efficiently captures dynamic
adjustments through the error correction mechanism, thereby offering robust insights into the
temporal interactions between FDI and the selected macroeconomic variables. Eviews 12
program was used for analysis in the study.

1.1. Stationarity in Time Series

Stationarity refers to the condition in which the mean and variance of a time series remain
constant over time. A stationary series fluctuates around its mean and tends to return to
equilibrium after temporary shocks. The presence of a unit root indicates non-stationarity,
which may lead to spurious regression results and unreliable inferences (Altun et al., 2018;
Isleyen et al., 2018; Demir et al., 2023). Thus, testing for stationarity is essential to ensure the
validity of econometric models.

Unit root tests are the most widely used tools for examining stationarity. The Dickey-Fuller
(DF), Augmented Dickey-Fuller (ADF), and Phillips-Perron (PP) tests are frequently applied.
Since the assumption of stationarity is critical in econometric modeling and financial analysis,
the absence of this property may produce biased or misleading results. Therefore, determining
the stationarity of the series and conducting relevant tests constitute a fundamental step in time
series analysis (Demir et al., 2023).

1.2. Augmented Dickey Fuller Test

The ADF test is one of the most widely used statistical procedures for testing the presence of a
unit root in time series. While the standard DF test assumes an AR(1) process without
autocorrelation in the error term, the ADF test improves this framework by including lagged
values of the dependent variable to account for autocorrelation in higher-order autoregressive
processes (Konakli, 2020). A fixed+trend model was created by adding B_1 t to the fixed model.
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Thus, equation (1) represents the fixed model and equation (2) represents the fixed+trend
model.

p
AYt == ﬁo + +5Yt—1 + Z

i=

QY+ (1)
1

p
AYt == ﬁo +Blt + 6Yt—1 + Z

1=

1

where; Ay,; represents the first difference of the variables, y,_;; lagged difference trend, t; a
time trend, f; constant term, p; appropriate lag length, &;; error term, f;, § and a; represent
the relationship coefficients (Pata et al., 2016; Demir et al., 2023). Hypothesis tests for ADF are
established as follows.

Hy: 6 = 0 (The series is not stationary)
H;: 6 # 0 (The series is stationary)

The null hypothesis of the ADF test assumes the presence of a unit root (non-stationarity),
whereas the alternative hypothesis suggests stationarity (Hamilton, 1994; Enders, 2014; Demir
et al., 2023).

1.3. Stationarity in Time Series

The PP unit root test is a transformation of the ADF test and asymptotically removes the
dependence on parameters. In the PP approach, the regression equations in the DF procedure
have been replaced with a transformation of the test statistic. This test gives stronger results
than DF and ADF tests in the stationarity analysis of trending time series.

ye=[R+ay.,+& 3)
ita 3(t—21) 4z “
Ye=Utayiq +ﬁ<t_§T)+5t

The equations related to the test are given in equations (3) and (4). Here, the coefficients of the
OLS regression model are denoted by u, a and 3, the number of observations is 7, and the error
term is €. Since the data generation process, t-statistics, and coefficients remain the same when
a non-zero constant term is added to the models given in equations (3) and (4), equation (5) can
be used instead.

Ve =pU+ay._1+¢& t=1,2,...,n %)

Since the PP test shares the same limiting distribution as the DF test, critical values from the
DF tables are also used for PP results (Hamilton, 1994; Enders, 2014; Konakli, 2020; Demir et
al., 2023). The hypotheses for the PP unit root test are established as follows (Demir, 2021).

Hy: 6 = 0 or p = 1 (The series is non-stationary or contains a unit root)
Hi: 6 < 0or p <1 (The series is stationary or does not contain a unit root).
1.4. Cointegration

Cointegration analysis investigates long-term relationships among non-stationary variables.
When variables are cointegrated, they may not exhibit short-term causality, but they tend to
move together in the long run, maintaining a stable equilibrium. This approach is widely used
in financial and macroeconomic studies to examine relationships such as those between interest
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rates and inflation or between exchange rates. The concept was formally introduced by Engle
(1981) and Engle and Granger (1987), who emphasized that analyses conducted with non-
stationary variables may lead to invalid results unless cointegration is considered (Demir, 2021;
Ozen et al., 2023).

1.5. Autoregressive Distributed Lag (ARDL)

The Autoregressive Distributed Lag (ARDL) model, introduced by Pesaran and Shin (1999),
enables the analysis of both short-run and long-run dynamics regardless of whether variables
are integrated at I(0) or I(1). This feature makes ARDL particularly advantageous when the
order of integration is mixed. In the ARDL bounds testing procedure, if the F-statistic exceeds
the upper critical value, cointegration is confirmed; if it falls below the lower bound, no
cointegration exists. Inconclusive results occur when the statistic lies between the bounds. Once
cointegration is established, both short-run dynamics and long-run equilibrium coefficients can
be estimated, often through an error correction model (ECM). This makes ARDL a powerful
tool for policy analysis and forecasting (Pesaran & Shin, 1999; Demir et al., 2023). t =
1,2,3,...,T with a time dimension, represents an ARDL (p, q) process, within the framework
of an error correction model, which illustrates long-term relationships and deviations from the
equilibrium point in the short term. It is expressed with the following general structure:

p q
Ayt = Q)yt—l + ﬁxt_l + Z]_lll Ayt—j + Z . 6]Axt_} + St (6)

j=
Short-term relationships are interpreted based on the lagged values of differences, while long-
term dynamic relationships are interpreted based on the value obtained by dividing 1 by the
difference between the sum of coefficients for lagged independent variables and the sum of
lagged coefficients of the dependent variable, over one lag period (Demir, 2021). The following
hypotheses are established in determining the cointegration relationship with the ARDL bounds
test.

Hy: y; =y, =...= 0, There is no cointegration relationship.
Hi:y, # y, #...# 0, There is a cointegration relationship.
1. MATERIAL AND METHOD

This section presents the econometric methods used in the study and the empirical results
obtained in detail. First, the stationarity properties of the series were examined using unit root
tests, and it was observed that the variables were stationary at different levels. This situation
made the use of the ARDL bounds test approach methodologically appropriate. Subsequently,
the long-term cointegration relationship and short-term dynamics were analyzed, and the
findings obtained were interpreted with the help of tables and statistical indicators. Equation
(7) reports the estimated ARDL(4,2,4,4) model.

4

AFDI, = @FDI,_, + B,GDP,_, + B,EMP,_; + B3INF,_; + A; AFDI,_;
2 4 4 = (7)
+2 511AGDPt_]+ 62}AEMPt_]+ 63jAINFt—j+£t
j=1 J=1 J=1

here, @, B,, B> and [ are coefficients showing level (long term) indicators; A;, short-term
lagged differential effects of FDI; 8;;, &;; and 85; represents the short-term effects of the
independent variables.

Table 1 lists the dependent and independent variables, their abbreviations and the data source
(World Bank WDI, 1990-2024).
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Table Error! No text of specified style in document.. Abbreviations and references of the variables used

X;l;?:‘l:a tions Variable Expansion Source Year
Annual Foreign Direct World Bank Official Website 1990-2024
FDI Investment Ratio (https://databank.worldbank.org/source/world-
(Dependent Variable) development-indicators )
Annual Economic Growth World Bank Official Website 1990-2024
GDP (https://databank.worldbank.org/source/world-
Rate .
development-indicators )
World Bank Official Website 1990-2024

Employment  Annual Employment Rate  (https://databank.worldbank.org/source/world-
development-indicators )
World Bank Official Website 1990-2024
Inflation Annual Inflation Rate (https://databank.worldbank.org/source/world-
development-indicators )

Table 1 documents that FDI (annual foreign direct investment ratio) is the model’s dependent
variable and the explanatory set contains GDP (annual economic growth rate), Employment
(annual employment rate) and Inflation (annual inflation rate), all drawn from the World Bank
WDI for 1990-2024.

Table 2 reports ADF and Phillips-Perron tests at levels (I(0)) and first differences (I(1)) for each
series.

Table 2. Unit root tests for I1(0) and I(1) levels of variables

< 1(0) I(1)
2 c Trend and Trend and
]
= = Intercept Intercept Intercept Intercept
- t-st. p-value t-st. p-value t-st. p-value t-st. p-value
FDI -2.331 0.168 -2.320 0.412 -5.350  <0.001  -5.308  <0.001
E GDP -6.1739  <0.001  -6.181  <0.001
< Employment -2.415 0.145 -0.591 0.973 -4911  <0.001 -5.972  <0.001
Inflation -2.049 0.265 -0.541 0.975 -7.423  <0.001  -5.512  <0.001
FDI -2.226 0.201 -2.209 0.469 -7.7724  <0.001  -9.586  <0.001
A GDP -7.285  <0.001 -8.094  <0.001
A~ Employment -2.004 0.283 -0.555 0.975 -4921  <0.001 -5.989  <0.001
Inflation -1.925 0.317 -1.913 0.625 -7.740  <0.001  -7.779  <0.001

According to Table 2, the unit-root results show a mixed orders-of-integration pattern: GDP is
stationary in levels (I(0)) with strongly significant ADF and PP statistics (ADF t = —=6.17, p <
0.001; PP t=—7.285, p <0.001), whereas FDI, Employment and Inflation are non-stationary in
levels but become stationary after first differencing (I(1)), as evidenced by significant test
statistics at the I(1) stage. A mixed 1(0)/I(1) structure is precisely the setting in which the ARDL
bounds testing approach is most appropriate because ARDL does not require all variables to be
integrated of the same order provided none are I(2). In particular, since GDP is 1(0) at levels
while the other regressors are I(1), the ARDL framework (and the bounds test for cointegration)
is the correct choice for estimating both the short-run dynamics and the long-run relationship
among the variables.

Table 3 reports the F-statistic for the bounds test (k = 3 independent variables) and the
appropriate critical values.
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Table 3. ARDL cointegration boundary test

Nlllflbel' of Independent F statistic Value Significance Level Critical Values
Variables (k) Lower L.  Upper L.
1% 4.614 5.966
3 10.691 5% 3.272 4.306
10% 2.676 3.586

According to Table 3, the computed F-statistic for the bounds test is 10.691. That value lies well
above the reported upper bound even at the 1% significance level (upper critical value = 5.966).
Econometrically, this provides very strong evidence to reject the null hypothesis of “no long-
run relationship” among the variables. In other words, despite the mixed integration orders, the
series appear to be cointegrated: there exists a stable long-run equilibrium linking FDI, GDP,
Employment and Inflation. This justifies reporting and interpreting the long-run ARDL
coefficients and the associated Error-Correction representation.

Figure 1. Graph of CUSUM and CUSUM of squares
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The stability of the estimated ARDL model was further examined using the CUSUM and
CUSUM of Squares tests, as presented in Figure 1. The CUSUM test (left panel) indicates that
the recursive residuals remain well within the 5% significance bounds throughout the sample
period, suggesting that the short-run dynamics of the model are stable and not subject to
structural shifts. Similarly, the CUSUM of Squares test (right panel) shows that the squared
recursive residuals also lie within the critical bounds, further supporting the absence of
parameter instability or variance shifts over time. Given that the model covers the period 1990—
2024, during which the Turkish economy experienced several macroeconomic shocks-
including episodes of high inflation, employment fluctuations, and substantial changes in
foreign direct investment inflows-the stability of the estimated coefficients is particularly
noteworthy. These results confirm that the ARDL model linking foreign direct investment (FDI)
as the dependent variable with economic growth, employment, and inflation as explanatory
factors is robust and reliable for both short- and long-run inference, providing confidence in the
empirical findings derived from this specification.

Table 4 lists serial correlation (Breusch—Godfrey LM), heteroskedasticity (Breusch—Pagan /
Godfrey), normality (Jarque—Bera) and functional form (Ramsey RESET) test statistics and p-
values.
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Table 4. Diagnostic test results for ARDL (4, 2, 4, 4) model

Diagonistic Test Test Statistic Prob. (p)
R? 0.907

Adj.R? 0.831

Breush Godfrey LM Test 6.147 0.183
Breush Pagan Godfrey Test 16.829 0.466
Jargue Bera Normality Test 0.686 0.709
Ramsey Reset Test 1.447 0.254

The diagnostic statistics presented in Table 4 indicate that the ARDL(4,2,4,4) specification
provides a robust fit to the data. The model explains a high proportion of the variation in FDI,
with an R? of 0.907 and an Adj. R? of 0.831, suggesting strong explanatory power even after
accounting for degrees of freedom. The Breusch—Godfrey LM test (p = 0.183) fails to reject the
null of no serial correlation, implying that the residuals are free from significant autocorrelation.
Similarly, the Breusch—Pagan—Godfrey test (p = 0.466) indicates no evidence of
heteroskedasticity, supporting the homoskedasticity assumption. The Jarque—Bera statistic
(p = 0.709) confirms that the residuals are approximately normally distributed, validating the
reliability of standard t- and F-tests. Finally, the Ramsey RESET test (p = 0.254) provides no
evidence of functional form misspecification, suggesting that the chosen lag structure and
model specification are appropriate. Taken together, these results support the adequacy of the
estimated ARDL model and enhance confidence in the subsequent long-run and short-run
coefficient interpretations.

The estimation results reported in Table 5 provide both the long-run cointegrating coefficients
and the associated error-correction dynamics for the ARDL specification. Collectively, these
findings confirm the presence of a stable long-run equilibrium relationship between FDI, GDP,
Employment, and Inflation.

Table 5. Long-run ARDL cointegration results

Variables Coefficient Std. Error t-Statistic Prob.
CointEq(-1)* -0.885 0.041 -5.442 <0.001
Constant (C) -0.415 0.128 -3.238 0.007
GDP 0.081 0.025 3.170 0.008
Employment 0.126 0.053 -2.367 0.035
Inflation -0.010 0.005 -2.119 0.041

According to Table 5, First, the error-correction term (CointEq(—1)) is negative (—0.885) and
highly significant (p < 0.001). This result validates the existence of cointegration among the
variables, as it indicates that any short-run disequilibrium is corrected over time. The
magnitude, however, is relatively large in absolute terms, suggesting a rapid — even
overshooting — adjustment towards long-run equilibrium. From an economic perspective, this
implies that deviations of FDI from its equilibrium level are quickly corrected in response to
changes in the explanatory variables, reflecting the sensitivity of capital inflows to
macroeconomic fundamentals.

Turning to the long-run coefficients, the findings are consistent with theoretical expectations.
The coefficient for GDP is positive (0.081) and statistically significant at the 1% level,
underscoring the role of economic growth in attracting foreign capital. This aligns with the
notion that expanding economic activity signals higher returns and market potential, thereby
encouraging FDI inflows. From a policy perspective, sustaining GDP growth remains a vital
driver for long-term investment attractiveness.
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The coefficient for Employment is also positive (0.126) and statistically significant (p <
0.05). This suggests that improvements in labor market performance, measured through higher
employment rates, contribute positively to foreign investment. A well-functioning labor market
provides both a stable workforce and a larger consumer base, both of which are critical
determinants for multinational firms when considering investment destinations. Economically,
this result highlights the importance of labor market stability and employment-oriented policies
in fostering a favorable investment climate.

In contrast, Inflation exhibits a negative long-run impact on FDI (—0.010, p < 0.05). This
finding is in line with standard economic theory, which posits that macroeconomic instability,
reflected through persistent inflation, undermines investor confidence by eroding real returns
and increasing uncertainty. Even though the magnitude of the coefficient is relatively small, its
significance indicates that maintaining price stability is a crucial condition for sustaining
foreign investment inflows.

Finally, the constant term is negative and significant (—0.415, p < 0.01), indicating that when
the explanatory variables are held at zero, the baseline level of FDI is below average. While
constants often lack direct economic interpretation, this result implies that structural and
institutional factors beyond the modeled variables may also play a role in shaping FDI inflows.

Overall, the long-run results confirm that strong economic performance (GDP), favorable labor
market conditions (Employment), and price stability (low Inflation) are key determinants of
FDI in the Turkish economy during the sample period. The significance of the error-correction
mechanism further suggests that deviations from equilibrium are not persistent, and the system
rapidly converges back to its long-run path. From both econometric and economic perspectives,
these findings underscore the importance of growth-oriented and stability-focused
macroeconomic policies in enhancing Tiirkiye’s attractiveness to foreign investors.

CONCLUSION AND DISCUSSION

The empirical findings of this study provide important insights into the determinants of foreign
direct investment (FDI) in Tiirkiye over the period 1990-2024. The ARDL bounds test
confirmed the existence of a long-run equilibrium relationship between FDI, economic growth,
employment, and inflation, validating the appropriateness of the chosen methodology in the
presence of mixed integration orders. The stability diagnostics, supported by CUSUM and
CUSUM of Squares tests, indicated that the estimated model is dynamically stable and robust
to structural shocks, despite the significant macroeconomic fluctuations experienced during the
sample period.

The long-run estimation results reveal that economic growth exerts a positive and statistically
significant effect on FDI inflows, consistent with the theoretical expectations of both
neoclassical and endogenous growth models (Solow, 1956; Romer, 1986). This finding supports
the argument of Borensztein et al. (1998) that higher growth prospects enhance a host country’s
absorptive capacity and market potential, thereby attracting foreign capital. Similar evidence
was reported by Ugurlu (2024), who identified GDP growth as a key driver of FDI in Tiirkiye,
and by Elimam and Alattas (2025), who found a comparable positive relationship in the Saudi
Arabian context. These results highlight the importance of sustaining growth-oriented policies
to strengthen Tiirkiye’s investment climate.

Employment also emerged as a positive determinant of FDI in the long run, indicating that labor
market improvements contribute to investment attractiveness. This outcome is in line with the
argument that stable employment not only provides a reliable labor force but also expands the
domestic consumer base, enhancing profitability for foreign investors. While Mencinger (2003)
emphasized potential adverse labor market effects of FDI due to firm displacement, the findings
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of this study suggest that, in Tiirkiye’s case, employment dynamics have reinforced the
investment climate. Comparable evidence can be found in Fitriyani and Andrian (2024) for
Indonesia, where labor market conditions were shown to significantly influence foreign
investment decisions.

Conversely, inflation exhibited a negative and significant long-run impact on FDI, which aligns
with the classical view that macroeconomic instability deters capital inflows by increasing
uncertainty and eroding real returns (Mundell, 1963; Tobin, 1965). This result is consistent with
Ugurlu (2024), who found inflation to be a key impediment to FDI in Tiirkiye, and Zaharum et
al. (2024), who reported a similar adverse effect in the Malaysian economy. Although the
estimated coefficient is relatively small in magnitude, its statistical significance underscores the
necessity of ensuring price stability as a prerequisite for attracting and sustaining foreign
investment.

Taken together, the results confirm that strong economic growth, stable labor market conditions,
and low inflation are fundamental to fostering FDI in Tiirkiye. These findings resonate with the
broader literature emphasizing the role of macroeconomic stability, institutional capacity, and
globalization in shaping investment patterns (Bozkurt, 2024; Degirmenci et al., 2024; Ates &
Arslan, 2025). The error correction mechanism further indicates that deviations from long-run
equilibrium are corrected relatively quickly, suggesting that foreign investment in Tiirkiye is
highly responsive to macroeconomic fundamentals.

From a policy perspective, the evidence highlights three key implications. First, sustaining high
and stable GDP growth should remain a priority, as it signals market potential to foreign
investors. Second, labor market reforms aimed at increasing employment and reducing
informality may further enhance Tiirkiye’s attractiveness to multinational enterprises. Third,
strict anti-inflationary measures and credible monetary policy frameworks are essential to
reduce uncertainty and maintain investor confidence. Overall, the results of this study contribute
to the empirical literature by providing updated evidence on the determinants of FDI in Tiirkiye
and confirm that sound macroeconomic management is indispensable for leveraging foreign
investment as a driver of long-term development.
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THE RELATIONSHIP BETWEEN ENERGY POVERTY AND GOVERNMENT SIZE:
AN ANALYSIS OF EMERGING MARKETS AND LOW-INCOME ECONOMIES

Nazmiye Tekdemir! Abdulkadir Bulut®
ABSTRACT

Energy poverty is a multidimensional problem that refers to households' inability to access basic modern energy services, such
as clean cooking fuels and technologies, or their inability to afford these services. Government policies, particularly public
spending, address energy poverty by funding clean energy solutions to mitigate health and environmental externalities. This
study examines the relationship between public spending and energy poverty in 96 emerging and low-income economies from
2000 to 2022, controlling for GDP per capita and industrialization. Energy poverty is measured by access to clean fuels and
technologies for cooking (% of population), and public spending is proxied by general government final consumption
expenditure (% of GDP). We apply the Method of Moments Quantile Regression (MMQR) to assess the varied impacts of
public spending across countries with differing energy poverty levels. Unlike mean-based regression, MMQR captures
heterogeneous effects across the full distribution, offering robust, policy-relevant insights despite heteroscedasticity and non-
normality in the data. Findings reveal a non-linear, inverted U-shaped relationship between public spending and energy poverty
across all quantiles. Initial government spending significantly reduces energy poverty, but with diminishing returns. This impact
is strongest in the most energy-deprived countries, where public spending yields the greatest marginal benefit. While the effect
weakens as energy poverty declines, it remains statistically significant. Higher income levels consistently reduce energy
poverty, confirming the importance of economic development, with stronger effects observed in high-energy poverty contexts.
In contrast, industrialization shows no significant effect, suggesting it does not directly contribute to improved household
energy access. These findings emphasize the effectiveness of targeted public spending, particularly in contexts of extreme
energy poverty. However, diminishing returns indicate that, beyond a certain threshold, complementary strategies -such as
improving policy efficiency, leveraging private investment, and enhancing institutional capacity -are essential for sustained
progress.

Keywords: Energy Poverty, Government Size, Public Consumption Expenditures, Emerging and Low-Income Economies,
MMQREG

ENERJI YOKSULLUGU ILE KAMU KESIMi BUYUKLUGU ARASINDAKI ILISKI:
YUKSELEN PiYASALAR VE DUSUK GELIRLI EKONOMILER UZERINE BiR

ANALIZ

oz

Enerji yoksullugu, hanehalklarinin temiz pisirme yakitlar1 ve teknolojileri gibi temel modern enerji hizmetlerine erisememesi
veya bunlar1 karsilayamamasi durumunu ifade eden ¢ok boyutlu bir sorundur. Kamu politikalari, 6zellikle kamu harcamalart,
saglik ve gevresel digsalliklar1 azaltmak amaciyla temiz enerji ¢oziimlerinin finansmanini saglayarak enerji yoksullugunu
hafifletmeyi hedefler. Bu ¢aligma, 2000-2022 déneminde 96 yiikselen piyasa ve diisiik gelirli ekonomide kamu harcamalari ile
enerji yoksullugu arasindaki iliskiyi, kisi bagina diisen GSYH ve sanayilesme diizeyini kontrol ederek incelemektedir. Enerji
yoksullugu, pisirme i¢in temiz yakit ve teknolojilere erigim oran1 (% niifus) ile dl¢iiliirken, kamu harcamalar1 genel devlet nihai
tiiketim harcamalarinin GSYH icindeki pay: ile temsil edilmistir. Farkli enerji yoksullugu diizeylerindeki iilkelerde kamu
harcamalarinin etkilerini degerlendirmek i¢in Momentler Yontemi Kuantil Regresyonu (MMQR) kullanilmistir. Ortalama
temelli modellerin aksine, MMQR dagilimm tamamindaki heterojen etkileri yakalayarak daha saglam politika sonuglari
sunmaktadir. Bulgular, kamu harcamalari ile enerji yoksullugu arasinda dogrusal olmayan, ters U bigiminde bir iligki oldugunu
gostermektedir. Kamu harcamalart baslangicta enerji yoksullugunu 6nemli l¢lide azaltmakta, ancak etkisi azalan getiriler
sergilemektedir. Bu etki, enerji yoksullugunun en yiiksek oldugu iilkelerde en giiglii diizeydedir. Kisi basina gelir artis1 enerji
yoksullugunu azaltirken, sanayilesmenin anlamli bir etkisi bulunmamustir. Sonuglar, kamu harcamalarinin enerji yoksulluguyla
miicadelede etkili oldugunu, ancak belirli bir esigin 6tesinde siirdiirtilebilir ilerleme icin politika etkinligi, 6zel yatirimlar ve
kurumsal kapasite artisinin gerekliligini vurgulamaktadir.

Anahtar Kelimeler: Enerji Yoksullugu, Kamu Kesimi Biiyiikliigii, Kamu Tiiketim Harcamalari, Yiikselen ve
Diisiik Gelirli Ekonomiler, Momentler Yontemi Kuantil Regresyonu
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INTRODUCTION

Energy poverty is a multidimensional problem characterised by households' inability to access
or afford basic energy services (Nguyen & Nasir, 2021). This situation is not limited to
insufficient access to electricity; it also includes deficiencies such as inability to use clean fuel
and cooking technologies, inability to purchase energy services due to insufficient income, and
inability to afford basic services such as heating, cooling, and lighting (Gonzalez-Eguino, 2015;
Day et al., 2016). While the problem in developing and underdeveloped countries stems
primarily from inadequate energy infrastructure, in developed countries, low-income levels
limit households' access to energy services despite the existence of infrastructure (Erdogdu,
2020). Therefore, energy poverty is not merely a technical infrastructure issue but is considered
a multifaceted social problem that must be addressed in terms of its economic, social, and
environmental dimensions (Demir & Kuveloglu, 2023).

While no single definition of energy poverty has gained universal acceptance, a common
perspective frames it as the inability of households to satisfy their essential energy needs
(Thomson, 2016). Energy poverty stems from various factors, including limited access to
modern fuels, high energy costs, low-income levels, and inadequate housing insulation
(Erdogdu, 2020). These factors directly affect energy consumption, health, education,
productivity, and overall quality of life, further deepening social inequalities (Moss et al., 2014).

Three main methods stand out in the literature for assessing energy poverty: technological
threshold, physical threshold, and economic threshold (Pachauri & Spreng, 2011). The
technological threshold method is based on the percentage of the population without access to
modern energy services, while the physical threshold approach classifies households that use
energy below a certain level as poor. The economic threshold approach, on the other hand, states
that energy poverty arises when energy expenditures exceed a certain percentage of household
income (Gonzalez-Eguino, 2015). In this context, three different measurement methods are
used: quantitative techniques, expenditure methods, and consensus methods based on
subjective statements (Thomson, 2016). Recent research shows that access to clean cooking
fuels, modern technologies, and electricity are the most appropriate criteria for global
comparisons (Awaworyi Churchill & Smyth, 2020).

Government policies and public initiatives play a particularly important role among the factors
contributing to energy poverty. Rural electrification initiatives in Brazil (Pereira et al., 2010)
and the Bono Social de Electricidad program in Spain (Alvarez & Tol, 2021) have shown
varying degrees of effectiveness, while Sovacool (2015) has shown that the Warm Front
program in the United Kingdom has reduced energy poverty for millions of households. On the
other hand, Okushima (2017) highlights that energy poverty increased among the most
vulnerable population groups in Japan following the Fukushima nuclear disaster. These
examples show that institutional structure and context can have a significant impact on the
sustainability and effectiveness of government policies.

Public spending, a fundamental component of fiscal policy, has produced conflicting results in
terms of its impact on social welfare and economic growth. While it has been shown that
increased public spending in small countries boosts economic growth (Bahal et al., 2018), it has
also been demonstrated that excessive spending discourages private investment and has a
negative impact on economic development (Kandil, 2017). These conflicting results raise the
possibility that public spending may have a non-linear effect on energy poverty (Nguyen &
Schinckus, 2020). Another important dimension of energy poverty is the role of public
expenditure in shaping income distribution, since reducing inequalities enhances equitable
access to energy services and fiscal policy serves as a key instrument for achieving this outcome
(Crudu, 2015). However, institutional structures significantly affect the effectiveness of public
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spending. This situation highlights the need to evaluate fiscal policies not only in terms of
quantitative indicators but also in terms of institutional capacity (Nguyen et al., 2018).

While energy poverty emerges as a multidimensional issue encompassing technical, economic,
and social dimensions, government intervention—particularly through government spending—
can serve as a critical instrument in addressing it. Yet, global-scale empirical evidence on how
government spending influences energy poverty remains limited, and in many developing
economies concerns about the effectiveness of such spending persist. This study seeks to narrow
that gap by empirically examining the relationship between government expenditure and energy
poverty across 96 emerging market and low-income countries over the period 2000-2022,
employing the Method of Moments Quantile Regression (MMQR) approach.

The rest of the paper first reviews the empirical literature on energy poverty. In the application
part of the study, the data and model are first introduced, followed by the methodology and
findings. Finally, the study is completed with the conclusion.

1. SELECTED SUMMARY LITERATURE

The relationship between government expenditure and energy poverty has been examined in
the public finance literature through various theoretical frameworks (Nguyen & Su, 2022).
Adopting a Keynesian perspective, it is accepted that government expenditures can raise the
income level of households by stimulating economic growth and thus expand their access to
energy. From a Ricardian perspective, it is assumed that government expenditures do not have
a direct impact on energy poverty because individuals consider the future tax burden and shape
their consumption and saving decisions accordingly. These theoretical differences are one of
the main reasons why empirical studies on energy poverty reveal divergent results.

Nguyen & Su (2022) examined how public expenditures impact energy poverty across 56
developing countries. In their study, energy poverty is assessed by access to clean fuels,
technology, and electricity in rural and urban areas. A two-stage system GMM estimator was
used in panel data analysis, with robustness tests applied. Results indicate public expenditures
reduce energy poverty up to a threshold, beyond which negative effects may occur. Moreover,
institutional quality (corruption control, rule of law, and political stability) plays a decisive role,
as its influence is transmitted through channels such as economic development and income
inequality.

Bousnina & Gabsi (2023) examined Sub-Saharan African countries from 2006 to 2020 and
found a non-linear link between government spending and energy poverty, which becomes
significant at a GDP threshold of about 17.65%. Beyond this level, additional expenditure was
shown to worsen energy poverty by widening income inequality. The study stresses careful
spending management and determining optimal expenditure levels for policymakers.

Dimnwobi et al. (2023) examined the impact of government capital expenditures on energy
poverty in Nigeria. The study used annual data from 1990 to 2020, and applied methods based
on the Bayer-Hanck cointegration test and the ARDL bounds test. The analysis results reveal
that public capital expenditures increase energy poverty rather than reduce it. Specifically,
government investments negatively affect electricity access, urban electricity consumption,
renewable energy use, and renewable electricity production, while providing a statistically
insignificant but positive contribution to rural electricity consumption.

Liu & Wang (2024) examined the effects of government expenditures, incentives and supply
chains on reducing energy poverty through Poverty Reduction Projects implemented in China.
The study uses the Chinese Household Survey data for the period 2010-2018 and analyses with
a high-dimensional fixed effects model. The findings show that government policies reduce
household energy poverty by about 6.3%, increasing income and promoting the use of clean
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energy, especially in regions with high insolation potential. It is also emphasized that
government expenditure and financial incentives strengthen private sector participation, while
efficient supply chains reduce costs and increase the sustainability of projects.

Xu & Xu (2025) analysed 30 Chinese provinces (2005-2021) from a non-linear perspective
and, using a nonparametric additive model, found that public expenditure initially alleviates
energy poverty but that this effect weakens over time. Besnili Memis & Aydin (2025)
investigated the indirect role of public spending and inflation in 32 emerging economies,
applying panel GMM and 3SLS methods. Their results indicate that while government
expenditure serves as an important instrument in mitigating energy poverty, inflation worsens
it. Similarly, Xu (2025) constructed an energy poverty index for 30 Chinese provinces and,
through a spatial quantile model, showed that energy poverty is geographically clustered and
that public spending consistently reduces it across provinces.

Overall, the empirical literature consistently points to a conditional relationship between
government expenditure and energy poverty. To the extent that government expenditures
support economic growth and facilitate households' access to energy, they generate positive
results, but excessive and unbalanced government expenditures may limit this effect. Therefore,
keeping government expenditures at an optimal level and directing them to effective areas
stands out as a critical policy tool for tackling energy poverty.

2. EMPIRICAL APPLICATION
2.1. Data and Model

This study examines how government spending affects energy poverty across 96 emerging
market and low-income economies from 2000 to 2022. Energy poverty is proxied by the share
of the population with access to clean cooking fuels and technologies, where higher values
indicate lower poverty. Government spending is measured by general government final
consumption expenditure as a percentage of GDP. To capture potential non-linear effects, the
square of government size is included in the model. Real GDP per capita (2015 constant USD)
and industrialization are added as control variables, with all data drawn from the World Bank’s
World Development Indicators (2025).

Tablo 1. Variables and sources

Symbol Variables Desciption

Inenpov Energy Poverty Access to clean fuels and technologies for cooking (%
of population)

Ingov Government size General government final consumption expenditures (%
of GDP)

Ingov2 Government size squared The square of general government final consumption
expenditures (% of GDP)

Ingdp GDP per capita GDP per capita (constant 2015 USS$)

Inind industrialization Industry (including construction), value added (% of
GDP)

Note: All variables are transformed into their natural logarithmic form (In) prior to estimation.
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Table 2 shows the descriptive statistics of the variables in the study, while Table 3 presents the
correlation matrix.

Table 2. Descriptive statistics

Variables Obs Mean Std. Dev. Min Max Skew. Kurt.
Inenpov 2208 3.491 1.536 -2.303 4.605 -1.615 4.755
Ingov 2208 2.645 0.414 0.722 4.995 0.45 6.227
Ingov2 2208 7.169 2.302 0.521 24.954 1.71 12.307
Ingdp 2208 8.04 1.104 5.536 11.13 0.149 2.55
Inind 2208 3.257 0.417 1.583 4.44 -0.193 3.563

Source: Prepared by the authors.

Table 3. Matrix of correlations

Variables @)) (2) 3) 4 (5)
(1) Inenpov 1.000

(2) Ingov 0.184 1.000

(3) Ingov2 0.140 0.986 1.000

(4) Ingdp 0.746 0.279 0.240 1.000

(5) Inind 0.331 -0.121 -0.137 0.231 1.000

Source: Prepared by the authors.

In this framework, the model specification based on this study is shown in Equation 1.

Inenpovit = A + R1Ingovit + B2 Ingov2it + £33 Ingdpit + 34 Inindit + Eit (1)

Where A is the constant term, B31, 32, B3 and B4 are the coefficients of the relevant variables. t and
i represent the time dimension and cross-sectional units, respectively, while &;; is the error term.

2.2. Methodology

This study empirically analyses the impact of government size on energy poverty. Working with
a large sample of 96 countries necessitates a more explicit and detailed presentation of these
heterogeneous effects. For this purpose, the Method of Moments Quantitative Regression
(MMQR) method is used. However, before proceeding with the MMQR method, some pre-tests
were applied to determine the characteristics of the series to be used in the analysis and to verify
the choice of method. In this context:

- Normality Test: One of the basic assumptions of the MMQR method is that the series do not
follow a normal distribution. Therefore, Shapiro-Wilk W test was applied to evaluate whether
the series conform to normal distribution.

- Slope Homogeneity Test: Slope homogeneity test was performed to determine whether the
slope coefficients are homogeneous in the panel data set.

- Horizontal Section Dependence Test: Pesaran (2004) CD test was applied to detect possible
dependence relationships among panel units.

-Unit Root Test: Considering the presence of horizontal cross-section dependence, Pesaran
(2007) CIPS test, which is the second-generation panel unit root test, is applied.

Cointegration Test: Westerlund (2007) bootstrap panel cointegration test, one of the second-
generation panels cointegration tests, was applied to determine the long-run relationships
between the variables.

- Basic Estimation Method: After the preliminary tests, the Method of Moments Quantitative
Regression (MMQR) method was used to analyse the effects of government size on energy
poverty by taking heterogeneity into account.
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The Moment Method Quantitative Regression (MMQR) developed by Machado & Silva (2019)
is used to examine the effect of the Ingov and Ingov2 variables on Inenpov in different cantons.
The key strength of the MMQR approach is its ability to capture how explanatory factors
influence different points of the conditional distribution. This approach reveals distributional
asymmetries that are often overlooked by traditional linear methods. Additionally, the MMQR
technique is robust to non-linear structures and deviations from normal distribution, making it
particularly suitable for data sets that violate the assumptions of linear regression models.

Including fixed effects in the model reduces bias that may arise from omitted variables by
controlling for unobserved differences between countries. The MMQR method also eliminates
the problem of quantile overlap seen in basic quantile regression techniques. These features are
suitable for our data structure, which is characterised by heteroscedasticity and deviation from
normal distribution, as confirmed by descriptive statistics and diagnostic tests, as well as for
our policy-oriented research objective of evaluating the functionality of financial instruments
under different environmental conditions. In this framework, the conditional quantile model
Q, (t|X) is shown in equation (2) below.

Yie=a; + Xi’tIB +(6; + Zi,t YU (2)

In Equation (2), Y;; is the dependent variable vector and X;; is the matrix of independent
variables. (a8, 6, y) are the parameters to be estimated; a; and 6; denote individual fixed
effects. Z;, and X}, represent an n-dimensional vector of known and differentiable components.
Uj;, 1s the stochastic error term not associated with X;; and is normalised to satisfy moment
conditions as shown in the figure below:

E(Uy) = 0,E(IUx) =1 (3)
The conditional quantile representation of the model is expressed in its final form as follows.
Qy (@l X) = (a; + 6,9(®) + Xief + Zirya (@ 4

a; + 0;q, is the scalar coefficient representing the distributional effect in the (7) quantile.
Parameter estimation in the MMQR method is based on the one-step Generalised Method of
Moments (GMM) estimator developed by Hansen (1982). This estimator provides robust and
efficient estimates, thus effectively considering possible endogeneity problems and
heteroskedasticity. These features make the method particularly suitable for capturing
distributional heterogeneity in panel data.

2.3. Findings

This section presents the empirical findings from the panel data analysis. The discussion starts
with diagnostic tests for model validity and reliability of the model, followed by econometric
estimations. Table 4 reports the results of the Shapiro—Wilk W test, a widely recognized method
for assessing deviations from normality. The null hypothesis assumes that the series follow a
normal distribution; however, the results indicate that this assumption is rejected, showing that
the data are not normally distributed.

Table 4. Shapiro-Wilk W test for normal data

Variable Obs \\ \ z Prob>z
Inenpov 2,208 0.769 300.177 14.563 0.000
Ingov 2,208 0.963 47.952 9.880 0.000
Ingov2 2,208 0.901 128.814 12.403 0.000
Ingdp 2,208 0.989 14.499 6.827 0.000
Inind 2,208 0.99 12.876 6.524 0.000

Source: Prepared by the authors.
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Table 5 presents the results of the slope homogeneity test of Pesaran & Yamagata (2008), which
reject the null of homogeneity as both the delta and adjusted delta statistics are significant. This
implies that slope coefficients vary across cross-sections, indicating a heterogeneous
relationship among the countries in the sample.

Table 5. Slope homogeneity test

Slope homogeneity tests Stat. p-value
Delta 40.114 0.000
adj. 46.056 0.000

Note: Ho suggests that the slope coefficients are homogeneous
Source: Prepared by the authors.

Since the time dimension is smaller than the cross-sectional dimension of the panel, the Pesaran
(2004) CD test was employed to assess cross-sectional dependence. As reported in Table 6, the
null hypothesis of no dependence is rejected at the 1% level for all variables, indicating
statistically significant cross-sectional dependence across the series.

Table 6. CSD test analysis

Variable CD-test p-value
Inenpov 121.856 0.000
Ingov 28.753 0.000
Ingov2 29.031 0.000
Ingdp 191.534 0.000
Inind 23.677 0.000

Source: Prepared by the authors.

As shown in Table 7, the CIPS test (Pesaran, 2007) was employed to evaluate stationarity while
considering cross-sectional dependence. The results indicate that the variables are non-
stationary in levels but become stationary at the 1% significance level after first differencing.
These findings justify the application of cointegration analysis in the subsequent stage.

Table 7. Unit Root Test (CIPS)

Variables At level At first diff.
Intercept Intercept
Inenpov -1.792 -2.693%**
Ingov -1.872 -4.116%**
Ingdp -1.870 -3.272%%*
Inind -1.998 -4.165

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

The results of the Westerlund (2007) bootstrap panel cointegration test in Table 8 reveal the
existence of a long-run equilibrium relationship between the variables. This finding is strongly
supported by the significance of the group-based (Gt) and panel-based (Pt) statistics as well as
the robust p-values that reduce the sensitivity to possible heteroskedasticity and autocorrelation
problems. The findings suggest that the cointegration relationship is valid not only in certain
panel groups but also in the whole panel. Accordingly, based on the Westerlund test results, it
can be stated with confidence that a long-run equilibrium relationship exists between the
variables.
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Table 8. Westerlund (2007) bootstrap panel cointegration

Statistic Value Z-value P-value Robust P-value
Gt -2.115 -1.299 0.097 0.090
Ga -7.698 3.005 0.999 0.030
Pt -19.956 -3.248 0.001 0.070
Pa -6.472 -0.480 0.316 0.100

Table 9 presents the MMQR estimation results and reveals the quantile-specific effects of
Ingov, Ingov2, Ingdp and Inind variables on Inenpov that vary along the conditional distribution.
This method goes beyond traditional mean-based analyses and allows us to examine the effects
of government size on energy poverty at different quantiles of Inenpov. To improve the
robustness of the estimates, bootstrap standard errors with 100 replications are used in the
MMQR estimates, which consider possible horizontal cross-sectional dependence in the data
set. The quantile estimates are reported in 25-quantile intervals (Q25 to Q90) from the 25th
quantile to the 90th quantile. These trends are also presented visually in Figure 1 for a clear
visualisation of the changing effects across the distribution.

Table 9: MMQR estimation results

Var. Location Scale Q25 (r=0.25) Q50 (t=0.50) Q75 (r=0.75) Q90 (t=0.90)
Ingov 1,530 -0.327* 1.851 %% 1,554 1,249 1,049
(5.230) (-1.910) (5.230) (5.270) (4.010) (2.900)
Ingov2 -0.287%%* 0.064%* -0.350%%* 0,292 10.231 %%k ~0.192%%*
(-5.080) (1.950) (-5.120) (-5.120) (-3.850) (-2.750)
Ined 0,823+ 0,062+ 0,884+ 0,828+ 0.77(pk 0,732+
neap (22.460) (-2.900) (19.930) (22.400) (19.720) (16.130)
nind -0.032 0.027 -0.058 -0.034 -0.009 0.007
(-0.540) (0.770) (-0.810) (-0.570) (-0.140) (0.100)
_cons -5.015%%* 1.000%%* -5.997#+k -5.087%%* 41545k -3.543%%x
(-11.130) (3.800) (-11.000) (-11.170) (-8.650) (-6.360)
Threshold 14,07% 14,30% 14,93% 15,35%

Note: *** ** * denote statistical significance at the 1%, 5%, and 10% levels, respectively. Z statistics are reported in
parentheses. To capture the non-linear structure of the relationship between the size of the government and energy poverty
and to detect the threshold effect, if any, the square of the size of the government is included in the equation. Accordingly,
the threshold effect is calculated with the formulation in Equation 5.

Ingov* = (-or +) 31/ 2.8, 4)

In Equation (5), Ingov* indicates the threshold effect that will occur when the coefficients are significant. Since the variables
are expressed in natural logarithms, exponential transformation is used.

Table 9 presents the MMQR estimation results and analyses the effects of Ingov, Ingov2, Ingdp
and Inind on Inenpov at different quantile levels along the conditional distribution. The findings
show that Ingov has a positive and significant coefficient, but the square of this effect (Ingov2)
is negative and significant, indicating a non-linear relationship. This suggests that the size of
the government has a decreasing effect on energy poverty up to a certain level, but an increasing
effect when the threshold is exceeded. Threshold effect calculations show that these thresholds
are approximately 14.07 per cent (Q25), 14.30 per cent (Q50), 14.93 per cent (Q75) and 15.35
per cent (Q90) when the thresholds are removed from the natural logarithm form. This finding
indicates that if the share of government consumption expenditures in GDP is above these
ratios, the energy poverty reduction effect may weaken and reverse.

Per capita income (Ingdp) is consistently positive and highly significant across all quantiles,
indicating that economic expansion has a strong and consistent effect on energy poverty
eradication. This effect is particularly pronounced in country groups with high levels of energy
poverty. In contrast, the coefficients of the Inind variable, which represents the level of
industrialisation, are largely statistically insignificant, suggesting that industrialisation does not
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have a significant direct impact on energy poverty. The findings show that the effect of the size
of government on energy poverty varies across cantiles; at a certain optimal expenditure
threshold, this effect is reversed, whereas an increase in per capita income significantly
contributes to energy poverty reduction.

Figure 1: MMQR parameter plot
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Figure 1 visualises the evolution of the coefficients obtained from MMQR estimates along the
quantiles. The graphs show that the coefficients of government size (Ingov) first increase and
then decrease from low to high quantiles, whereas the coefficients of the square of government
size (Ingov2) are negative and significant in all quantiles. This confirms that the effect of
government size on energy poverty has a non-linear structure and reverses after a certain
threshold value. The fact that the coefficients of Ingdp are positive and highly significant in all
quantiles reveals that the energy poverty reducing effect of economic growth continues to be
strong at both low and high energy poverty levels. The fact that the coefficients of Inind are
mostly close to zero and insignificant indicates that the direct effect of industrialisation is weak.

CONCLUSION

Energy poverty is a multifaceted problem with economic, social and environmental dimensions,
not only consisting of technical infrastructure deficiencies. This phenomenon, which is defined
in the literature within the framework of technological, physical and economic threshold
approaches, is addressed in a common denominator as the inability of households to satisfy
their basic energy needs. Limited access to modern fuels, high energy prices, low-income levels
and inadequate housing conditions are among the main determinants of energy poverty, which
deepens social inequalities in areas such as health, education and productivity. Therefore,
energy poverty stands out as a critical policy area that directly affects development processes.

This study examines the relationship between energy poverty and public expenditure in 96
emerging market and low-income economies between 2000 and 2022. Access to clean cooking
fuels and technologies was used as an indicator of energy poverty, while the share of total
government final consumption expenditure in GDP was used to represent the size of
government. Analyses conducted using the Moments Method Quantile Regression (MMQR)
reveal a non-linear, inverse-U-shaped relationship between public expenditure and energy
poverty. The findings reveal that public expenditure initially has a significant and meaningful
impact on reducing energy poverty; however, once a certain threshold is crossed, this effect
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diminishes. Additionally, it was concluded that per capita income growth has a consistent and
strong impact on reducing energy poverty, while industrialisation has no significant effect.

This consideration is especially important in low-income and energy-deprived countries, where
the marginal returns to public spending are higher; in these contexts, fiscal resources should be
carefully directed toward investments that expand access to modern energy services. At the
same time, sustainable progress cannot rely solely on government expenditure. Long-term
solutions require complementary measures, including private sector participation, institutional
capacity building, and policies aimed at reducing income inequality. Taken together, these
findings highlight that lasting reductions in energy poverty depend on holistic and inclusive
policy frameworks, rather than short-term fiscal transfers alone.
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INSANI GELISME ENDEKSI GOSTERGELERININ VERi ODAKLI
AGIRLIKLANDIRILMASI: ENTROPI, CRITIC, ECWM, MEREC VE LOPCOW
YONTEMLERININ KARSILASTIRMALI ANALIZi

Ceren DIRIK AYVAZ'

oz

Bu calisma, bes objektif agirliklandirma yontemini (ENTROPI, CRITIC, ECWM, MEREC ve LOPCOW)
karsilastirmali olarak incelemektedir. Birlesmis Milletler Kalkinma Programi (UNDP) tarafindan gelistirilen
Insani Gelisme Endeksi (IGE) verilerinden yararlanilan ¢aligmada, veri odakli agirliklandirma ydntemlerinin insan
refahin1 dlgmedeki potansiyel uygulamalarmin arastirilmasi amaglanmistir. Analiz, dort temel IGE gostergesine
odaklanmaktadir: dogumda beklenen yasam siiresi, beklenen 6grenim siiresi, ortalama 6grenim siiresi ve kisi
basina diisen gayrisafi milli gelir. Tim gostergeler fayda yonelimli olup, kapsam Avrupa Birligi iilkeleri ile
stirlandirilmugtir. Elde edilen agirliklar, TOPSIS teknigi ile biitiinlesik olarak kullamilmis ve IGE nin esit agirlik
ve geometrik ortalama esasina dayali yaklasimina alternatif iilke siralamalari olusturulmustur. Bulgular, kriter
agirliklarmin yontemlere gore farklilik gosterdigini, CRITIC ve LOPCOW’un gorece dengeli agirlik dagilimlari
iiretirken; MEREC, ECWM ve ENTROPI nin daha yiiksek degiskenlik iceren, belirgin agirlik farkliliklarina yol
actigin1 ortaya koymaktadir. ENTROPI, ECWM, MEREC arasinda giiclii ve pozitif yonde iliskiler bulunmasi;
buna karsilik CRITIC ve LOPCOW’un diger yontemlerle negatif yonde iligkili olmasi, kriter nemine ydnelik
degerlendirmelerde yontemsel yaklasim farkliliklariin belirgin oldugunu gostermektedir. Genel olarak galisma,
objektif agirliklandirma tekniklerinin metodolojik inceliklerini ve bunlarin sonuglar {izerindeki etkilerini insani
gelisim 6lciimii baglaminda ele alarak literatiire katkida bulunmaktadir. Bulgular, IGE gibi kiiresel endekslerin
veri odakli yontemlerle yeniden degerlendirilmesinin gerekliligine 151k tutmakta ve bu tiir yontemlerin politika
yapicilara daha hassas ve gercekei bir degerlendirme zemini sunabilecegine isaret etmektedir.

Anahtar Kelimeler: Cok kriterli karar verme, objektif agirliklandirma, insani gelisme endeksi.

DATA-DRIVEN WEIGHTING OF THE HUMAN DEVELOPMENT INDEX
INDICATORS: A COMPARATIVE ANALYSIS OF ENTROPY, CRITIC, ECWM,
MEREC, AND LOPCOW METHODS

ABSTRACT

This study comparatively examines five objective weighting methods (ENTROPY, CRITIC, ECWM, MEREC,
and LOPCOW). Utilizing data from the Human Development Index (HDI) developed by the United Nations
Development Programme (UNDP), the study aims to investigate the potential applications of data-driven
weighting methods in measuring human well-being. The analysis focuses on four core HDI indicators: life
expectancy at birth, mean years of schooling, expected years of schooling, and gross national income per capita.
All indicators are benefit-oriented, and the scope is limited to European Union countries. The calculated weights
are used in an integrated manner with the TOPSIS technique, and country rankings are created as an alternative to
the IGE's approach, which is based on equal weighting and the geometric mean. The findings reveal that criterion
weights differ according to the methods used, with CRITIC and LOPCOW producing relatively balanced weight
distributions, whereas MEREC, ECWM, and ENTROPY result in more variable and distinct weight differences.
The existence of strong, positive correlations between ENTROPY, ECWM, and MEREC, in contrast to the
negative correlations between CRITIC and LOPCOW and the other methods, indicates that methodological
differences are evident in assessments of criterion importance. Overall, the study contributes to the literature by
addressing the methodological subtleties of objective weighting techniques and their impact on results in the
context of human development measurement. The findings shed light on the need to reassess global indices, such
as the HDI, using data-driven methods and indicate that these methods may provide policymakers with a more
sensitive and realistic basis for assessment.

Keywords: Multi-criteria decision-making, objective weighting, human development index.
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1970’1i yillardan 6nce “kalkinma” kavrami biiyiik 6l¢iide ekonomik gostergeler — 6zellikle kisi
basina diisen gayrisafi milli gelir — {izerinden tanimlanmaktaydi (Chowdhury ve Squire, 2006).
Giclii ekonomik altyapiya sahip toplumlar yiliksek diizeyde gelismis olarak kabul edilirken,
ekonomik agidan zayif olanlar geri kalmis olarak siniflandirilmaktaydi. Ancak bu yaklasim,
ekonomik merkezli bir bakis agisiyla sinirli olmasi nedeniyle elestirilmis (Bilbao-Ubillos,
2013) ve saglik, egitim, ¢evre gibi boyutlar1 disarida biraktig1 i¢in kalkinmay1 eksik, hatta kimi
zaman yaniltict bicimde yansittigi ileri siirlilmiistiir (Omrani vd., 2020). Oysa insani gelisme,

yalnizca ulusal gelir diizeylerindeki artis veya azalisla agiklanamayacak kadar ¢ok boyutlu bir
olgudur (Lee vd., 2006).

Bu sinirliligi agsmak amaciyla Birlesmis Milletler Kalkinma Programi (UNDP), ekonomik
performansin yani sira saglik ve egitim unsurlarin1 da kapsayan daha biitiinciil ve ¢ok boyutlu
bir kalkinma anlayis1 gelistirmistir. S6z konusu anlayis, insani gelismenin temel boyutlar
olarak kabul edilmekte ve insan gelisimine 6zet bir bakis acis1 sunmaktadir (UNDP, 2025a). Bu
yeni kavramsal ¢erceve, bir iilkenin kalkinma diizeyini saglik, egitim ve gelir gostergelerinin
birlesimiyle degerlendiren Insani Gelisme Endeksi (IGE) ad1 altinda bilesik bir endeks olarak
literatiire girmistir. Her y1l yayimlanan IGE, ii¢ temel boyut ve dért gostergeye dayanmaktadir:
“uzun ve saglikli bir yasam” boyutu dogumda beklenen yasam siiresi gdstergesiyle, “egitime
erisim” boyutu beklenen 6grenim siiresi ve ortalama 6grenim siiresi gostergeleriyle, “makul bir
yasam standardi” boyutu ise kisi basina diisen gayrisafi milli gelir gostergesiyle dl¢lilmektedir.
IGE, bu ii¢ boyutun her biri i¢in hesaplanan normallestirilmis endekslerin geometrik ortalamasi
olarak hesaplanmaktadir (bkz. UNDP, t.y.).

Zaman iginde IGE, insan refahin1 6lgmede en iyi bilinen ve yaygin olarak kullanilan araglardan
biri haline gelmis olsa da (Greco vd., 2019; Jin vd., 2020) cesitli elestirilere maruz kalmistir.
Bu elestirilerin baginda, endeksin ii¢ temel boyutuna (saglik, egitim ve gelir) lilkelerin kosullar
veya bu boyutlarin goreli nemi dikkate alinmaksizin esit agirlik verilmesi gelmektedir (Kelley,
1991; Chowdhury ve Squire, 2006; Lee vd., 2006; Tofallis, 2013; Omrani vd., 2020). Esit
agirliklandirma yaklasiminin yeterli bir gerekceye dayanmamasi, énemli ve daha az dnemli
gostergeler arasinda ayrim yapma olanagini ortadan kaldirmasi ve asir1 basitlestirilmis
yontemlerin bilgi kaybina yol agabilecegi yoniindeki goriisler, sikca dile getirilen elestiriler
arasindadir (Greco vd., 2019).

Insani gelismenin &lgiilmesi, politika gelistirme siirecleri iizerinde potansiyel olarak giiclii bir
etkiye sahip oldugundan, bu 6l¢iimiin dogru ve adil bir bicimde gerceklestirilmesi biiyiik 6nem
tasimaktadir (Mahlberg ve Obersteiner, 2001). IGE gibi bilesik indeksler, yapisal olarak Cok
Kriterli Karar Verme (CKKYV) problemlerinin dogasiyla ortiistiigiinden (Karagiannis ve
Karagiannis, 2020), bu tiir endekslerin hesaplanmasinda miimkiin ise kriterlerin ger¢ek dnemini
yansitan CKKV temelli agirliklandirma yontemlerinin kullanilmasi 6nerilmektedir (Paruolo
vd., 2013).

CKKYV problemlerinde kriter agirliklari, her bir kriterin goreli 6nemini temsil ederek karar
verme siirecinin sonucunu dogrudan etkilemektedir. Bu baglamda, karmasik karar verme
ortamlarinda objektif agirliklandirma yontemleri, subjektif yaklasimlara kiyasla daha fazla
tutarlilik, seffaflik, tekrarlanabilirlik ve daha az yanlilik saglamalar1 nedeniyle (Sulistiani vd.,
2024) giderek daha fazla 6nem kazanmaktadir. Yukarida belirtilenlere istinaden, bu ¢alisma,
ENTROPI, CRITIC, ECWM, MEREC ve LOPCOW olmak iizere bes objektif agirliklandirma
yontemini karsilagtirmali olarak incelemekte ve elde edilen agirliklar1 TOPSIS yontemiyle
biitiinlestirerek, 2025 yili IGE verileri iizerinden iilke siralamalar1 olusturmaktadir. Boylece,
objektif agirliklandirma yontemlerinin insan refahinin degerlendirilmesindeki potansiyel
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uygulamalari arastirilmakta ve farkli agirliklandirma yaklasimlarinin iGE sonuglari iizerindeki
etkileri ortaya konulmaktadir.

1. LITERATUR

Literatiirde, IGE gostergelerinin agirliklandirilmas1 ve insani gelismislik performansinin
hesaplanmasinda Veri Zarflama Analizi (VZA) ve CKKYV yontemlerinin kullaniminin 6n plana
ciktign goriilmektedir. Ornegin, kriter agirliklarmin dogrudan veri setinden tiiretilmesi
gerektigini savunan Mahlberg ve Obersteiner (2001), orijinal IGE gdstergelerini kullanarak 174
iilke icin standart ve agirlik kisitlamali VZA temelli IGE degerlerini hesaplanmstir. Lee vd.
(2006), IGE bilesenlerinin optimal agirhiklarindan yararlanarak Asya ve Pasifik bolgesindeki
27 iilkenin performansini bulanik ¢cok amagli VZA modeli araciligiyla degerlendirmistir. Zhou
vd. (2010) ise ayn1 6rneklem iizerinde yiiriittiikkleri ¢caligmalarinda, gosterge agirliklarini bir dizi
carpimsal VZA modelinin ¢oziimiiyle elde etmistir.

CKKV tabanli c¢aligmalara bakildiginda ise 6rnegin, Soltanpanah vd.’nin (2010), boyut
agirliklarmi hesaplamak icin ENTROPI ve AHP, iilkeleri gelismisliklerine gore siralamak igin
ise SAW, TOPSIS ve taksonomi analizi yontemlerinden yararlandig1 goriilmektedir. Yazarlar,
ENTROPI yénteminde en yiiksek agirliga sahip boyutun gelir, AHP yonteminde ise egitim
oldugunu belirlemistir. Benzer sekilde, Paksoy (2015) insani gelismislik gostergelerine esit
agirlik verdigi calismasinda, birinci asamada sadece IGE gostergelerini, ikinci asamasinda ise
bu gostergelere ek olarak tanimladigi diger bilesik gostergeleri dikkate alarak Tiirkiye ve
Avrupa Birligi iilkelerinin siralamalarimi VIKOR y6ntemi ile analiz etmistir. 28 Avrupa Birligi
iilkesi ve Tiirkiye iizerinde gerceklestirdikleri ¢alismalarinda IGE gostergeleriyle birlikte
Avrupa Yasam Kalitesi Anketi’'nden segilen gostergeleri bir arada degerlendiren Orakg¢i ve
Ozdemir (2017), gostergeleri agirliklandirmak icin ENTROPI ve CRITIC; iilkelerin gelismislik
diizeylerini belirlemek icin ise GRA ve MOORA yontemlerini kullanmistir. Monteiro vd.
(2018), IGE’nin ii¢ boyutunu kullanarak ve tiim boyutlarin ayni agirliga sahip oldugunu
varsayarak 188 iilkenin IGE smiflandirmasi icin ELECTRE-TRI yéntemini kullanmistir. Ozcan
ve Oktay (2020), iilkelerin insani gelisme siniflandirmasini UTADIS yaklasimi ile
gerceklestirmig, gelir kriterinin en yiiksek Oneme sahip oldugunu belirlemis ve kriter
agirliklarindaki degisimlerin iilkelerin siniflandirmasini da degistirdigini ifade etmistir. Omrani
vd. (2020), Iran’daki sehirleri ele aldigi calismalarinda IGE gostergelerine ek kriterler
tanimlamig ve sehirlerin gelismislik diizeylerini degerlendirmek amaciyla uzman goriislerinin
de hesaba katildigit BWM tabanli MULTIMOORA yaklagimini 6nermistir. Jin vd. (2020),
IGE’nin gelismis bir versiyonunu elde etmek amaciyla toplam 12 gostergeye dayandirdiklart
calismalarinda ENTROPI yonteminden yararlanmistir. Benzer sekilde, Karagiannis ve
Karagiannis (2020) ENTROPI yaklasimina dayali IGE agirliklandirmas: {izerine bir cerceve
onermis ve 187 iilkenin IGE skorlarini yeniden hesaplamistir. Altintas (2020), Dogu Avrupa
bolgesinde yer alan Avrupa Birligi'ne iiye iilkelerin IGE gostergelerini oncelikle ENTROPI
yontemi ile agirliklandirmis, ardindan s6z konusu iilkelerin insani gelismislik diizeylerini
ARAS ve EDAS yéntemleri ile hesaplanmistir. Sonuglarin UNDP’nin IGE verileri ile
karsilagtirmali olarak sunuldugu ¢aligmada kisi basina diisen gayrisafi milli gelir en yiiksek
onem diizeyine sahip kriter olarak belirlenmistir. Yilmaz ve Koca (2021), IGE ve 6zgiirliik
endeksi verilerinden yararlanarak ARAS, SAW, MAUT ve Borda Sayim yontemleri ile 148
iilkenin insani geligsmislik siralamalarini karsilastirmali olarak incelemistir. Toplam alt1 boyutun
dikkate alindig1 ¢alismada, boyutlarin esit agirlikta oldugu kabul edilmistir. Arsu (2022),
CRITIC ve COPRAS tekniklerini biitiinlesik olarak kullanmis ve IGE gostergelerine ek olarak
farkl kriterleri de analize dahil etmistir. BRICS ve MINT iilkelerinin ele alindig1 ¢alismada,
ekonomik biiylime orani gostergesi en onemli kriter olarak belirlenmistir. Akyliz ve Cetin
(2022), oncelikle Tiirkiye’deki 81 ilin dért gostergeye dayali orijinal IGE degerlerini
hesaplamig, sonrasinda ise kriter agirliklarimi esit kabul ederek VIKOR yontemi ile 14
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gostergenin kullanildig1 alternatif bir IGE performans 6l¢iimii énermistir. Kargi (2025), G-20
iilkelerinin geligmislik diizeylerini hesaplamak i¢in objektif agirliklandirma ydntemlerinden
MEREC teknigini EDAS yo6ntemi ile biitiinlesik bir sekilde kullanmistir. Calismada, en yiiksek
agirhiga sahip kriter kisi bagina diisen gayrisafi milli gelir olarak belirlenirken, bu kriteri
sirastyla dogumda beklenen yasam siiresi, beklenen 6grenim siiresi ve ortalama 6grenim siiresi
gostergeleri takip etmistir.

Sonug olarak, objektif agirliklandirma yontemlerini kullanarak illerin/iilkelerin insani gelisme
diizeylerini degerlendiren g¢aligmalar bulunmakla birlikte, onceki aragtirmalarin 6nemli bir
kismi, IGE’de oldugu gibi tiim gostergelere esit agirlik verilmesi varsayimini siirdiirmektedir.
Ayrica bu ¢alismalarin bir boliimii, UNDP tarafindan tanimlanan standart IGE boyutlari yerine
alternatif ya da genisletilmis gosterge setlerini kullanmakta ve metodolojik yap1 cogu zaman
sinirli diizeyde ele alinmaktadir. Bu ¢aligma ise, bu alandaki mevcut smirlilign gidermeyi
amaglayarak UNDP tarafindan belirlenen orijinal IGE gostergelerine odaklanmakta ve bes
farkli objektif agirliklandirma yontemini (ENTROPI, CRITIC, ECWM, MEREC ve
LOPCOW) IGE veri seti iizerinde karsilastirmal1 olarak uygulayan ilk ¢alismalardan biri olma
ozelligini tasimaktadir. Boylece, IGE bilesenlerinin éneminin kullanilan yénteme gére nasil

RN

degistigi karsilastirmali bir ¢ergeveyle ortaya konulmaktadir.
2. YONTEM

Bu calismada, agirliklarin hesaplanmasinda ENTROPI ve CRITIC gibi yerlesik objektif
yontemlerin yani sira, ECWM, MEREC ve LOPCOW gibi gorece yeni tekniklerden
yararlanilmis; elde edilen agirliklar TOPSIS yontemiyle biitiinlesik bir sekilde kullanilmigtir.
TOPSIS’in secilmesinin baglica nedenleri, yontemin kolay anlasilir ve uygulanabilir bir yapiya
sahip olmasi, giivenilir siralama sonuglar1 liretmesi (Mokhtarian ve Hadi-Vencheh, 2012),
agirlik setlerindeki degisime duyarlilik gostermesi (Li vd., 2013), literatiirde genis bir kullanim
alan1 bulmasi ve farkli agirliklandirma tekniklerine entegre edilebilmesi olarak siralanabilir.

2.1. ENTROPIi

Objektif bir agirliklandirma yontemi olan ENTROPI, ilk olarak Shannon (1948) tarafindan bilgi
teorisine kazandirilmistir. Bilgi icerigi yiiksek gostergeleri 6n plana ¢ikaran bu yontem, orta
diizeyde bir hesaplama siiresi gerektirmektedir (Ecer ve Pamucar, 2022). Bununla birlikte,
varyansa asir1 duyarli olmasi ve degiskenler arasi korelasyonu dikkate almamasi nedeniyle,
ozellikle degiskenler arasinda yiiksek korelasyonun bulundugu durumlarda degerlendirme
sonuglar1 olumsuz etkilenebilmektedir (Zafar vd. 2021). m alternatif sayisini, n kriter sayisini
ve X;; j. kritere gore i. alternatifin aldig1 degeri gostermek tizere ENTROPI yénteminde

uygulanan adimlar asagidaki gibidir:
ENTROPI Adim 1: Karar matrisi X = [xl- f]mxn esitlik (1) kullanilarak normalize edilir.

* Xij

xij :Zﬁlxu Vl,]
(1)
ENTROPI Adim 2: Her bir kritere ait ENTROPI degeri, esitlik (2) araciligiyla elde edilir.
* * 1 .
e; = —k Xizq Xjj ln(xij) k = v v j (2)
ENTROPI Adim 3: Kriterlerin farklilasma dereceleri, esitlik (3) ile belirlenir.

ENTROPI Adim 4: ENTROPI yonteminin agirliklari (ew;) esitlik (4) yardimiyla hesaplanur.
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d]' .
e A
ew; T an j 4)
2.2. CRITIC

CRITIC, Diakoulaki vd.’nin (1995) gelistirdigi objektif bir kriter agirliklandirma yontemidir.

Hem varyasyonu hem de kriterler aras1 korelasyonu es zamanli olarak dikkate alan yontem

(Peng vd., 2020), orta diizeyde bir hesaplama siiresi ile karakterize edilmektedir (Ecer ve

Pamucar, 2022). CRITIC yonteminde uygulanan adimlar asagidaki gibidir:

CRITIC Adim 1. Karar matrisi X = [Xi]-]
mx

icin esitlik (6) kullanilarak normalize edilir.

. fayda kriterleri i¢in esitlik (5) ve maliyet kriterleri

x xij—min(xij) P
xij - maks(xij)—min(xij) v b (5)
x maks(xij)—xij V [_ ] (6)

g maks(xij)—min(xij)
CRITIC Adim 2. Korelasyon matrisi R = [rf""]nxn esitlik (7) araciligryla olusturulur.

e =Dy ™
(2 (x-S (eie—x)

CRITIC Adim 3. Her bir kriterin standart sapmasi esitlik (8) ile belirlenir.

vj (8)

CRITIC Adim 4. Esitlik (9) kullanilarak bilgi miktar1 hesaplanir.

¢ = o5 Xpa(1 =) vj 9)
CRITIC Advm 5. CRITIC yonteminin agirliklar1 (cwy;) esitlik (10) yardimiyla hesaplanir.

. = C] ]
cwy =g V) (10)
2.3. ECWM

ENTROPI yénteminin smirliliklarin1 gidermek amactyla, ENTROPI ve CRITIC tekniklerinin
birlesimine dayanan ECWM, yeni bir agirliklandirma atama yontemi olarak Zafar vd. (2021)
tarafindan 6nerilmisti. ECWM yonteminde, ENTROPI ve CRITIC yaklasimlarindan ayr1 ayr
elde edilen agirhik setleri (ew;,cw;), y + f =1 olacak sekilde esitlik (11) kullanilarak

birlestirilir ve bdylece ECWM yonteminin agirliklari (ecw;) hesaplanir:

ecw, = M v (11)
2.4. MEREC

Keshavarz-Ghorabaee vd. (2021) tarafindan literatiire kazandiritlan MEREC yontemi, bir kriter
analizden c¢ikarildiginda alternatiflerin performans sonuglarinda meydana gelen degisimi
olgerek, etkisi en yliksek olan degiskenleri tespit etmekte ve bu kriterlere daha yiiksek agirliklar
atamaktadir. Nispeten yeni bir agirliklandirma yaklasimi olan MEREC, karmasik hesaplamalar
gerektirmemesi sayesinde one ¢ikmaktadir (Ayan vd., 2023). Ancak yOntemin, kriter setinden
her bir kriterin ayr1 ayr ¢ikarilarak tekrar tekrar hesaplama yapilmasini gerektirmesi, 6zellikle
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kriter sayisinin fazla oldugu durumlarda hesaplama yiikiinii ciddi diizeyde artirabilmektedir.
MEREC yonteminde uygulanan adimlar asagidaki gibidir:

MEREC Adim 1. Karar matrisi X = [xl- f]mxn fayda kriterleri i¢in esitlik (12) ve maliyet
kriterleri i¢in esitlik (13) kullanilarak normalize edilir.

_ min(xi-) ..
xjj = Tf Vij (12)
X =—d Vi, j (13)

U maks(x;j)

MEREC Adim 2. Esitlik (14) yardimiyla her bir alternatif i¢in genel performans degerleri (p;)
hesaplanir.

pe=tn(1+ (GEplm())) v (14)

MEREC Adim 3. Kriter setinden her bir kriter ayr1 ayri ¢ikarilarak alternatiflerin performans
degerlerine (p;;) ulasilir.

plj = In (1 + (gzzﬂun(x;kn)) Vi) (15)
k#j

MEREC Adim 4. Esitlik (16) kullanilarak j. kriterinin kaldirilmasinin etkisi hesaplanar.

re; = ?i1|P{j —pi vJ (16)

MEREC Adim 5. MEREC yonteminin agirliklar (mwy) esitlik (17) yardimiyla hesaplanir.

ws = " vj (17)

7 Lk=1Tek
2.5. LOPCOW

Ecer ve Pamucar (2022) tarafindan gelistirilen LOPCOW yéntemi, ENTROPI yontemine
kiyasla daha makul agirliklar iiretmeyi ve veri boyutundan kaynaklanan farklar1 ortadan
kaldirmay1 vadetmektedir. LOPCOW yonteminde uygulanan adimlar agagidaki gibidir:

LOPCOW Adim 1. Karar matrisi X = [Xij]mx

kriterleri i¢in esitlik (19) kullanilarak normalize edilir. Normalizasyon islemi CRITIC
yontemiyle aynidir.

. fayda kriterleri i¢in esitlik (18) ve maliyet

x xij—min(xij)

g maks(xij)—min(xij)

x Vi j (18)

XF = maks (x;;)—x;;

Y maks(x;j)-min(x;;)
LOPCOW Adim 2. Esitlik (20) kullanilarak her bir kriterin ylizde degerlerine (percentage values
— pv;) ulasilir.

Vi, j (19)

m « )2
I (%))
pv; = |In U’]’f * 100 vj (20)

LOPCOW Adim 3. LOPCOW yonteminin agirliklar: (Iw;) esitlik (21) yardimiyla hesaplanir.
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. = pv] ]
lwj = 5oL v 21)
2.6. TOPSIS

TOPSIS, Hwang ve Yoon (1981) tarafindan gelistirilen bir CKKV yontemidir. TOPSIS
yonteminde uygulanan adimlar agagidaki gibidir:

TOPSIS Adim 1. Karar matrisi X = [xi j]mxn esitlik (22) kullanilarak normalize edilir.

xi]-
Xy = ——t—o
Y \ ’Z?; x 12 j
TOPSIS Adim 2. Agirliklandirilmig normalize karar matrisi esitlik (23) yardimiyla belirlenir.

Vi,j (22)

TOPSIS Adim 3. ] fayda, J' maliyet kriterlerini temsil etmek iizere, pozitif ve negatif ideal
gézﬁmler strastyla esitlik (24) ve esitlik (25) ile olusturulur.

a* —{(maksvjlj €)), (mlnvjlj e/NNi=1.2,..,m}={v],v;, .., v} (24)
‘—{(mva lj e, (maksvu je/Ni=12,..,m}={v;,vy,.., v} (25)

TOPSIS Adlm 4. Her bir alternatlf icin esitlik (26) ile pozitif, esitlik (27) ile ise negatif ideal
¢ozlime olan uzakliklar hesaplanir.

5t = T - )’ vi (26)

—\2 ,
JZ SCTD vi 27)
Ti OPSIS Adim 5. Her bir alternatif icin esitlik (28) kullanilarak ideal ¢oziime goreli yakinlik
degerine (t;) ulagilir. En yiiksek t; degerine sahip olan alternatif en iyi alternatif olarak
belirlenir.
* Si
ti ==

L Vi (28)

- *
S; +S;

3. BULGULAR

Analiz, dort temel IGE gostergesine odaklanmaktadir: dogumda beklenen yasam siiresi,
beklenen d6grenim siiresi, ortalama d6grenim siiresi ve kisi bagina diisen gayrisafi milli gelir. Tim
gostergeler fayda yonelimli olup, analiz kapsam1 Avrupa Birligi iilkeleri ile sinirlandirilmistr.
Veriler, insani Geligmislik Raporu 2025’ten (UNDP, 2025b) derlenmis olup, raporda yer alan
istatistikler 2023 yilim1 esas almaktadir. Calismada kullanilan objektif agirliklandirma
yontemleri farkli teorik yaklagimlara dayandigindan, elde edilen sonuclar arasindaki iligkiyi
incelemek amaciyla Pearson korelasyon katsayist kullanilmistir. Ayrica, ECWM ydntemiyle
agirliklarin hesaplanmasinda y = f = 0,5 olarak belirlenmistir.

Tablo 1. Kriter agirliklar

Dogumda Beklenen 6grenim Ortalama Kisi basina diisen  Standart
beklenen yasam siiresi 6grenim siiresi gayrisafi milli sapma
siiresi gelir
ENTROPI 0,01 0,09 0,07 0,83 0,34
CRITIC 0,29 0,22 0,28 0,21 0,03
ECWM 0,15 0,16 0,17 0,52 0,16
MEREC 0,07 0,20 0,26 0,47 0,15
LOPCOW 0,25 0,24 0,35 0,16 0,07

September 24-26, 2025 77



22nd International Symposium on Econometrics, Operations Research and Statistics

ENTROPI, CRITIC, ECWM, MEREC ve LOPCOW yéntemleri ile elde edilen kriter agirliklart
Tablo 1°de verilmistir. Buna gére, ENTROPI, ECWM ve MEREC yé6ntemlerinde kisi basina
diisen gayrisafi milli gelir kriterinin baskin sekilde 6n plana ¢iktig1 goriilmektedir. Buna
karsilik, CRITIC yontemi dogumda beklenen yasam siiresine, LOPCOW ydntemi ise ortalama
ogrenim siiresine en yiiksek agirligi atamistir. Standart sapma degerleri incelendiginde, CRITIC
ve LOPCOW yontemlerinin gorece dengeli bir agirlik dagilimi ortaya koydugu sdylenebilir.
Ote yandan, MEREC, ECWM ve ENTROPI yontemleri, kriterler arasinda belirgin farklilik
gosteren agirhiklar iiretmistir. Ozellikle ENTROPI’nin 0,34 ile en yiiksek standart sapma
degerine sahip olmasi, yontemin kriterler arasinda dramatik farklar yaratma egilimini
dogrulamaktadir.

Tablo 2. Yontemler arasindaki Pearson korelasyon katsayilar

ENTROPI CRITIC ECWM MEREC LOPCOW
ENTROPI 1,000 -0,684 0,997 0,909 -0,758
CRITIC -0,684 1,000 -0,626 -0,656 0,749
ECWM 0,997 -0,626 1,000 0,905 -0,728
MEREC 0,909 -0,656 0,905 1,000 -0,468
LOPCOW -0,758 0,749 -0,728 -0,468 1,000

Objektif agirliklandirma yontemlerine iliskin Pearson korelasyon katsayilarinin sunuldugu
Tablo 2 incelendiginde, yontemler arasindaki iliskilerin yonii ve giiciiniin belirgin bigimde
farklilastig1 tespit edilmektedir. ENTROPI, ECWM ve MEREC yéntemleri arasinda oldukga
yliksek diizeyde pozitif korelasyon degerleri bulunmakta olup, bu durum séz konusu
yontemlerin benzer agirliklandirma desenleri {irettigini gostermektedir. Buna karsilik CRITIC
ve LOPCOW, kendi aralarindaki pozitif iliski disinda, diger tiim yontemlerle negatif yonde
iligkilidir. Bu bulgu, ilgili yontemlerin kriter énemini degerlendirme konusundaki farkli
yaklagimlarini ortaya koymaktadir.

Sekil 1. IGE ve objektif agirliklandirma temelli TOPSIS siralamalarinin dagilimi

Avrupa Birlii iilkeleri

enyiiksek)

ma (1=

20

30

IGE e===mfENTROP| e=mmmCRITIC ew==mfECWM emmmmMEREC | OPCOW

IGE ve objektif agirhiklandirma temelli TOPSIS bulgular1 Sekil 1 ve Tablo 3 verilmistir.
Calismada, UNDP’nin 193 iilke i¢in yayimladig: kiiresel siralamalar esas alinmis; ancak
analizde Avrupa Birligi iilkeleri, kendi i¢inde 1-27 araliginda yeniden derecelendirilmistir.
Bulgular birlikte incelendiginde, objektif agirliklandirma yontemlerinin irettigi agirliklarin
TOPSIS yontemiyle biitiinlestirilmesi sonucu ortaya ¢ikan iilke siralamalarinin, IGE 2025
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siralamalariyla tam olarak ortlismedigi goriilmektedir. Veri odakli agirliklandirma yontemleri
ile TOPSIS in biitiinlesik kullanimi, IGE nin geometrik ortalama ve esit agirlik yaklasimindan
farkl1 sonuglar iiretmistir. Ornegin, Belgika ve Liiksemburg objektif agirliklandirmaya dayali
siralamalarda daha iist basamaklara yiikselirken, Ispanya ve Yunanistan gibi bazi iilkeler daha
alt siralara gerilemistir. Orijinal IGE siralamalar1 ile objektif agirliklandirma + TOPSIS
sonuglar1 arasindaki maksimum fark 810 basamak civarindadir. Bu durum, veri odakli
agirliklandirma yontemlerinin, her bir gostergenin goreli 6nemini lilke 6zelinde farkli sekilde
yansittigini géstermektedir.

Tablo 3. IGE siralamalari, objektif agirliklandirma temelli TOPSIS siralamalari ve siralama farklari?

Ulkeler IGE ENTROPi CRITIC ECWM MEREC LOPCOW [2-3| [2-4| [2-5] [2-6] [2-7]
2) A3) “4) o) (6) (@) sira sira sira sira sira
farki farki farki farki farki

Danimarka 1 3 2 3 3 1 2 1 2 2 0
Almanya 2 6 6 6 6 3 4 4 4 1
isveg 2 5 5 5 5 6 3 3 3 3 4
Avusturya 4 4 4 4 4 4 0 0 0 0 0
Hollanda 5 7 7 7 7 7 2 2 2 2 2
Belgika 6 1 1 1 1 2 5 5 5 5 4
frlanda 7 9 9 9 9 8 2 2 2 2 1
Finlandiya 8 13 12 13 13 10 5 4 5 5 2
Slovenya 9 8 8 8 8 9 1 1 1 1 0
Malta 10 12 11 12 11 13 2 1 2 1 3
Liiksemburg 11 2 3 2 2 5 9 8 9 9 6
Fransa 12 10 10 10 10 16 2 2 2 2 4
Ispanya 13 14 21 15 16 23 1 8 2 3 10
Cekya 14 15 13 14 14 12 1 1 0 0 2
italya 14 11 14 11 12 21 3 0 3 2 7
Kibris 16 16 18 16 15 18 0 2 0 1 2
Yunanistan 17 26 19 24 23 19 9 2 7 6 2
Polonya 18 17 16 17 18 15 1 2 1 0 3
Estonya 19 21 17 19 19 14 2 2 0 0 5
Litvanya 20 18 15 18 17 11 2 5 2 3 9
Portekiz 21 20 25 21 22 25 1 4 0 1 4
Hirvatistan 22 19 23 20 20 22 3 1 2 2 0
Letonya 22 23 20 22 21 17 1 2 0 1 5
Slovakya 24 25 22 25 24 20 1 2 1 0 4
Macaristan 25 24 24 26 26 24 1 1 1 1 1
Bulgaristan 26 27 27 27 27 27 1 1 1 1 1
Romanya 26 22 26 23 25 26 4 0 3 1 0
Maksimum sira farki 9 8 9 9 10

SONUC

Bu ¢alismada, Insani Gelisme Endeksi (IGE) gostergelerinin objektif Cok Kriterli Karar Verme
(CKKV) agirliklandirma yontemleri kullanilarak hesaplanmasi yoluyla, insani gelismenin
Ol¢iimiiniin daha bilimsel ve veri temelli bir zemine oturtulmasi amaglanmistir. Bu dogrultuda,
bes objektif agirliklandirma yéntemi (ENTROPI, CRITIC, ECWM, MEREC ve LOPCOW)
karsilastirmali olarak incelenmis; elde edilen agirliklar TOPSIS yontemiyle biitlinlesik olarak
kullanilarak Avrupa Birligi iilkeleri i¢in alternatif iilke siralamalar1 olusturulmustur.

Calismani bulgular1 genel olarak kullanilan agirliklandirma yénteminin, IGE gdstergelerinin
onemini ve buna bagh iilke siralamalarini 6nemli dl¢iide degistirebilecegi yoniindedir. Daha
acik bir ifadeyle bulgular, objektif agirliklandirma yontemlerinin farkli teorik temellere
dayanmasi nedeniyle ayni veri seti tizerinde farkli agirlik desenleri iirettigini ve bu durumun da

2 Tablo 3’te parantez igindeki siitun numaralart ((3)—(8)) ilgili agirhklandirma yéntemi tabanli TOPSIS
stralamalarii gostermektedir. 2. siitunda IGE siralamalar1 yer almakta olup, “sira farki” stitunlarinda TOPSIS ve
IGE siralamalari arasindaki farkin mutlak degeri verilmistir.
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sonuglar {izerinde belirleyici oldugunu ortaya koymaktadir. Ozellikle ENTROPI, ECWM ve
MEREC yontemleri, kisi basina diisen gayrisafi milli geliri en yiiksek agirlikli kriter olarak 6n
plana cikarirken; CRITIC yontemi dogumda beklenen yasam siiresine, LOPCOW yo6ntemi ise
ortalama dgrenim siiresine en yiiksek agirligi atamistir. Standart sapma degerleri, CRITIC ve
LOPCOW yéntemlerinin daha dengeli agirlik dagilimlari iirettigini; buna karsilik ENTROPI,
ECWM ve MEREC yontemlerinin daha degisken agirliklar olusturdugunu gostermektedir.
Ayrica LOPCOW yénteminin ENTROPI yontemine kiyasla daha makul agirliklar {iretme
vaadini yerine getirdigi de tespit edilmektedir. Gergeklestirilen korelasyon analizi de
ENTROPI-ECWM-MEREC arasinda giiclii pozitif iliskiler bulundugunu, CRITIC ve
LOPCOW’un ise diger yontemlerle negatif yonde iliski sergiledigini ortaya koymustur.

TOPSIS yéntemiyle elde edilen iilke siralamalariin, IGE’nin geometrik ortalama ve esit agirhik
yaklagimiyla tam olarak ortlismedigi; bazi lilkelerin siralamalarda birka¢ basamak yiikseldigi
veya geriledigi gdzlemlenmistir. Bu bulgu Soltanpanah vd. (2010), Ozcan ve Oktay (2020) ve
Altintag (2020) tarafindan yapilan ¢alismalarla da uyumludur. Tiim bu farkliliklar, esit agirlik
varsayimimin ilkelerin goreli konumlarimi kismen g¢arpitabildigini ve veri odakl
agirliklandirma yaklagimimin karar vericilere daha duyarli ve gercekei bir degerlendirme
cercevesi sundugunu gostermektedir. Paruolo vd.’nin (2013) de ifade ettigi iizere, IGE nin
hesaplanmasinda uygun teorik ve metodolojik altyapiya dayanan bir hesaplama cergevesi
yerine yapimin basitligini dikkate alan bir yaklasimin (aritmetik veya geometrik ortalama)
benimsenmesinin bilgi kaybi ve yanmilticilik riskine yol acacagi unutulmamalidir. Bununla
birlikte, kullanilacak agirliklandirma ydnteminin problemin dogasina uygun olarak seg¢ilmesi
de bilyiik 6nem arz etmektedir. Ornegin, ECWM yontemi hem ENTROPI hem de CRITIC
hesaplamalarini gerektirdigi icin IGE’nin seffaflik ilkesine kismen ters diisebilir.

Gelecek caligmalar i¢in diger veri odakli agirliklandirma yontemlerini de kapsayacak bir
incelemenin yapilmasi ve duyarlilik analizleriyle desteklenen karsilagtirmalar yapilarak,
IGE’nin hesaplanmasinda en uygun teknigin belirlenmesi planlanmaktadir. Ayrica, analizin
IGE raporunda yer alan tiim iilkeleri kapsayacak sekilde genisletilmesi ve yontemlerin farkli
bolgesel veya sosyoekonomik gruplar iizerinde uygulanmasi onerilmektedir. Boylelikle, insani
gelismenin daha kapsamli, dinamik ve veriye duyarli bir bicimde degerlendirilmesine katk1
saglanabilecektir.
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TiCARI SERBESTLESMENIN IKiLi TICARET HACIMLERI UZERINDEKI
ETKISI: TURKIYE ICIN BiR CEKiMi MODELI ORNEGI
Ozgiir Engelogiu’

(0Y4

Ticaretin serbestlestirilmesi, tilkeler arasindaki uluslararasi ticaretin gelistirilmesi a¢isindan kritik bir adim olarak
kabul edilmektedir. Ticaretteki engellerin azaltilmasi yoluyla, serbestlesme politikalarinin, piyasalara erigimi
artirmasi, verimliligi yiikseltmesi ve ikili ticaret akiglarini tesvik etmesi beklenmektedir. Bu ¢alisma, Tiirkiye ile
ticaret ortaklar1 arasindaki ikili ticaret dinamikleri iizerinde, ticaretin serbestlesmesinin etkisini incelemektedir.
Ayrica, dini yakinlik ve ortak sinir gibi etkenlerin bu etkinin diizeyini artirip artirmadigi ya da azaltip azaltmadigi
da incelenmistir. Ampirik analizde literatiirde siklikla kullanilan ¢ekim modeli tercih edilmistir. Modelde bagiml
degisken ikili ticaret hacmi iken, bagimsiz degiskenler ise ticari serbestlesme endeksi, GSYH, iilkeler aras: mesafe
ve hiikiimet etkinligi seklindedir. Panel veri seti, 2004-2024 arasindaki donemi kapsamakta ve Tiirkiye'nin ticaret
hacminin en yiiksek oldugu 50 iilkeden, verileri elde edilebilen 45 tanesini igermektedir. Analiz i¢in en uygun
yontem olarak rassal etkiler modelinin belirlendigi ¢alismada potansiyel degisen varyans ve otokorelasyon
problemini agmak i¢in Driscoll Kraay standart hatalar1 kullanilmistir. Elde edilen bulgular, ticari serbestlesmenin
ikili ticaret hacimlerini anlamli bigimde artirdigini gostermektedir. Ayrica ¢ekim modeli literatiirii ile uyumlu
olarak ikili ticaret lizerinde {ilkelerin ekonomik biiyiikliigiiniin pozitif, iilkeler aras1 mesafenin ise negatif etkisi
vardir. Buna karsilik, dini yakinlik degigkeninin ticari serbestlesme iizerinde anlamli bir diizenleyici etkisi
bulunmamustir. Ortak sinir degiskeninin ise ticari serbestlesme iizerinde kismi bir etkisi s6z konusudur.

Anahtar Kelimeler: Tiirkiye, ikili ticaret, Cekim modeli, Panel veri analizi, Driscoll Kraay

THE IMPACT OF TRADE LIBERALIZATION ON BILATERAL TRADE VOLUMES:
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GIRIS

Kiiresel ekonomik konjonktiirde devletler arasi iligkilerin temel unsurlarindan birisi ikili ticaret
hareketleridir. Ticaretin serbestlesmesine yonelik adimlarin da bu iliskileri giiglendirmesi
beklenmektedir. Glimriik vergilerinin ve tarife dis1 engellerin azaltilmasi, piyasalara erigimin
kolay bir hale getirilmesi tilkeler aras1 ticaret akisin1 hizlandiracak, ekonomik entegrasyonu
artiracaktir. Dolayisiyla ticaretin serbestlesmesi ikili ticareti derinlestirecek, bu da iilkeler arasi
iliskilerin gelisimine katki saglayacaktir. Ticaretin serbestlesmesiyle artan bu iliski sonucunda
olusacak karsilikli bagimlilik sadece ekonomik agidan degil siyasi acidan da iilkeler arasi
iliskilerde 6nemli rol oynayacaktir.

Ticaretin serbestlesmesi iilkeler arasindaki ikili ticareti etkileyecek yegane unsur degildir.
Ulkelerin gelismislik diizeyi, cografi agidan yakinliklari, mevcut ticaret altyapilari, kiiltiirel
durumlar gibi faktorlerin de ikili ticaret tizerinde 6nemli etkilerinin olmas1 beklenmektedir.

Bu ¢alisma, Tiirkiye ile ticaret ortaklar1 arasindaki ikili ticaret dinamikleri iizerinde, ticaretin
serbestlesmesinin etkisini incelemektedir. Calismada ticari serbestlesme disinda, ekonomik
biiyiikliik, mesafe ve hiikiimet etkinligi gibi degiskenlerin de ikili ticaret lizerindeki etkisi ele
alinmistir. Ayrica, dini yakinlik ve ortak sinir gibi etkenlerin bu serbestlesmenin etkisini artirip
artirmadig1 ya da azaltip azaltmadigi da incelenmistir.

Ikili ticareti etkileyen unsurlar1 6lgmek icin genisletilmis ¢cekim modeli tercih edilmistir.
Uluslararas: ticaret literatiiriinde ¢ekim modeli, iki iilke arasindaki ticaretin belirleyicilerini
incelemek amaciyla yaygin olarak kullanilan ampirik araglardan biridir. Tinbergen (1962)
tarafindan gelistirilen bu model, iki iilkenin ekonomik biiyiikliikleri ve aralarindaki mesafenin
ticaret hacminin ana belirleyicileri oldugunu one siirer. S6z konusu model, zamanla
gelistirilerek ekonomik biiyiikliik ve mesafe disindaki degiskenlerin de modele eklenmesiyle
daha kapsamli hale gelmistir. Boylece ¢ok sayida farkli etkenin de ikili ticaret tizerindeki etkisi
incelenmeye baglamigtir.

Cekim modelinin genisletilmis bir halinin kurgulandigi bu c¢alismada panel veri seti
kullanilmistir. Veri seti, 2004-2024 arasindaki donem ig¢in Tirkiye'nin ticaret hacminin en
yiiksek oldugu 50 iilkeden, verileri elde edilebilen 45 tanesini kapsamaktadir.

Bu ¢aligmanin birinci boliimiinde ¢gekim modelinin teorik gercevesi lizerinde durulmustur. Bu
boliimii, ¢ekim modeli kullanilarak benzer iliskilerin incelendigi ¢alismalara yonelik literatiir
taramasinin yer aldigi literatiir ozeti boliimii izlemektedir. Ugiincii béliimde veri seti,
degiskenler ve kullanilacak ekonometrik yontemler {izerinde durulmustur. Calismanin
dordiincii boliimii ise uygulamaya yonelik olmus ve ekonometrik analiz sonucu elde edilen
bulgular sunulmustur. Calisma son olarak sonug boliimiiyle tamamlanmustir.

1. CEKIM MODELI

(Cekim modeli uluslararasi ticaret literatiiriinde, tlilkeler arasindaki ticaret akimlarini agiklamak
amaciyla siklikla kullanilmaktadir. Model, ilk kez Tinbergen (1962) tarafindan olusturulmustur.
Modelde iilkeler arasi ticaret hacimleri, tipki Newton’un yer¢ekimi kanununa benzer bir
yaklasimla aciklanmaktadir. Buna gore iki iilke arasindaki ticaretin biiytlkligi, tilkelerin
ekonomik biiyiikliikleri ile dogru, aralarindaki mesafe ile ters orantilidir. Bu nedenle modele
“cekim modeli” ad1 verilmistir.

Ikili ticaret akimlarinin sezgisel bir aciklamasi olarak gelistirilen model, her ne kadar saglam
ampirik bulgular sunsa da teorik temellerden yoksun olduguna dair elestiriler de almistir.
Anderson (1979), Helpman ve Krugman (1985), Bergstrand (1985 ve 1990) gibi ¢ekim
modeline mikro temeller kazandirmaya yonelik ¢ok sayida basarili girisim olduysa da 2000'li
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yillarin basinda, Anderson ve Van Wincop (2003) ve Eaton ve Kortum (2022)’un iki 6énemli
caligmasi ile cekimi modeli nihayet teorik temelli olarak kabul gérmiistiir (Kuik vd., 2018).

Iki iilke arasindaki ticaret akimlarimi agiklamayi ve tahmin etmeyi hedefleyen modelde
genellikle iilkelerin milli geliri, ekonomik biiyiikliik gostergesi olarak kullanilmaktadir. Bu
biiyiikliik, iilkelerin iiretim kapasitelerinin yani1 sira ihracat potansiyelleri ile ithalat taleplerini
temsil etmektedir. Ayrica, iki iilke arasindaki cografi uzaklik, ulasim maliyetleri ve ticaretin
kolaylastirici/engelleyici faktorleri acisindan kritik bir degisken olarak kabul edilmektedir
(Anderson, 1979). Ozet olarak model, daha biiyiik ekonomilere sahip ve birbirine daha yakin
olan iilkeler arasinda daha yogun ticaret akimlariin gerceklesecegini ongdrmektedir.

Model basit olarak su sekilde formiile edilmektedir:

A (1)
Ty = y
D/

Burada T;; iki tilke arasindaki ticaret akimini, Y; ve Y; iilkelerin ekonomik biiytikliklerini D;;
iilkeler arasindaki mesafeyi temsil etmektedir (Kabir vd., 2017). Yukaridaki modelin
logaritmasi alindiginda model, logaritmik dogrusal bir modele doniismektedir;

T;; = InA + alnY; + BInY; — ylnD;; @

boylece modeli en kiiclik kareler (OLS) ile tahmin etmek miimkiin olmaktadir. Modelin
hesaplanmasinda zamanla metodolojik agidan da bazi gelismeler yasanmistir. Baslangigta
sadece logaritmik dogrusal regresyon yontemi ile tahmin edilen ¢ekim modelleri, karsilasilan
sifir ticaret akimlarinin varlig1 ve degisen varyans gibi sorunlarin ¢éziimii i¢in Poisson Pseudo
En Cok Olabilirlik Tahmincisi (PPML) gibi daha gelismis ekonometrik yontemlerle de tahmin
edilmistir (Santos Silva & Tenreyro, 2006). Cekim modelindeki gelisim, sadece metodolojik
acidan degil kullanilan degiskenler acisindan da devam etmistir. Model baslangicta ikili
ticaretin sadece ekonomik biiylikliikk ve mesafeden etkilendigi fikriyle kurgulanmis olsa da
zamanla ¢ok sayida bagka faktorii de kapsayacak sekilde genisletilmistir. Ortak dil, kiiltiirel
baglar veya somiirge ge¢misi, sinir komsulugu, serbest ticaret anlagsmalari, giimriik tarifeleri ve
politik diizenlemeler bu faktdrlerden bazilaridir. Béylece ¢ekim modelinin agiklayici giicii
artirllmaya ¢alisilmistir (Head & Mayer, 2014). Genigletilmesiyle birlikte uluslararasi ticaret
literatiiriinde kullanim yogunlugu artan model, ekonomik iligkilerin sayisal analizinde temel bir
bagvuru noktasi haline gelmistir.

Sonug olarak, Tinbergen’in 1960’11 yillarda one siirdiigii ve basit ama saglam bir yaklagimla
ortaya cikan c¢ekim modeli, giiniimiizde gii¢lii mikroekonomik temellere dayali, geligmis
ekonometrik metotlarla tahmin edilebilen ve ¢ok boyutlu degiskenleri kapsayan bir teoriye
donlismiistir.

2. LITERATUR OZETi

Ik dénem caligmalarda genellikle ¢ekim modelinin iilkelerin dis ticareti igin gecerli olup
olmadigi test edilmistir. Bununla birlikte zamanla ¢ekim modeli genisletilmis ve ekonomik
biiylikliik ve mesafe disindaki degiskenlerin de {ilkelerin ikili ticareti {izerinde etkisini
incelenmistir. Bu caligmalarda degisken olarak demografik 6zelliklerin yani sira iilkeler arasi
ortakliklar ve benzerlikler 6n plana ¢ikmaktadir. Ayrica ticaretin serbestlesmesi ya da
kolaylasmasina yonelik olarak da iilkelerin taraf oldugu anlagmalar ve ticaret ortakliklar1 da
modelin igerisine eklenmistir. Bylece ikili ticaret hacmi agisindan sadece ekonomik biiyiikliik
ve mesafenin degil diger pek ¢ok faktoriin de etkisi incelenebilmistir. S6z konusu ¢alismalarda
biliylik oranda panel veri seti kullanilmig ve panel veri teknikleri ile analizler yapilmistir.
Literatiirdeki s6z konusu ¢alismalardan bazilar1 Tablo 1’de 6zetlenmistir.
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Tablo 1. Literatiir Ozeti

Yazar(lar) Kapsam Degiskenler Sonuglar
. N.uﬁ.l.s’ "r.t?k (.hl.’ ortak smir, WTO iiyeliginin dis ticaret {izerinde pozitif ve
178 iilke, somiirge iliskisi, ortak para . " . . .
Rose (2004) A . istatistiksel olarak anlamli bir etkisi vardir. Ancak
1948-1999  birimi, Dinya Ticaret bu etki beklenenden ¢ok daha kiigtiktiir.
Orgiitii (WTO) iiyeligi ¢ gulkiur.

Baier & 96 iilke, Ortak dll,.ortak S, Serbest ticaret anlagsmalar1 llkeler arasindaki ikili

Bergstrand 1960-2000 Serbest Ticaret Anlagmas ticaret hacmini 10 y1l sonunda ikiye katlamaktadir

(2007) (FTA) y ye ‘
WTO tiyeligi, serbest ticaret Her iki tarafin da serbestlesmeye gittigi durumlarda,

. . anlagmasi, serbest ticaret sadece bir tarafin serbestlesmeye gittigi durumlara

Subramanian 172 iilke, N . - e .

& Wei (2007) 1950-2000 bolgesi, olr‘Fak.d.ll, ortak sinir, gore ikili dis ticaret daha fazla artmaktadir. Ayrica
sOmiirge iliskisi, ortak para  serbestlesmeye gidilmeyen sektorlerde dis ticaret
birimi artig gdstermemistir.

Tatlic1 & Ekonomik biiytiklilk ve mesafe degiskenleri gekim

Kizltan 46 iilke, Niifus, ortak sinir ve modelinin beklentilerini karsilasa da niifus, glimriik

2011) 1994-2007  giimriik birligi iyeligi birligi tiyeligi ve ortak sinirmn ikili ticaret {izerinde

anlamli bir etkisi bulunamamustir.
WTO iiyeligi, serbest ticaret

Eicher & 177 iilke, anlagmasi, tercihli . WTO . iyeliginin ticaret gzerlnd.ekl ortalama

Henn (2011)  1950-2000 anlagmalar, ortak dil, ortak  etkisinin yakin mesafedeki gelismekte olan
sinir, somiirge iligkisi, ortak iilkelerde daha giiglii oldugu bulunmustur.
para birimi

Ikili anlagmalarin Tiirkiye’nin ihracati {izerinde

) Doviz rezervler, doviz anlamli bir etkisi bulunmazken, Gilimrik Birligi

Ozkaya 113 iilke, kurlari, niifus, 7 adet ikili ve haricinde Tirkiye’nin tarafi oldugu c¢ok tarafli

(2011) 1996-2016 4 adet ¢ok tarafli ticaret anlagmalarin  Tirkiye’nin  ihracati  iizerinde
anlagmasi tyeligi istatistiksel olarak anlamli ve pozitif bir etkisi

oldugu sonucu elde edilmistir.

Sandalctlar 4ilke, ) Niifus arttikca dig ticaretin aI’tElgl sonucuna
Niifus ve ortak sinir ulastlmistir. Ayrica ortak sinirin varligt da dis ticaret

(2012) 2002-2009 . Do .

iizerinde pozitif bir etki yaratmaktadir.
Dutt, Mihov . WTO uyellgl, tqufe . WTO iiyeligi ihracat marjin1 %25 genisletirken,
190 iilke, indirimleri, tercihli ticaret . . .. ..
& Van Zandt . . . sabit maliyetleri ise azaltmaktadir. Bununla birlikte
1988-2006  diizenlemesi, ortak dil, ortak ;. . . . ..

(2013) e degisen maliyetler iizerinde bir etkisi yoktur.

sinir, somiirge iliskisi
Niifus ve ticaretin AB {yesi ile yapilmasi

Alivu & 17 iilke Niifus, lilke benzerligi, AB  Nijerya’nin dig ticaretini pozitif etkilerken,

yu ’ iyeligi, BRICS iilkesi, ortak ekonomik benzerlik ve ticaretin BRICS iilkesi ile

Bava (2013)  1999-2012 ; " , . . .
dil yapilmast  Nijerya’nmn dig ticaretini negatif

etkilemektedir.
Dogu ve Giliney Afrika Cekim modelinin gegerli oldugu bulgusu elde

Dogan & 53 iilke, Ortak Pazar1 (COMESA) edilmis olsa da COMESA fiiyeligi, niifus, ortak dil

Tung (2015)  1995-2014  {iyeligi, niifus, ortak din, ve vize uygulamasini ikili ticaret {izerinde herhangi
vize uygulamasi bir etkisi olmadigi sonucuna ulasilmistir.

Ortak sir, Giineydogu
61 iilke Asya Ulkeleri Birligi Cin’in ikili ticaretinde AESEAN ve APEC
Livd. (2019) 199 5_2(’)12 (AESEAN) tiyeligi, Asya-  tyeliginin pozitif etkisi mevcutken ortak simirin
Pasifik Ekonomik Is birligi etkisi ise negatif bulunmustur.
(APEC) tiyeligi
_ Ingilizce  yeterliliginin ~ dogrudan iletisimi
Ingilizce dil yeterliligi, kolaylastirdig1 ve ikili ticaret akisini tesvik ettigine
Su vd. (2022) 70 iilke, kurumsal benzerlik, ortak dair giiglii kanitlarin bulundugu caligmada ayrica
’ 2011-2019  sinir, Serbest Ticaret kurumsal benzerlik, ortak sinir ve serbest ticaret
Anlagmast anlagmasi degiskenlerinin de ikili ticaret iizerinde
anlamli etkisi oldugu sonucuna ulagtlmistir.
Ticari serbestlesme, ortak ~ Ticari serbestlesmenin ikili ticaret {izerinde pozitif
Wang & Chen 10 iilke, dil, din benzerligi, ortak ve anlamli bir etkisi vardir. Ayrica ortak dilin varligi
(2025) 2012-2022 s, niifus, hiikiimet ve dini benzerlik s6z konusu iliskinin etkisini

etkinligi

artirmaktadir.
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Tablo 1°den gozlemlenebilecegi gibi ikili ticaret ile ticareti serbestlestiren/kolaylastirilan
faktorler arasindaki iliski genellikle ticaret anlagmasi ya da birlik iiyeliginin varligi ve
yoklugunu gdsteren kukla degiskenler araciligtyla analiz edilmistir. Bu ¢aligmada ise Wang &
Chen (2025) calismasi ile benzer sekilde ticari serbestlesme endeksi kullanilmistir. Ayrica dini
yakinlik i¢in de yine kukla degisken yerine endeks tercih edilmistir. Yine ¢cekim modeli
literatiiriinde az rastlanan bir degisken olan hiikiimet etkinligi degiskeni de bu ¢alismada modele
dahil edilmistir.

3. VERI SETi, DEGISKENLER VE EKONOMETRIK YONTEM

Calismada 2024 yili itibariyle Tiirkiye'nin ticaret hacminin en yiiksek oldugu 50 {ilke dikkate
alimmistir. Bu iilkelerden tiim verileri elde edilebilen 45 tanesi analize dahil edilirken, bazi
degiskenlerde veri eksikligine sahip 5 tanesi analiz dis1 birakilmustir. Yillik verilerin kullanildigt
calismada 2004-2024 arasim1 kapsayan 21 yila ait veriler ilgili veri tabanlarindan temin
edilmistir. Tablo 2’de ¢alismada kullanilacak degiskenler ve bu degiskenlere ait verilerin elde
edildigi kaynaklar sunulmustur.

Tablo 2. Analizde kullanilan degiskenler

Kisaltma Degisken Ad1 Veri Tipi Kaynak
e USD cinsinden ihracat + ithalatin Tiirkiye Istatistik Kurumu,
Trade Ikili Ticaret . ’ C
logaritmasi Dis Ticaret Istatistikleri
L . The Heritage Foundation,
Tf Ticari Serbestlesme Endeks (0 ile 100) Index of Economic Freedom
Gdp o Kaynak Ulkenin 2015 sabit fiyatlariyla USD Diinya Bankas1, World
P_ Ekonomik Biiytikligii cinsinden GSYH nin logaritmasi Development Indicators
Gdp d Hedef Ulkenin Ekonomik 2015 sabit fiyatlartyla USD Diinya Bankas1, World
P_ Biiyiikligi cinsinden GSYH nin logaritmasi Development Indicators
Dist Mesafe En bilyik sehirler arasinda km CEPII, Gravity Database
cinsinden mesafenin logaritmasi
Ge Hiikiimet Etkinligi Endeks (-2,5 ile 2,5) Diinya Bankas, Worldwide
Governance Indicators
Coint Ortak Stir Kukla, 1 veya 0 CEPII, Gravity Database
Comrelig  Dini Yakinlik Endeks (%0 ile %100) CEPII, Gravity Database

Calismada Tablo 2’de yer alan degiskenler araciligiyla genisletilmis c¢ekim modeli
kurgulanmigtir. Bu kapsamda {ii¢ farkli hipotez test edilmistir. S6z konusu hipotezler ve bu
hipotezlerin testi i¢in kurgulanan modeller ise su sekildedir;

H1: Ticari serbestlesme, Tiirkiye ile ticaret ortag iilkeler arasindaki ikili ticaret hacmini
onemli olciide artirmaktadir.

Trade;j, = ag + a1 Tfj + ayGdp,, , + a3Gdpg;, + ayDist;j + asGej + uy, 3)

H2: Dini yakinlk, ticari serbestlesmenin Tiirkiye ile ticaret ortag iilkeler arasindaki ikili
ticarete olan olumlu etkilerini artirmaktadir.
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Tradei,j,t = ﬁO + ﬁlej,t + IBZTfCOmreligi'j't + B3 Comreligi,j + ﬁ4deoi't + 185 dedj,t
+ ﬁGDiSti'j + ﬁ7Gej’t + Uit (4)

H3: Ortak sinir, ticari serbestlesmenin Tiirkiye ile ticaret ortagu iilkeler arasindaki ikili ticarete
olan olumlu etkilerini artirmaktadir.

Trade;j: = vy +v1Tfjc + v.Tf_Coint; j; + y3Coint; j + y,Gdp_o; + ysGdp_d; .
+ yeDist;; + y,Ge; + u;, (5)

burada i, Tiirkiye’yi yani kaynak tilkeyi; j, Tiirkiye’nin ticaret ortagini yani hedef iilkeyi; t ise
zamani temsil etmektedir. H2 ve H3 kurgulanirken Comrelig ve Coint degiskenlerinin Trade
degiskenini hem sabit terim iizerinden hem de Tf iizerinden etkiledigi varsayilmistir.

Ekonometrik olarak panel veri tekniklerinin tercih edildigi ¢aligmada ilk olarak serilerin
duraganlik diizeyi test edilmistir. Ancak serilerin duraganliginin hangi birim kok testiyle
simacag1 belirlenmeden once serilerde yatay kesit bagimlilig1 olup olmadigina bakilmalidir.
Serilerde yatay kesit bagimliliginin olmasi1 durumunda yatay kesit bagimliligint dikkate alan
ikinci nesil birim kok testleri tercih edilmelidir.

Panel veri setlerinde, yatay kesit bagimlilig1 sorunu ¢ok sik karsilasilan bir durumdur. Yatay
kesit bagimliliginin tahminler {izerindeki etkisi, kesitler arasindaki korelasyonlarin biiyiikligi
ve kesit bagimliliginin dogasiyla iliskilidir. (Hoyos & Sarafidis, 2006). Birim sayisinin (N),
zaman boyutundan (T) biiyiik oldugu durumlarda yatay kesit bagimlilig1 CD testi ile sinanabilir
(Pesaran, 2021). CD testi sonucu elde edilen test istatistigi kritik degerden biiyiikse; seride yatay
kesit bagimlilig1 olmadigini isaret eden sifir hipotezi reddedilmektedir.

Yatay kesit bagimliliginin tespit edildigi serilerde birim kok testi i¢in Yatay Kesitsel Olarak
Genisletilmis Im, Pesaran, Shin (CIPS) testi kullanilirken, yatay kesit bagimliliginin olmadigi
seride ise birim kok testi i¢in Levin, Li & Chun (LLC) testi tercih edilmistir. Modelde kullanilan
kaynak {iilkenin GDP degeri degiskeni dogas1 geregi birimlere gore degismemekte sadece
zamana goOre degismektedir. Dolaysiyla zaman serisi tipindeki bu serinin duragan olup
olmadigina Phillips-Perron (PP) birim kok testi ile bakilmistir.

Serilerin duraganlik diizeyleri tespit edildikten sonra hangi panel veri analizi modeli ile tahmin
yapilacagina Hausman testi ile karar verilmistir. Bu test, panel veri literatiiriinde sabit veya
rassal etkiler modelinin tercihinde siklikla kullanilmaktadir. Genellikle digsallik varsayiminin
testi olarak adlandirilan test, gdozlemlenemeyen bireysel etkinin modeldeki kosullu bagimsiz
degiskenlerle iliskili olup olmadigini istatistiksel olarak ortaya koyar. Gozlemlenemeyen
bireysel etkinin digsalligi reddedilmezse rassal etkiler modeli, reddedilirse sabit etkiler modeli
desteklenir.

Degiskenler arasindaki iliskinin dogru bir sekilde tahmin edilmesi i¢in uygun modelin segilmesi
¢ok onemlidir. Ornegin, gdzlemlenemeyen bireysel etki ile kosullu bagimsiz degiskenler
arasinda bir korelasyon varsa, bagimsiz degiskenlerin igselligini dikkate almayan rassal etkiler
modeli tahmini, kosullu ortalamanin sapmal1 ve tutarsiz tahminlerini verecektir. Tersi durumda
ise sabit etkiler modeli tutarli, ancak etkin olmayan tahminler verecektir (Amini vd., 2012).
Sonraki boliimde sirasiyla yukarida anlatilan ekonometrik analizler yapilacak ve H1, H2 ve
H3’lin gecerli olup olmadiklari test edilecektir.

4. EKONOMETRIK UYGULAMA

Analiz asamasinda ilk olarak serilerde yatay kesit bagimliligi olup olmadig test edilmistir. Bu
sayede serilerin duraganligini sinayabilmek i¢in hangi testlerin kullanilabilecegi belirlenmistir.
Test sonuglar1 Tablo 3’te verilmistir;

September 24-26, 2025 89



22nd International Symposium on Econometrics, Operations Research and Statistics

Tablo 3. Pesaran (2004) CD Testi Sonuclari

Degisken CD Test Istatistigi Olasilik
Trade 119,195 ,000
Tf 68,75 ,000
Gdp_d 108,988 ,000
Ge -0,06 953

Panel veri tipindeki degiskenler i¢in yapilan CD Testi sonucuna gore Trade, Tf ve Gdp d
degiskenlerinde yatay kesit bagimlilig1 yoktur hipotezi reddedilirken, Ge degiskeni i¢in soz
konusu hipotez reddedilememistir. Dolayisiyla Trade, Tf ve Gdp_d degiskenleri i¢in yatay kesit
bagimliligini dikkate alan CIPS birim kok testi kullanilirken, Ge degiskeni igin geleneksel birim
kok testlerinden Levin, Li & Chun testi kullanilmistir. Ayrica yapist geregi zaman serisi
bicimindeki Gdp o degiskeni i¢cin de PP birim kok testi kullanilmistir. Birim kok testleri sonucu
elde edilen sonuglar Tablo 4 ve Tablo 5’te sunulmustur.

Tablo 4. CIPS Birim Kok Testi Sonuc¢lari

Sabitli Sabitli ve Trendli
) Kritik Degerler ) Kritik Degerler
Degisken CIPS Istatistigi CIPS Istatistigi
%10 %S5 %]l %10 %S5 %1
Trade -2,219 -2,885
Tf -2,572 2,04 2,11 -223 -3,660 -2,54 2,61 -2,73
Gdp d -2,283 -2,184
Tablo 5. LLC ve PP Birim Kok Testleri Sonug¢lar:
Sabitli Sabitli ve Trendli
Birim Kok Testi
Degisken Test Istatistigi Olas. Test Istatistigi Olas.
Levin, Li & Chun Ge -1,775 ,038 -1,201 115
Phillips-Perron Gdp o -4,879 ,005 -0,475 877

Tablo 4 ve Tablo 5’ten de gozlemlenebilecegi gibi modelde yer alan serilerin tamami sabitli
durumda diizeyde duragan, yani I(0) bicimindedir. Dolayisiyla s6z konusu serilerin diizey
degerlerini kullanarak sabit etkiler veya rassal etkiler modellerinden bir tanesiyle analiz yapmak
miimkiindiir. Her bir hipotez i¢in kurgulanmis olan modellerde sabit etkiler veya rassal etkiler
modellerinden hangisinin kullanilacagina ise Hasuman testi ile bakilmistir. Her bir hipotez i¢in
test sonuglar1 Tablo 6’da verilmistir.

Tablo 6. Hausman Testi Sonuclari

Chi-Square ist. Olas. Model
H1 4,35 ,360 Rassal Etkiler
H2 6,27 ,180 Rassal Etkiler
H3 6,63 ,250 Rassal Etkiler
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Tablo 6’da yer alan test sonuglarina gore rassal etkiler modelini isaret eden sifir hipotezi, her
ii¢ hipotez icin kurgulanan modelde de reddedilememistir. Dolaysiyla ekonometrik analiz i¢in
rassal etkiler modeli tercih edilmistir. H1, H2 ve H3 icin rassal etkiler tahminlerinin sonuglar1
Tablo 7°de yer almaktadir.

Tablo 7. Rassal Etkiler Tahmin Sonuclar

H1 H2 H3
Tt 0,0113%** 0,0123#** 0,0148%**
(7,24) (5,76) (8,87)
. 0,7970%**
Comrelig (2.28)
. -0,0021
Tf Comrelig (<0,61)
. 2,0108%**
Coint (4,68)
. -0,0225%*%*
Tf Coint (-5,45)
Gdp o 0,8465%** 0,8272%** 0,8356%**
P (21,63) (20,89) (21,39)
Gdo d 0,6769%** 0,7082%** 0,68027%**
P (13,17) (13,50) (13,01)
Dist -0,8454*** -0,8751%*** -0,8135%**
(-7,87) (-8,17) (-7,11)
Ge -0,0633 -0,0512 -0,0545
(-1,39) (-1,11) (-1,21)
Sabit -20.3649%** -20.6715%** -20.7176%**
(-17.46) (-17,75) (-16,78)
N 945 945 945
R 0.6496 0.6713 0.6535
Breusch-Pagan / Cook-Weisberg Chi-Square = 8,33 Chi-Square = 12,94 Chi-Square = 13,12
Degisen Varyans Testi Olas. = 0,004 Olas. = 0,000 Olas. = 0,000
. . F(1, 44)=40,718 F(1, 44)=40,718 F(1,44)=40.418
Wooldridge Otokorelasyon Testi Olas. = 0,000 Olas. = 0,000 Olas. = 0.000

Tablo 7°de yer alan tahmin sonuglarina gore Ge hari¢ neredeyse tiim katsayilar istatistiksel
olarak anlaml1 ¢ikmistir. Ayrica parametrelerin igaretleri de beklentiler ve literatiirle uyumludur.
Ancak katsay1 tahminlerinden sonra yapilan test sonuglarina gore tic modelde de hem degisen
varyans hem de otokorelasyon sorunlarinin varligina dair gii¢lii kanitlar mevcuttur. S6z konusu
problemleri asmak i¢in Driscoll-Kraay (1998) tahmincisi kullanilmistir. Driscoll-Kraay
tahmincisi sagladig1 direngli standart hatalar araciligiyla degisen varyans ve otokorelasyon
problemleri ortadan kaldirmaktadir (Vogelsang, 2012). Driscoll-Kraay tahmincileri ile elde
edilen test sonuglar1 Tablo 8’de verilmistir.
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HI1 H2 H3
¢ 0,0113%%* 0,0123%** 0,0148%**
(3,78) (2,63) (4,52)

Comrelig (%732‘71(;

. -0,0021

Tf Comrelig (-0,40)
. 2,0108*
Coint 2,01)
. -0,0225% %%
Tf Coint (-4,47)
Gdb o 0,8465%** 0,8272%** 0,8356%**
P (7,57) (6,84) (7,15)
G d 0,6769%** 0,7082%** 0,6802%**
p_ (4,89) (4,70) 4,51)
Dist -0,8454+ %% -0,8751%%* -0,8135%#%
(-3,87) (-4,03) (-4,51)
Ge -0,0633 -0,0512 -0,0545
(-0,66) (-0,63) (-0,61)
Sabit -20.3649%** 20.6715%** 20.7176%**
(-6.22) (-6,34) (-6,52)
N 945 945 945
R 0.6496 0.6713 0.6535

Driscoll-Kraay tahmincileri ile elde edilen nihai sonuglara gore; ticari serbestlesme her ii¢
modelde de ikili ticaret iizerinde pozitif ve anlamli bir etkiye sahiptir. Bununla birlikte dini
yakinligin s6z konusu etkiyi artirdigina dair bir kanit bulunamamistir (H2). Ancak sonuglar
ortak sinirin, ticari serbestlesmenin ikili ticaret lizerindeki etkisini degistirdigini gostermektedir
(H3). Yine tiim modellerde hedef iilkedeki hiikiimet etkinliginin ikili ticaret {izerinde anlaml
bir etkisi olmadigi sonucuna ulasilmistir. Ayrica temel g¢ekim modeli kapsaminda tiim
modellerde literatiire uygun sekilde iilkelerin ekonomik biiyiikliikleri ikili ticaret hacimlerini
pozitif etkilerken, lilkeler aras1 mesafe ile ikili ticaret arasinda negatif bir iliski vardir.

H1 modelinin sonuglarina gore, hedef iilkenin ticari serbestlesme endeksindeki 1 puanlik artis,
ilgili tilkenin Tirkiye ile ikili ticaret hacmini %1,13 oraninda artirmaktadir. Yine Tiirkiye nin
ekonomik biiyiikliigiinde meydana gelen %1°lik artig da ikili ticaret hacmini %0,85
artirmaktadir. S6z konusu artig oran1 Tiirkiye’'nin ticaret ortaginin ekonomik biiyiikliigli soz
konusu oldugunda ise %0,68’dir. Cekim modelinin bir diger 6nemli degiskeni olan mesafeye
baktigimizda ise Tiirkiye ile hedef iilke arasindaki km cinsinden mesafe %1 oraninda arttiginda,
ikili ticaret hacminin %0,85 oraninda azaldig1 goziikkmektedir.
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Dini yakinligin, ticari serbestlesmenin ikili ticarete olan olumlu etkilerini artirip artirmadiginin
test edildigi H2 sonuglarina gore, elde edilen katsay1 tahminleri H1 tahminleri ile paralellik arz
etmektedir. Ancak dini yakinlik degiskeninin ne sabit terim iizerinde ne de ticari serbestlesme
iizerinde istatistiksel acidan anlamli bir etkisene rastlanilmamistir. Bu modelde ticari
serbestlesmedeki 1 puanlik artisin etkisi %1,23’e ¢ikarken, kaynak iilke ekonomik
biiytlikliigiindeki %1’lik artisin pozitif etkisi %0,83’e diismiis, hedef iilke ekonomik
biiytikliigiindeki %1°lik artisin pozitif etkisi ise %0,71’e ¢ikmistir. Son olarak mesafedeki
%1°lik artigin ikili ticaret lizerindeki azaltic1 etkisi ise %0,88 seviyesinde bulunmustur.

Dini yakinlik yerine ortak sinirin diizenleyici olarak modele katildigi1 H3’iin sonuglarinda da
ticari serbestlesme (%0,15), ekonomik biiyiikliikler (%0,84 ve %0,68) ve mesafenin (-%0,81)
etkileri H1 ve H2 ile benzerlik gostermektedir. Bununla birlikte ortak sinirin varlig sabit terim
izerinde pozitif katki yaparken, ticari serbestlesmenin ikili ticaret tizerindeki %0,84’liik etkisini
0,02 puan azaltarak %0,82’ye diisiirmektedir. Burada ortak sinirin, ticari serbestlesmenin ikili
ticaret lizerindeki etkisini degistirdigini goézlemleyebiliyoruz ancak séz konusu etki negatif
oldugundan (her ne kadar sabit terim iizerindeki etkisi pozitif olsa da) ilgili hipotezin mutlak
bir sekilde gecerli oldugunu sdylemek miimkiin degildir.

SONUC

Bu calismada basta ticari serbestlesme olmak iizere Tiirkiye’nin ikili ticaretini etkileyen
faktorler, cekim modeli araciligiyla incelenmistir. Elde edilen bulgulara goére her ii¢c modelde
de ticari serbestlesme, ikili ticareti pozitif ve anlaml bir sekilde etkilemektedir. Yani, hedef
iilkenin ticari serbestlesme endeksindeki artig, Tiirkiye’nin hedef iilkeyle olan ticaretini belirgin
sekilde artirmaktadir. Elde edilen bulgular literatiirdeki benzer bulgularla tutarlilik gostermekte
ve serbestlesme politikalarinin  ticaret hacminin  genisletilmesi agisindan  Snemini
vurgulamaktadir.

Bununla birlikte, ¢alismada dini yakinligin ticari serbestlesmenin ikili ticaret iizerindeki
etkilerini artirdig1 hipotezini destekleyen bulgular elde edilememistir. Ilgili degiskenin hem
sabit terim tizerinde hem de ticari serbestlesme iizerinde anlamli bir katkis1 yoktur. Bu durum,
dini faktorlerin Tiirkiye’nin ikili ticaret iligkilerinde belirleyici bir unsuru olmadigini, soz
konusu iligkinin daha c¢ok ekonomik ve cografi etkenler {izerinden sekillendigini
gostermektedir.

Calismanin dikkat ¢ekici sonuglarindan birisi de ortak sinira iligkindir. Bulgular, ortak sinirin
sabit terimi pozitif etkiledigini, ancak ticari serbestlesmenin ikili ticaret lizerindeki etkisine
siirli da olsa azaltic1 yonde etki ettigini gdstermektedir. Dolayisiyla, ortak sinir iilkeler arasinda
dogal bir ticaret avantaji1 yaratsa da ticari serbestlesme ile etkilesimi beklenen 6l¢iide pozitif bir
tamamlayicilik etkisi ortaya koymamaktadir. Bu durum, ilgili hipotezin yalnizca kismen
desteklendigi seklinde yorumlanabilir.

Temel ¢ekim modeli degiskenlerine iliskin bulgular da literatiirle uyumlu sekilde sonug
vermistir. Buna gore hem kaynak iilke hem de hedef lilkenin ekonomik biiytiikliikleri ikili ticaret
hacmini pozitif yonde etkilemekte iken mesafe degiskeninin beklendigi gibi ikili ticaret
izerinde negatif bir etkisi s6z konusudur. Tiirkiye’nin ekonomik biiyiikliigiindeki artisin ticaret
hacmine katkisi, partner iilkenin ekonomik biiytlikliglindeki artiga gore daha yliksek
bulunmustur. Bu durum, Tiirkiye’nin ekonomik kapasitesini artirmasinin ticari iliskileri
gelistirmede dnemli bir rol oynayacag: seklinde degerlendirilebilir.

Sonug olarak, elde edilen bulgular 1s181nda ticari serbestlesmenin Tiirkiye’ nin ikili ticaretinde
temel bir belirleyici oldugu giiclii bir sekilde iddia edilebilir. Bununla birlikte, dini yakinligin
bir etkisinin olmamasi ve ortak sinirin beklenmedik sekilde serbestlesme iizerindeki azaltic
etkisi, ikili ticaretin ¢ok boyutlu dogasina isaret etmektedir. S6z konusu durumun, Tiirkiye’ nin
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cesitli pazarlara yonelik tarafsiz ticaret politikalarindan da kaynaklanma ihtimali olabilir.
Politika yapicilar agisindan bu sonuglar, ticaret hacmini artirmak icin serbestlesme
politikalarmin kararlilikla stirdiiriilmesi gerektigini bir kez daha ortaya koymaktadir. Bu
yoniiyle calismanin sonuglari, Baier ve Bergstrand (2007), Subramanian & Wei (2007) ve Wang
& Chen (2025) calismalarinin sonuglariyla benzerlik géstermektedir.

Sonraki arastirmalarda, bu calismada kullanilan veri setinin genisletilmesi ve farkli zaman
dilimlerinin karsilagtirmali olarak ele alinmasi yararli olabilir. Ayrica ortak dil, tarihi baglar
veya demokrasi seviyesi gibi faktorlerin ticari serbestlesme ile olan iligkilerinin incelenmesi,
daha derinlemesine sonuglar sunabilir. Bununla birlikte, sektdr bazinda ayristirilmis ticaret
verileri araciligiyla serbestlesme politikalarinin hangi sektorlerde daha giiclii veya zayif etkiler
yarattiginin analiz edilmesi literatiire degerli bir katki saglayabilmesinin yani sira politika
yapicilarina da daha somut ¢ikarimlar yapma imkani taniyacaktir.
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A COMPARATIVE ANALYSIS OF CRUDE OIL PRICE SERIES STABILITY VIA
FOURIER-BASED UNIT ROOT TESTS

Riiya Karci! Asiye Tiitiincii®

ABSTRACT

Crude oil prices have been identified as a key economic and political indicator due to its position as a critical
component of the global energy supply. The economic repercussions of fluctuations in the prices of these
commodities are extensive, having ramifications for countries that import and export energy, financial markets and
the real sector. Crude oil prices have been demonstrated to exhibit structural breaks and non-linear behaviour over
time, influenced by various factors such as economic crises, geopolitical risks, supply-demand imbalances and
technological developments. The analysis of the time series characteristics of oil prices is of significance for both
academic literature and policymakers. The main objective of this study is to examine the stability characteristics
of representative crude oil types selected from different regions from a comparative perspective. The study utilized
monthly price data for five crude oils from North America, Europe, the Mediterranean, Asia and the Persian Gulf
to conduct a comprehensive examination of the stability characteristics of oil prices during the period 1990:05—
2020:10. The series are analyzed using Fourier ADF, Fractional Fourier ADF and Fourier Wavelet ADF tests. It is
evident that these tests are more sophisticated than traditional tests in that they take structural change into account.
The results of the unit root tests indicate that there has been a statistically significant structural change in the
variables. Furthermore, the variables do not contain a unit root in the presence of structural change. In this instance,
it can be posited that the shocks applied to the variables are of a temporary nature.

Keywords: Crude Oil Prices, Stability, Fourier ADF Tests

FOURIER TABANLI BiRiM KOK TESTLERI iLE HAM PETROL FiYAT
SERILERINDEKI SOKLARIN KARSILASTIRMALI ANALIZi

(0Y4

Ham petrol fiyatlar, kiiresel enerji arzinin kritik bir bileseni olmast nedeniyle 6énemli bir ekonomik ve siyasi
gosterge olarak gosterilmektedir. Bu emtialarin fiyatlarindaki dalgalanmalarin ekonomik sonuglari dnemlidir ve
enerji ithal eden ve ihrag eden iilkeler, finansal piyasalar ve reel sektor icin etkileri bulunmaktadir. Ham petrol
fiyatlarinin zaman iginde ekonomik krizler, jeopolitik riskler, arz-talep dengesizlikleri ve teknolojik gelismeler
gibi cesitli faktorlerden etkilenerek yapisal kirilmalar ve dogrusal olmayan davranislar sergilemektedir. Petrol
fiyatlarinin zaman serisi 6zelliklerinin analizi hem akademik literatiir hem de politika yapicilar i¢in dnemlidir. Bu
calismanin temel amaci, farkli bolgelerden segilen temsili ham petrol tiirlerinin karsilagtirmali bir perspektiften
kararlilik 6zelliklerini incelemektir. Caligmada 1990:05-2020:10 doneminde petrol fiyatlarinin istikrar
ozelliklerinin incelemesini i¢in Kuzey Amerika, Avrupa, Akdeniz, Asya ve Basra Korfezi'nden bes ham petroliin
aylik fiyat verilerini kullanilmistir. Seriler, Fourier ADF, Kesirli Fourier ADF ve Fourier Dalgacik ADF testleri
kullanilarak analiz edilmektedir. Bu testlerin, yapisal degisimi dikkate almalar1 agisindan geleneksel testlerden
daha gelismis oldugu aciktir. Birim kok testlerinin sonuglari, degiskenlerde istatistiksel olarak anlamli bir yapisal
degisiklik oldugunu gostermektedir. Ayrica, degiskenler yapisal degisiklik varliginda birim koki icermez. Bu
durumda, degiskenlere uygulanan soklarin gecici nitelikte oldugu 6ne siiriilebilir.

Anahtar Kelimeler: Ham petrol fiyatlari, Duraganlik, Fourier ADF test
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INTRODUCTION

Crude oil prices are of particular significance for global economies insofar as they represent a
strategic input for energy production. Fluctuations in prices have significant economic
repercussions on energy importing and exporting countries, as well as on financial markets and
the real sector. The functioning of oil markets is sensitive to a variety of factors, including
economic crises, geopolitical developments, supply-demand shocks and technological
innovations. Therefore, analyzing the time series characteristics of oil prices is essential both
for academic studies and for policymakers.

Stationarity, a foundational concept in time series analysis, is instrumental in comprehending
the long-term dynamics of series. This phenomenon is particularly evident in the context of
series such as energy prices, which demonstrate volatility. The presence or absence of
stationarity is directly decisive in both the selection of econometric methods to be used and the
validity of the economic inferences obtained. Therefore, the unit root properties of crude oil
prices have been extensively examined in the existing literature. Nevertheless, the findings of
the relevant studies have not yet reached a definitive consensus on these characteristics.

In pioneering studies examining the stationarity properties of oil prices, traditional unit root
tests such as the Augmented Dickey-Fuller (ADF), Phillips-Perron (PP) and Kwiatkowski—
Phillips—Schmidt—Shin (KPSS) tests have generally been preferred (Sivapulle & Moosa, 1999;
Tabak, 2003; Coimbra & Esteves, 2004; Serletis & Rangel-Ruiz, 2004). Furthermore, studies
involving structural breaks are also present in the existing literatiire (Gtilen, 1997; Postali &
Picchetti, 2006; Ozdemir, Gokmenoglu, & Ekinci, 2013; Barros & Gil-Alana, 2016; Gil-Alana
& Monge, 2020; Landajo, Presno, & Fernandez Gonzalez, 2021). However, a significant
proportion of these studies focus exclusively on a single testing approach or lack comparisons
that encompass regional differences.

The objective of this study is to examine the stability characteristics of bencmark crude oil types
selected from different geographical regions from a comparative perspective. The stationary
properties of oil prices for the period 1990:05-2020:10 are analysed using monthly price series
for five different crude oils from North America, Europe, the Mediterranean, Asia and the
Persian Gulf. The Fourier ADF, Fractional Fourier ADF, and Fourier Wavelet ADF tests are
applied in this study. Within this framework, the study aims to (i) conduct a comparative
stationarity analysis of oil prices in different regions, (ii) assess the effects of structural breaks,
and (iii) provide methodological depth by simultaneously presenting the results obtained from
different unit root tests.

1. DATA

The objective of this study is to examine whether the fluctuations in world oil prices are of a
permanent or temporary nature. The variables Brent, Duri, Omman, Urals, and West Texas
Intermediate are examined over the monthly period from 1990:5 to 2020:10. The variables have
been employed in logarithmic form and adjusted for seasonal effects. Furthermore, the data are
obtained from the Thomson Reuters Eikon (Refinitiv) database, and diagnostic statistics are
presented using Table 1.

Table 1. Diagnostic Statistics

Statistics Brent Duri Omman Urals West Texas Int.
Mean 1.593 1.563 1.574 1.576 1.597
Median 1.615 1.592 1.595 1.600 1.611
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Maximum 2.124 2.118 2.122 2.112 2.127
Minimum 0.992 0.950 0.991 0.971 1.055
Std. Deyv. 0.300 0.316 0.308 0.307 0.273
Skewness 0.031 0.017 0.039 0.041 0.030
Kurtosis 1.707 1.722 1.663 1.708 1.711

Upon consideration of Table 1, it becomes evident that all variables manifest a right-skewed
and platykurtic distribution. Furthermore, while the means of the variables approximate each
other, the Duri oil price demonstrates the lowest mean and the West Texas Intermediate oil price
exhibits the highest mean. The temporal progression of oil prices during the period under
consideration is illustrated in Graph 1.

Graph 1. Time Series for Oil Prices
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As demonstrated in Graph 1, there has been a general upward trend in oil prices, although there
have been occasional declines. The first decline in the period under review occurred in 1998 as
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a result of tensions among member countries (Mabro, 2009)*. Secondly, although oil prices fell
in 2008 in conjunction with the financial crisis, they subsequently experienced a resurgence
until 2014. However, with the oversupply that occurred in 2014, prices fell back to rock-bottom
levels in 2016 (World Economic Forum, 2016)* and remained low during the COVID-19
pandemic.

2. METHODOLOGY AND EMPIRICAL FINDINGS

In accordance with the objective of the study, variables related to oil prices are subjected to unit
root tests. The underlying rationale for this phenomenon is that extant literature has
demonstrated that the circumstance in which a variable reverts to its mean over time (i.e. the
transient nature of shocks) can be assessed through the utilization of unit root tests (Bayraktar
et al., 2023). Furthermore, in light of the fluctuations in oil prices during the study period, this
study has incorporated unit root tests that are capable of accounting for structural change. In
this context, unit root tests that take smooth breaks into account using Fourier terms have been
employed, as suggested by Becker et al. (2004). These tests utilize the unit root tests developed
by Enders and Lee (2004) and expanded with the Fourier terms in Equation 1: the Fourier
Augmented Dickey Fuller (FADF), the Fractional Fourier Augmented Dickey Fuller (FFADF),
and the Fourier Wavelet Augmented Dickey Fuller (FWADF).

n

2wkt < 2mkt
Ay = Qo +Zaksm T +z,8kcos

k=1 k=1

in<T/2 (1)

The trigonometric terms (sin and cos) displayed in Equation 1 serve as the foundation for the
Fourier terms. 7 denotes the sample size, # denotes the trend and £ is the frequency count ranging
from / to 5. While trigonometric terms are indicative of structural change, it is imperative that
traditional tests are utilised when the coefficient is statistically insignificant. Enders and Lee
(2012) introduced the Fourier ADF (FADF) unit root test to the literature by adding Fourier
terms to the ADF equation, as shown in Equation 2.

2wkt 2mkt :
Ay = 61 + 0;y-1 +y15in T + Bicos T + Z U Ay + v (2)
i=1

The term 6, in Equation 2 is employed to assess the unit root process of the variable. The null
and alternative hypotheses for this unit root test are tested with the hypotheses H,: 8, = 0 and
H,:0, < 0, respectively. The results obtained from the FADF unit root test are presented in
Table 2.

Table 2. Results of the FADF Unit Root Test

Variables k 1 F-Test Statistics lSTi;]t)ifﬁ"Ic‘zst
Brent 1 4 8.435° -3.712*

1 4 7.939° -4.1*
Duri 1 11 10.209¢ -3.923°

3 https://ora.ox.ac.uk/objects/uuid:8e¢176905-4979-44a5-bc97-
3096e5adea6ce/files/m4a6812aal146e42e81d9030805b94cc39#:~:text=Successive%20deci%2D%20sions%20by
%?200PEC, Venezuela%2C%20Iran%20and%20Gulf%20Countries.

4 https://www.weforum.org/stories/2016/05/why-are-oil-prices-so-low/
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1 10 7.949% -4.641°
Omman 1 10 9.337°¢ -4.371°¢
1 10 8.3922 -4.044*
Urals 1 4 8.143P -3.667%
1 4 7.695% -4.086%
West Texas 1 3 10.009°¢ -4.767°¢
Intermediate 1 3 9.997" 4.501"

Notes: a, b, c represent the statistical significance levels of 10%, 5% and 1% respectively. The Akaike information
criterion (AIC) is utilised to determine the optimal lag length. The initial row of the variable is constant model; the
subsequent row demonstrates the constant and trend model. The critical values are listed in the table in the study
by Enders and Lee (2012).

According to the F-test statistics results in Table 2, it has been determined that the trigonometric
terms of all variables are statistically significant in terms of structural change. In addition, the
FADF test statistic suggests that the results are stationary at the level of the variables. In this
instance, it can be posited that the shocks applied to the variables are of a temporary nature.

The calculation of the frequency count as an integer in the FADF unit root test indicates that
the effect of structural change is not permanent (Christopoulos and Ledn-Ledesma, 2011).
Omay (2015) expands the range of the k value to between 0.1 and 2, while Bozuklu et al. (2020)
expands it to allow fractional values between 0 and 5. Thus, situations where the effect of
structural change is permanent can be examined using the fractional FADF unit root test. Table
3 presents the results of the FFADF unit root test.

Table 3. Results of the FFADF Unit Root Test

Variables k 1 F-Test Statistics FADF Test Statistics ADF Test Statistics
Brent 1.2 4 8.625 -1.848

1 4 7.939 -2.244
Duri 1.1 11 10.437° -4.671°¢ -

0.9 11 10.799° -4.586°¢ -
Omman 1.2 10 9.967% -4.506° -

0.9 10 9.402* -4.283¢ -
Urals 1.2 4 8.347 -1.599

1 4 7.695 -2.329
West Texas 1.2 3 10.577° -4.893¢ -
Intermediate 1 3 9.997° -4.501° .

Notes: a, b, ¢ represent the statistical significance levels of 10%, 5% and 1% respectively. The AIC is utilized to
determine the optimal lag length. The initial row of the variable is constant model; the subsequent row
demonstrates the constant and trend model. The critical values are listed in the table in the study by Omay (2015)
and Bozuklu et al. (2020).
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The results presented in Table 3 lend support to the hypothesis that the structural changes
observed in Duri, Omman, and West Texas Intermediate are statistically significant. Moreover,
the results of the unit root test conducted by the FFADF indicate that the variables in question
do not contain a unit root, and the impact of shocks is temporary. Conversely, given that the
structural change is not significant for Brent and Urals, the conventional ADF unit root test is
employed. The findings suggest that the variables contain a unit root. Thus, it can be said that
the effects of shocks on the Brent and Urals variables are permanent. When comparing the
FADF and FFADF unit root tests, it is determined that the Duri, Omman, and West Texas
Intermediate variables are not differ. In this case, it can be said that the structural change in the
relevant variables is temporary.

Fan and Gencay (2010) propose a unit root test that is based on the wavelet approach, which
takes into account the frequency density of variables. In contrast, Eroglu and Soybilgen (2018),
building upon the contributions of Fan and Gencay (2010), employs the wavelet approach
alongside the ADF unit root test. The wavelet transform is calculated using equations 3 and 4,
taking into account the wavelet and wavelet coefficients. Furthermore, equation 5 demonstrates
the equation for the Wavelet ADF unit root test, as introduced to the literature by Eroglu and
Soybilgen (2018). Finally, equation 6 presents the test statistic for the unit root test. Aydin and
Pata (2020) introduce the Fourier wavelet ADF unit root test to the extant literature by adding
Fourier terms to the wavelet.

L—1
Wit = Z h1X2¢41-tmoan 3)
=0
L—1
Vit = 91X2t+1-lmodN (4)
=0
p
AV, = Z pjAVy_; + Vi1 + & 5)
j=0
ADF} = J (6)
“ = 5d(d)

2kt

P
AVl,t = Z ijVLt—j + 6V1’t_1 + IBSlTl + St (7)
j=0
In these equations, t = 0,1,...,N/2 —1andl =1, ...,L — 1 are considered; V; ¢, Wy ¢, v1 ¢, h; and
g, denote the wavelet, scaling coefficient, scale and wave filters, respectively. The results
obtained from the FWADF unit root test are presented in Table 4.

Table 4. Results of the FWADF Unit Root Test

Variables k 1 FWADF Test Statistics t-Test Statistics
Brent 1 11 -4.201°¢ -3.941°¢

1 11 -4.169°¢ -3.956°¢
Duri 1 5 -4.063°¢ -3.897¢

1 9 -3.842° -3.625°¢
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Omman 1 12 -4.111°¢ -3.868 ¢
1 11 -4.016°¢ -3.801°¢
Urals 1 11 -4.275¢ -3.998°¢
1 11 -4.199°¢ -3.985°¢
West Texas 1 11 -3.341° -3.097¢
Intermediate I 1 3.378" 3.159¢

Notes: a, b, c represent the statistical significance levels of 10%, 5% and 1% respectively. The Akaike information
criterion (AIC) is utilized to determine the optimal lag length. The initial row of the variable is constant model;
the subsequent row demonstrates the constant and trend model. The critical values are listed in the table in the
study by Aydin and Pata (2020).

As demonstrated in Table 4, the results obtained are consistent with those presented in Table 2.
The FWADF unit root test indicates that no variables contain a unit root, and the effects of the
shocks are temporary.

CONCLUSION

The primary objective of this study is to examine the stability characteristics of representative
crude oil types selected from different regions from a comparative perspective. The findings of
the FADF test suggest a substantial rejection of the unit root hypothesis in the Brent, Duri,
Omman, Urals, and West Texas Intermediate series under constant and constant-trend models.
The strong significance obtained at the 1% level, particularly for West Texas Intermediate and
Omman, indicates that the prices of these markets tend to revert to the mean in the long term.

FFADF tests do not demonstrate statistical significance in the Brent and Urals series. This
finding suggests the presence of persistent shocks and long memory properties in these series.
In contrast, the unit root is rejected at the 1% and 5% levels in the Duri, Omman, and West
Texas Intermeiate series. This finding indicates that these markets exhibit a tendency towards
stationarity despite being fractional processes. Overall results reveal that memory effects in oil
markets exhibit regional heterogeneity.

The results of the FWADF test indicate that stationarity is achieved in all series (at the 1% or
5% level). It is important to note that, in consideration of the multi-scale wavelet
decomposition, stationarity is identified in the Brent and Urals series, despite the presence of
uncertainty in the Fourier ADF and FFADF results.

The general findings indicate that the North American (West Texas Intermediate) and Middle
Eastern (Omman) markets show a tendency to return to strong averages, while long-term
persistent shocks are affecting the European (Brent) and Mediterranean (Urals) markets. In
contrast, the Asian (Duri) market has exhibited consistent stability across all three tests.
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PETKIM HIiSSE SENEDIi FiYATLARI iLE USD/TL DOViZ KURU
DINAMIKLERINDE YAPISAL KIRILMALAR VE FOURIER KOINTEGRASYONU

Nazrin Burjaliveva®

(0Y4

Bu makale, 1 Mayis 2023 — 29 Mart 2024 donemine ait 240 giinliik gézleme dayanarak Petkim hisse senedi
fiyatlar1 ile USD/TL doviz kuru arasindaki dinamik iliskiyi incelemektedir. Bai—Perron ¢oklu yapisal kirilma
testleri, her iki seride de 6nemli rejim degisiklikleri tespit etmis ve iliskinin zamanla degisen bir yapiya sahip
oldugunu ortaya koymustur. Birinci rejim donemi (1 Mayis — 22 Haziran 2023) esas alinarak yapilan Genisletilmis
Dickey—Fuller (ADF) testleri, serilerin diizeyde duragan olmadigini ancak birinci farklarinda duragan hale
geldigini gostermistir. Frekans alaninda Granger nedensellik analizi, diisiik ve orta frekans bantlarinda doviz
kurundan Petkim fiyatlarina dogru giiglii tek yonlii nedensellik bulundugunu, ters etkinin ise zayif kaldigini ortaya
koymustur. Ayn1 rejim kapsaminda, Johansen kointegrasyon ¢ergevesine Fourier fonksiyonlarinin dahil edilmesi,
kisa donemli oynakliga ragmen en az bir uzun déonemli denge iligkisinin varligina dair gii¢lii kanitlar sunmaktadir.
Fourier Vektor Hata Diizeltme Modeli (VECM) tahminleri ise, dengeden sapmalarin hisse senedi fiyatlarinda doviz
kuruna kiyasla daha hizli diizeldigini, dolayisiyla asimetrik bir uyum dinamigi bulundugunu gostermektedir.
Petkim’in doviz cinsinden girdilere ve ihracat gelirlerine bagimlilig1 gz oniine alindiginda, hisse degerlemesinin
dogal olarak doviz kuru hareketleriyle yakindan iligkili oldugu sonucuna varilmistir. Genel olarak, bulgular firma
diizeyinde fiyatlamada doviz dalgalanmalarinin belirleyici roliinil vurgulamakta ve rejime bagli finansal iliskilerin
yakalanmasinda Fourier fonksiyonlarinin metodolojik 6nemini gostermektedir.

Anahtar Kelimeler: Yapisal kirilmalar; frekans alan1 Granger nedenselligi; Fourier Johansen kointegrasyon testi;
Fourier vektor hata diizeltme modeli (VECM)

STRUCTURAL BREAKS AND FOURIER COINTEGRATION IN THE DYNAMICS OF PETKIM
STOCK PRICES AND THE USD/TL EXCHANGE RATE

ABSTRACT

This article investigates the dynamic interaction between Petkim stock prices and the USD/TL exchange rate from
1 May 2023 to 29 March 2024, using 240 daily observations. Bai—Perron multiple structural break tests identify
significant regime shifts in both series, underscoring that the relationship is time-varying rather than stable.
Focusing on the first identified regime (1 May — 22 June 2023), Augmented Dickey—Fuller tests confirm non-
stationarity at levels and stationarity at first differences. Frequency-domain Granger causality analysis reveals
strong unidirectional causality from the exchange rate to Petkim prices across low- and medium-frequency bands,
while the reverse effect remains weak. Within the same regime, incorporating Fourier functions into the Johansen
framework provides robust evidence of at least one cointegrating vector, indicating a long-run equilibrium
relationship despite short-run volatility. Estimation of a Fourier Vector Error Correction Model shows that
deviations from equilibrium are corrected more rapidly in stock prices than in the exchange rate, highlighting
asymmetric adjustment dynamics. Given Petkim’s dependence on foreign currency inputs and export revenues, its
stock valuation is naturally tied to exchange rate movements. Overall, the findings emphasize the decisive role of
currency fluctuations in firm-level pricing and demonstrate the methodological importance of Fourier functions
for capturing regime-dependent financial relationships.

Keywords: Structural breaks; frequency-domain Granger causality; Fourier Johansen cointegration test; Fourier
vector error correction model (VECM)
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INTRODUCTION

Exchange rate volatility is a defining determinant of stock market performance in emerging
economies, where policy uncertainty and external shocks are frequent. Currency fluctuations
alter the cost of imported inputs, reshape export revenues, and ultimately influence firm
profitability and valuation. In Tiirkiye, these dynamics are particularly pronounced. Petkim—
the country’s largest petrochemical producer—faces heightened exposure due to its dependence
on imported raw materials and its export-oriented production model. As a result, movements in
the USD/TL exchange rate play a decisive role in shaping Petkim’s stock-price behavior.
Despite the abundance of research on the exchange rate—equity nexus, empirical evidence
remains mixed. In certain periods, currency depreciation raises input costs and compresses
margins, exerting downward pressure on stock prices. In others, exchange rate movements
coincide with export gains and improved profitability. Such inconsistencies indicate that the
relationship is not stable but varies across regimes, time horizons, and macro-financial
conditions. Standard linear approaches, which assume structural stability, are therefore
insufficient to fully capture these dynamics.

Recent methodological developments provide more suitable tools for analyzing such
complexities. Structural break tests identify sudden shifts in relationships, while Fourier-based
cointegration techniques capture smooth cyclical adjustments that conventional methods
overlook. In addition, frequency-domain causality offers insights into how exchange rate effects
operate across short-, medium-, and long-term horizons.

Building on these advances, this study investigates the dynamic relationship between Petkim
stock prices and the USD/TL exchange rate during the period May 2023—March 2024. By
combining Bai—Perron structural break analysis, Fourier-based cointegration methods, and
frequency-domain Granger causality tests, the study provides new evidence on the regime-
dependent and nonlinear nature of this linkage. The primary objective is to assess whether a
stable long-run equilibrium exists and to evaluate the speed and direction of short-run
adjustments across different regimes. In doing so, the study contributes to the broader literature
on financial integration in emerging markets and offers practical implications for policymakers,
investors, and corporate risk managers operating under volatile currency conditions.

LITERATURE REVIEW

The interaction between banks’ interest and noninterest income has long attracted scholarly
attention due to its implications for profitability, portfolio diversification, and financial
resilience. Earlier literature mainly focused on short-term linkages through correlation and
regression analyses. Debnath et al. (2024) examined income diversification among Indian
banks, emphasizing its role in mitigating risk but acknowledging the lack of a cointegration
perspective. Similarly, Abu Khalaf et al. (2024), analyzing MENA-region banks, identified
short-run correlations without considering long-run elasticities or equilibrium mechanisms. As
a result, persistent structural dynamics and cyclical adjustments between income components
remained largely unexplored.

To overcome these shortcomings, later studies adopted nonlinear and smooth-transition
econometric frameworks utilizing Fourier approximations. Akca (2025) applied Fourier—Shin
cointegration (Tsong et al., 2016) and Fourier—KPSS (Becker et al., 2006) tests to investigate
structural nonlinearities between foreign direct investment and energy consumption in Tiirkiye,
whereas Alpagut (2024) used Fourier—ADL and Fourier—Toda—Yamamoto causality models to
analyze inflation, money supply, and dollarization. Although these studies identified long-run
linkages, they did not integrate vector error-correction structures. Akbulaev et al. (2023)
examined Brent oil prices and Moscow stock indices through Granger (1969) and Breitung—
Candelon (2006) frequency-domain causality, revealing bidirectional short-run causality while
overlooking long-term co-movements. Collectively, these studies demonstrated the
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effectiveness of Fourier methods in modeling smooth structural transitions but showed that
explicit multivariate cointegration systems were still absent.

The scope of Fourier-based techniques has since expanded into financial and exchange-rate
analyses. Burjaliyeva (2024) explored the USD/TRY exchange rate and Petkim stock prices
using Fourier—KPSS and Fourier—Shin cointegration tests, establishing a long-term relationship
though not extending the framework to a Fourier-based VECM. In a subsequent paper,
Burjaliyeva (2025) combined Fourier—KPSS, Fourier—ADL, and Breitung—Candelon causality
tests for Azer Turk Bank, revealing that interest income predominantly drives noninterest
income in the short and medium term. Orudzhev and Mammadova (2024) confirmed
cointegration between AZN/RUB and USD/RUB exchange rates using ECM and ARDL models
but excluded harmonic terms. Likewise, Agca et al. (2024) and Suliyanto et al. (2024)
highlighted that Fourier—VAR and Fourier—-VECM frameworks yield superior performance
compared to linear models when cyclical or sinusoidal dynamics are present, underscoring the
significance of trigonometric error-correction formulations.

A major methodological breakthrough was presented by Orudzhev and Burjaliyeva (2025), who
synthesized Johansen cointegration, Fourier—KPSS, Fourier—ADL, Fourier—Toda—Yamamoto,
and Breitung—Candelon causality tests into an integrated econometric framework. Employing
quarterly data for Azer Turk Bank covering 2016Q1-2024Q3, they developed the first explicit
Fourier-based Vector Error Correction Model (VECM) that incorporates sine and cosine terms
to capture cyclical deviations around nonlinear trends. The empirical results verified the
existence of a stable long-term equilibrium between interest and noninterest income.

The model was evaluated under multiple frequency settings to enhance robustness and spectral
accuracy. Consequently, this study established a new methodological standard in the analysis
of bank income structures by merging classical and Fourier-based econometric approaches.
Their framework not only unified equilibrium and cyclical behavior within a single system but
also produced replicable analytical expressions that improve forecasting reliability and policy
interpretation. Future research can build upon this foundation by applying the Fourier—VECM
methodology to wider financial systems and cross-country banking contexts.

RESULTS AND DISCUSSIONS

The empirical analysis is based on 240 daily observations of PETKIM stock prices and the
USD/TL exchange rate covering the period from 1 May 2023 to 29 March 2024. Daily closing
prices of PETKIM stocks were obtained from investing.com and cross-checked against
widely used financial databases. PETKIM stock prices are expressed in Turkish lira, while the
exchange rate is represented as Turkish lira per U.S. dollar.
The selected period coincides with notable episodes of currency depreciation and fluctuations
in domestic financial markets, making it a suitable timeframe for examining the interaction
between stock prices and exchange rate dynamics. As PETKIM is highly exposed to
international trade—importing raw materials in foreign currency and exporting finished
products—it is particularly sensitive to daily exchange rate movements.
To detect potential shifts in the relationship between PETKIM stock prices and the USD/TL
exchange rate, the Bai—Perron multiple structural break test was applied. Table 1 presents the
estimated break dates along with their corresponding F-statistics and critical values.
Table 1. Bai—Perron Breakpoints for USD/TL

Multiple breakpoint tests

Bai-Perron tests of L+1 vs. L sequentially determined breaks

Date: 07/04/25 Time: 16:01

Sample: 5/01/2023 3/29/2024

Included observations: 240
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Breaking variables: C
Break test options: Trimming 0.15, Max. breaks 5, Sig. level 0.05

Break dates F-statistic Critical Values
6/23/2023 558.0512 8.58
12/26/2023 384.2123 10.13
10/09/2023 119.4031 11.14

The results indicate that there are three statistically significant structural breaks in the USD/TL
exchange rate during the sample period:
e 23 June 2023 (F = 558.05 > 8.58),

e 9 October 2023 (F =119.40> 11.14),
e 26 December 2023 (F =384.21 > 10.13).

The fact that the F-statistics substantially exceed the corresponding critical values confirms the
presence of multiple structural changes. These breakpoints coincide with periods of heightened
volatility in Turkish financial markets, reflecting shifts in monetary policy expectations,
external shocks, and seasonal pressures in foreign currency demand.
Identifying these breakpoints is of critical importance for subsequent econometric modeling, as
they demonstrate that the relationship between Petkim stock prices and the USD/TL exchange
rate is not stable over the entire sample. Incorporating structural changes into the models—
through Fourier functions or segmented specifications—allows for a more precise evaluation
of both long-run and short-run dynamics.
In addition to the exchange rate, the Bai—Perron multiple structural break test was also applied
to the Petkim time series in order to investigate potential regime shifts during the sample period.
The results are shown in Table 2.
Table 2. Bai—Perron Breakpoints for Petkim Stock Price

Multiple breakpoint tests ‘

Bai-Perron tests of L+1 vs. L sequentially determined breaks

Date: 07/04/25 Time: 16:07

Sample: 5/01/2023 3/29/2024

Included observations: 240

Breaking variables: C

Break test options: Trimming 0.15, Max. breaks 5, Sig. level 0.05

Break dates F-statistic Critical Values
7/31/2023 555.1268 8.58
1/30/2024 146.0234 10.13
12/11/2023 18.20326 11.14
10/02/2023 53.86388 11.83

The test identifies four structural breaks in Petkim stock prices between May 2023 and March
2024:
e 31 July 2023 (F = 555.13 > 8.58),

e 2 October 2023 (F = 53.86 > 11.83),
e 11 December 2023 (F = 18.20 > 11.14),
e 30 January 2024 (F = 146.02 > 10.13).
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The most pronounced change occurred at the end of July 2023, coinciding with a sharp
correction period in Turkish financial markets following exchange rate fluctuations. The breaks
observed in October 2023 and January 2024 also align with phases of volatility in the USD/TL
exchange rate, highlighting the strong dependence of Petkim’s stock price dynamics on
exchange rate movements.
Interestingly, both series exhibit multiple breaks, though their timing only partially overlaps
and is not identical. This suggests that Petkim stocks respond asymmetrically to exchange rate
shocks, adjusting either with a lag or at varying intensities. The simultaneous break recorded in
December 2023 in both series most likely reflects a common structural disturbance associated
with seasonal liquidity shifts and monetary policy announcements.
The identification of these breaks reinforces the importance of employing econometric
approaches that account for nonlinear adjustments and structural changes. Such approaches
include Fourier cointegration techniques or models that capture regime-dependent dynamics.
The Bai—Perron multiple structural break test results for the USD/TL exchange rate (Table 1)
and Petkim stock prices (Table 2) demonstrate that both series experienced statistically
significant changes during the sample period. To better capture their joint dynamics, the
identified breakpoints were aligned, and the common break intervals are summarized in Table
3.
Table 3. Common Break Intervals for USD/TL and Petkim

Period | Approximate Date Range

Ist 01.05.2023 —23.06.2023

2nd 31.07.2023 - 02.10.2023

3rd 10.10.2023 - 06.12.2023

4th 10.01.2024 —29.03.2024

Figure 1 illustrates the joint dynamics of Petkim stock prices and the USD/TL exchange rate.
This sub-period covers the dates from 1 May 2023 to 21 June 2023 and consists of 39 daily
observations.

At the beginning of May, the USD/TL exchange rate remained relatively stable, but in early
June 2023 it entered a phase of sharp appreciation. This distinct regime shift corresponds to the
first structural break identified by the Bai—Perron test (23 June 2023). In contrast, Petkim stock
prices fluctuated within a narrow range throughout May, displaying only a gradual upward trend
from mid-June onward.

From an econometric perspective, two key points are noteworthy. First, the exchange rate
exhibits a stepwise adjustment process: stable periods are interrupted by sudden jumps,
underscoring the importance of accounting for structural breaks in modeling. Second, the price
response of Petkim stocks is both delayed and asymmetric: adjustment to exchange rate
depreciation occurs only after a certain point in time, indicating the presence of nonlinear
transmission mechanisms.

Consequently, these initial dynamics reinforce the necessity of conducting formal tests for unit
roots, cointegration, and structural changes. For this purpose, methodologies capable of
capturing regime-dependent behaviors—particularly = Fourier-based approaches—are
considered more effective.

Table 4 presents the descriptive statistics.

Table 4. Descriptive Statistics for Petkim Stock Prices and USD/TL Exchange Rate

PETKIM PRICE USD TL PRICE
Mean 13.45744 20.99752
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Median 13.06000 19.97440
Maximum 15.41000 23.66010
Minimum 11.83000 19.44950
Std. Dev. 1.059324 1.721436
Skewness 0.377939 0.706176
Kurtosis 1.735475 1.716424
Jarque-Bera 3.526858 5918751
Probability 0.171456 0.051851
Sum 524.8400 818.9034
Sum Sq. Dev. 42.64234 112.6071
Observations 39 39

Table 4 reports the descriptive statistics for Petkim stock prices and the USD/TL exchange rate
over 39 daily observations. The average price of Petkim shares during the sample period was
13.46, while the mean exchange rate stood at 20.99. Both series show moderate variability, with
standard deviations of 1.06 and 1.72, respectively.

The distributional characteristics indicate mild asymmetric USD/TL. Petkim prices exhibit a
positive skewness (0.38), implying that higher-than-average values occur more frequently than
lower ones. The exchange rate also shows right-skewed behavior (0.71), suggesting upward
pressure during the period. However, both series display kurtosis values below the normal
benchmark of 3 (1.73 for Petkim, 1.72 for USD/TL), pointing to relatively flat distributions
with lighter tails.

Normality tests provide additional insight. The Jarque—Bera statistic does not reject normality
for Petkim stock prices (p = 0.171), while for the USD/TL exchange rate, the test is borderline
significant (p = 0.052), indicating potential deviations from normality that may be associated
with exchange rate shocks or market adjustments.

Overall, these statistics highlight that while both series follow relatively stable dynamics, the
exchange rate exhibits stronger non-normal features and volatility compared to Petkim prices.
Such distributional characteristics justify the application of econometric techniques that
account for nonlinearity and potential structural shifts in subsequent analysis.

The time series properties of the variables were further examined using the Augmented Dickey—
Fuller (ADF) unit root test. The results for Petkim stock prices and the USD/TL exchange rate
(39 observations) are reported in Table 5.

Table 5. Augmented Dickey—Fuller (ADF) Unit Root Tests

t-statistic Critical values 1% Critical values 5%  Critical values 10%
Petkim_price -1.921065 -3.457630 -2.873440 -2.573187
intercept
Petkim_price trend -1.870598 -3.996918 -3.428739 -3.137804
and intercept
USD/TL -0.410750 -3.621023 -2.943427 -2.610263
intercept
USD/TL -2.055043 -4.226815 -3.536601 -3.200320
Trend and intercept
APetkim_price -16.20925 -3.457747 -2.873492 -2.573215

intercept
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A Petkim_price -16.27534 -3.997083

trend and intercept

A (USD/TL) -3.507697 -3.621023
intercept
A (USD/TL) -3.491682 -4.226815

Trend and intercept

-3.428819

-2.943427

-3.536601

-3.137851

-2.610263

-3.200320

According to the ADF test, at levels neither Petkim stock prices nor the USD/TL exchange rate
reject the null hypothesis of a unit root across all model specifications, confirming that both
series are non-stationary in levels. When first differences are considered, Petkim stock prices
become stationary, while the USD/TL series is found to be stationary at the 5% and 10%
significance levels under the intercept specification, and at the 10% level under the trend and

intercept specification.

To complement the time-domain analysis, the spectral Granger causality test was applied to
evaluate whether the causal relationships between Petkim stock prices and the USD/TL
exchange rate vary across different frequencies. This approach allows for distinguishing
between short-run and long-run dynamics and identifying causality relations over different time

horizons.

Table 6. Frequency-Domain Granger Causality Results

Angular USD_TL_PRICE = PETKIM_PRICE PETKIM_PRICE = USD_TL_PRICE

frequency
0.161107 0.031185 0.042808
0.322215 0.003911 0.058647
0.483322 0.023800 0.111903
0.644429 0.004981 0.115968
0.805537 0.000835 0.267084
0.966644 0.001291 0.184271
1.127751 0.012113 0.134747
1.288859 0.004511 0.109406
1.449966 0.004065 0.133238
1.611073 0.003310 0.858708
1.772180 0.001676 0.426752
1.933288 0.001332 0.264491
2.094395 0.013251 0.454834
2.255502 0.150131 0.396299
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2.416610 0.023016 0.381252
2.577717 0.008263 0.398227
2.738824 0.006346 0.492977
2.899932 0.065190 0.991635

The results show strong evidence of Granger causality running from the USD/TL exchange rate
to Petkim stock prices across most frequencies. In particular, within the low- and medium-
frequency ranges (0.16—1.45 radians), the p-values are consistently below 0.05. This implies
that exchange rate fluctuations exert a statistically significant influence on Petkim stock prices,
especially over short- and medium-term horizons.

Conversely, the evidence of causality from Petkim stock prices to the USD/TL exchange rate is
much weaker. Marginal significance is observed only at the lowest frequency (0.161 rad, p =
0.0428), while at most other frequencies the null hypothesis of no causality cannot be rejected.
This finding suggests that stock price movements do not systematically drive exchange rate
fluctuations, which is consistent with the predominance of macro-financial factors in
determining the exchange rate in Turkey.

Taken together, the results reveal an asymmetric causal relationship: exchange rate dynamics
significantly affect firm-level stock valuations, whereas the reverse effect is markedly weaker.
To investigate the existence of a long-run equilibrium relationship between Petkim stock prices
and the USD/TL exchange rate, the Johansen cointegration test was employed. Table 7 presents
the Johansen cointegration test results for the relationship between Petkim stock prices and the
USD/TL exchange rate, incorporating Fourier terms (SIN and COS) as exogenous regressors.
The inclusion of trigonometric functions allows the model to capture smooth structural shifts
and cyclical dynamics that are otherwise overlooked in the standard linear framework.

Table 7. Johansen cointegration test result

Date: 07/08/25 Time: 11:35

Sample: 5/01/2023 6/22/2023

Included observations: 36

Series: PETKIM_PRICE USD_TL_PRICE

Exogenous series: SIN(0.1611t) COS(0.3222t)

Warning: Rank Test critical values derived assuming no exogenous series
Lags interval: 1 to 1

Selected (0.05 level*) Number of Cointegrating Relations by Model

Data Trend: None None Linear Linear Quadratic
Test Type No Intercept Intercept Intercept Intercept Intercept
No Trend No Trend No Trend Trend Trend
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Trace 0 1 2 1 2
Max-Eig 0 1 2 1 2
*Critical values based on MacKinnon-Haug-Michelis (1999)

Information Criteria by Rank and Model

Data Trend: None None Linear Linear Quadratic
Rank or No Intercept Intercept Intercept Intercept Intercept
No. of CEs No Trend No Trend No Trend Trend Trend

Log Likelihood by Rank (rows) and Model (columns)

0 -9.813217 -9.813217 -7.928632 -7.928632 -7.549521
1 -5.326614 1.141395 2.940819 6.990445 7.322093
2 -5.309934 5.580888 5.580888 10.16886 10.16886

Akaike Information Criteria by Rank (rows) and Model (columns)

0 0.746660 0.746660 0.752899 0.752899 0.840515
1 0.720358 0.424789 0.381577 0.216733* 0.252860
2 0.935672 0.455087 0.455087 0.315197 0.315197

Schwarz Criteria by Rank (rows) and Model (columns)

0 0.920814 0.920814 1.014129 1.014129 1.188821
1 1.068664 0.816634 0.816961 0.695654* 0.775320
2 1.458132 1.064624 1.064624 1.011810 1.011810

Across alternative trend specifications—none, linear, and quadratic—the trace and maximum
eigenvalue statistics indicate at least one cointegrating vector at the 5% significance level. This
suggests the presence of a long-run equilibrium relationship between Petkim stock prices and
the USD/TL exchange rate despite short-run fluctuations. Notably, models with linear and
quadratic deterministic trends perform better in terms of information criteria (AIC and SC),
supporting the robustness of the cointegration finding.

The cointegrating equation confirms that Petkim stock prices are positively associated with the
exchange rate in the long run, with the estimated coefficient of approximately 0.51 on USD/TL
being highly significant (t = 4.82). The negative and significant trend term (—0.072) indicates a
gradual downward adjustment in the equilibrium path, reflecting possible structural forces in
the Turkish financial market over the sample period.
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APETKIM_PRICE, = —0.705(PETKIM_PRICE,_, + 0.507USD/TL,_, —
0.072@TREND(5/01/23) — 22.658) — 0.319 APETKIM_PRICE,_, + 0.417 AUSD/
TL,_, — 0.9256 sin(0.1611t) — 0.353cos (0.3222t) — 0.041 (1)

AUSD/TL, = — 0.183(PETKIM_PRICE,_, + 0.507USD/TL,_, — 0.072@TREND(5/01/
23) — 22.658) + 0.093 APETKIM_PRICE,_, — 0.103 AUSD/TL,_, —
0.404 sin(0.1611¢) — 0.218cos (0.3222t) )

The estimated Vector Error Correction Model (VECM) provides evidence of a stable long-run
relationship between Petkim stock prices and the USD/TL exchange rate. In the first equation
(1), the error correction coefficient for Petkim stock prices is —0.705 (t =—5.82), which is highly
significant. This indicates that nearly 70% of any deviation from the long-run equilibrium is
corrected within one trading day, corresponding to an adjustment period of roughly 1.4 days.
Such a rapid speed of adjustment highlights that Petkim stock prices are strongly mean-
reverting toward equilibrium when shocks occur.

In contrast, the adjustment coefficient in the second equation (2) for USD/TL is —0.183 (t = —
1.77), which is weaker and only marginally significant. This implies that the exchange rate
corrects about 18% of disequilibrium per period, requiring approximately 5.5 days for
adjustment. Thus, while both variables respond to deviations from equilibrium, the burden of
correction falls more heavily on Petkim stock prices, whereas the exchange rate exhibits slower
and less pronounced adjustment.

These findings confirm the asymmetric adjustment mechanism: stock prices rapidly realign
with exchange rate movements, while the exchange rate itself shows limited feedback from
stock market fluctuations. The significant Fourier terms (sin and cos components) further
capture cyclical behavior and smooth structural shifts, reinforcing the robustness of the model
in reflecting regime-dependent dynamics.

Residual diagnostics support the adequacy of the model. The LM tests confirm no serial
correlation up to lag 4, and heteroskedasticity tests do not reject the null of constant variance.
While normality is rejected due to skewness and excess kurtosis in the second component, such
deviations are common in financial data and do not undermine the main inference.

CONCLUSION

This study examined the dynamic interaction between Petkim stock prices and the USD/TL
exchange rate over the period 1 May 2023 to 29 March 2024 by employing structural break
analysis, Fourier-based cointegration, and frequency-domain causality methods. The Bai—
Perron tests revealed multiple significant breakpoints in both series, confirming that the
relationship is regime-dependent rather than stable across the full sample.

Unit root tests established that both variables are non-stationary in levels but stationary in first
differences, while frequency-domain Granger causality tests highlighted a strong and persistent
influence of exchange rate fluctuations on Petkim stock prices, with only weak feedback in the
opposite direction. Incorporating Fourier terms into the Johansen framework provided robust
evidence of at least one cointegrating vector, indicating the presence of a long-run equilibrium
despite short-run volatility.

The Vector Error Correction Model further demonstrated an asymmetric adjustment
mechanism. Petkim stock prices corrected nearly 70% of deviations from equilibrium within
one day, whereas the USD/TL adjusted more slowly and less significantly. This asymmeTL
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reflects the structural dependence of Petkim on foreign currency inputs and revenues, which
makes its valuation highly sensitive to exchange rate changes.

Overall, the findings underscore the decisive role of exchange rate dynamics in shaping firm-
level stock prices in Tiirkiye and demonstrate the methodological value of Fourier-based
approaches in capturing nonlinear, regime-dependent financial relationships. The results
provide important implications for investors, policymakers, and corporate managers seeking to
understand and manage the risks associated with currency volatility in emerging markets.
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