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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 Kütahya Dumlupınar 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. Göz Yaklaşımı ve Esmer 5'li ile istatistiksel Veri Analizi ve 6 Sigma 

Erkan IŞIĞIÇOK (Corresponding Author)1 

(Açılış Sunumu) 

Acımasız rekabet koşullarının yaşandığı iş dünyasında karar vermek için farklı bir bakış açısına 
ihtiyaç vardır. Bu bakış açısı, firmaların rakiplerine karşı avantaj sağlamalıdır. Bu amaçla, 
firmaların alacakları kararları çağımızın petrolü olarak adlandırılan verilere dayandırmaları gerekir. 
Güvenilir verilere dayandırılarak alınacak kararların da güvenilir olacağı ve karar vericilerin 
etkinliğini artıracağı açıktır.  Diğer taraftan, verilerin analiz edilmesinde uygun istatistiksel 
tekniklerin kullanılması da son derece önemlidir. Diğer bir deyişle, her verinin yapısına ve 
araştırmanın amacına uygun istatistiksel tekniğin seçilmesi çok önemlidir.  Bir diğer önemli konu 
da istatistiksel paket programı veya yazılımının seçimidir. Her yazılım araştırmasının istediği 
analizleri yapmamakta, hatta aynı analizler için farklı programların kullandıkları formüller ve/veya 
algoritmalar nedeniyle, elde edilen sonuçlar da farklı çıkabilmektedir. Söz konusu yazılımların 
5'inin birleşimi olan ESMER 5'li kullanılabilir. Burada esmer kavramının bir anlamı olmayıp 
sadece hatırlanması kolay olacak şekilde programların dizilişini ifade etmektedir. O halde, ESMER 
5'li sırasıyla Excel, SPSS, Minitab, Eviews ve R programlarına karşı gelmektedir. Sempozyum 
açılış konuşmasında yapılacak olan bu sunum, genç akademisyenlere istatistiksel bakış açısını 
kazandırmanın ve üçüncü göz yaklaşımına ilişkin istatistiksel program uygulama örneklerinin 
yanısıra, uluslararası yayın üretme açısından genç akademisyenlere farklı bir bakış açısını da 
kazandırmayı amaçlamaktadır.  Bu amaçla, öncelikle söz konusu istatistiksel programların her 
birinden seçilecek bazı uygulamalar yapılarak üçüncü göz istatistik ve 6 sigma bağlantısı kurulacak 
ve bu programların teknik özellikleri ve üstünlükleri karşılaştırılacaktır. Daha sonra, uluslararası 
yayın üretmede üçüncü göz istatistik yaklaşımının nasıl kullanılacağı irdelenecektir. 

Anahtar Kelimeler: Üçüncü göz istatistik, altı sigma, Excel, SPSS, Minitab, Eviews, R. 

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

Onur BARCA (Corresponding Author)1, Mine Aydemir DEV2, Nuran Bayram ARLI3 

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 
Uludağ 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 Türkiye 

Fulden KOMURYAKAN (Corresponding Author)1 

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 Türkiye, 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, Türkiye 

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

Derya TOPDAĞ (Corresponding Author)1 

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 
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A Two-Stage Bin Packing Algorithm for Minimizing Machines and Operators in Cyclic 
Production Systems 

Baruch KEREN (Corresponding Author)1, Yossi HADAD2 

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 
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Allocation of Risk Mitigation Budgets in Projects: A Multi-Criteria Simulation-Based 
Optimization Approach 

Yossi HADAD (Corresponding Author)1, Baruch KEREN2 

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 

Çağın KARUL (Corresponding Author)1 

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 Değerlendirilmesinde Düzeltme Faktörlü F-Entropi Ağırlıklı 
2D-FAHP Yaklaşımı 

Mehmet Kenan TERZIOĞLU1, Aysu YAŞAR (Corresponding Author)2 

Karmaşık veri yapıları, belirsizlik ve çok boyutlu risk unsurlarını içeren karar problemlerinde, 
özellikle dijital bilgi güvenliği alanında, sistematik ve tutarlılığa duyarlı analiz yaklaşımlarının 
kullanılmasını önemli olmaktadır. Belirsizliğin yoğun olduğu ortamlarda, çok kriterli karar verme 
(ÇKKV) yöntemleri, hem nicel hem de nitel verilerin bütüncül biçimde değerlendirilmesine olanak 
tanımaktadır. Bu çalışmada, çok boyutlu ve belirsizlik içeren problemlerin analizinde karar 
vericilerin öznel yargılarından kaynaklanan ağırlıklandırma tutarsızlıklarını azaltmaya yönelik 
olarak Yaşar ve Terzioğlu (2025) yaklaşımı tanıtılmaktadır. İlgili yaklaşımda, bulanık entropi 
yöntemine alt kriter sayısına duyarlı bir düzeltme terimi entegre edilmekte; elde edilen ağırlıklar 
ise yaklaşım çerçevesinde kurgulanan iki boyutlu bulanık Analitik Hiyerarşi Prosesi (2D-FAHP) 
ile entegre edilerek karar sürecine dâhil edilmektedir. Alfa-kesme seviyelerine dayalı tutarlılık 
analizleri sonucunda belirlenen uygun alfa değeri ise alt kriterlerin iki boyutlu yapıya 
indirgenmesinde referans olarak kullanılmaktadır. Kurgulanan yaklaşım, hem yapısal hem de nicel 
güvenilirliği artırmakta; modelin belirsizlik ortamlarında daha esnek kararlar üretmesine katkı 
sunmaktadır. Bununla birlikte, söz konusu yaklaşımda Hurwicz kriteri ile OCTAVE Allegro 
metodolojisi ilişkilendirilerek, kriterlerin riskli ortam koşullarına göre oluşturulan göreli risk 
matrisi üzerinden sıralama düzeyiyle birlikte değerlendirmesi yapılmakta ve kararların daha tutarlı 
biçimde desteklenmesi sağlanmaktadır. Bu bütünleşik yapı, karar modellerine esneklik 
kazandırmakla birlikte, risk tabanlı analiz süreçlerinin tutarlılığına, uygulanabilirliğine ve karar 
verici açısından yorumlanabilirliğine de katkı sağlamaktadır. 
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Government Effectiveness in the Context of Taxation, Institutions, and Corruption: A 
Dynamic Panel Data Analysis on G20 Countries 

Zerı̇fe YILDIRIM (Corresponding Author)1, Emı̇ne YÖNEY2, Ebru BİLGİN3 

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 Dı̇rı̇k AYVAZ (Corresponding Author)1 

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 

Özgür ENGELOĞLU (Corresponding Author)1 

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)1, Yeliz Mert KANTAR2 

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 TEKDEMİR (Corresponding Author)1, Abdulkadir BULUT2 

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. 
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Causal Relationship Between Price Bubbles: An Application to Energy Spot Prices 

Verda Davasligı̇l ATMACA (Corresponding Author)1 

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 Kantarcı SAVAS (Corresponding Author)1 

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)1 

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 
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Forecasting The Green Bond Market: Evidence Of Machine Learning Models 

Özge Dı̇nç CAVLAK (Corresponding Author)1 

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? 

Sıdıka BAŞÇI (Corresponding Author)1, Kayla SHEVADENA2 

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

Ahmet KONCAK (Corresponding Author)1, Erdal BERK2 

In this study, the validity of Okun’s Law for Türkiye-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) 

Çetin GÖRÜR (Corresponding Author)1 

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 !! of 0.907 and an adjusted 
!! 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 AI-Based Index:  Anadolu University Economic Confidence Index 

Hasan MURAT  ERTUĞRUL(Corresponding Author)1, Burçhan SAKARYA2, Onur POLAT3 

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. 
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Factors Affecting Energy Consumption in Developing Countries: Quantile Regression 
Approach 

Nurdan DEĞİRMENCİ (Corresponding Author)1, Tuba Yakıcı AYAN2 

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 CO₂ 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 

Ayşegül YILDIZ (Corresponding Author)1 

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 Türkiye has begun to raise concerns 
regarding the sustainability of the population, its demographic structure, and the long-term social 
and economic stability of society. Türkiye, 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 
Türkiye 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 İklim Politikaları, Küresel Isınmanın Gücünü Azaltabilir mi? Alternatif Dayanıklı 
Olasılık Modeli Yaklaşımı: Robit 

Ebru Çağlayan AKAY1, Zeynep ŞENGÜL (Corresponding Author)2 

Bu çalışma, Birleşmiş Milletler’in 2015 yılında ilan etmiş olduğu hedeflerden 13. Hedef: İklim 
Eylemi ve Paris Anlaşması’nın imzalanması sebebiyle ülkelerin uyguladığı iklim politikalarının 
küresel ısınma üzerindeki etkisini olasılık regresyon modelleriyle incelemektedir. Çalışmada, Paris 
Anlaşması’nın sıcaklık artışını yavaşlatmak ve 2°C altında tutma hedefini dikkate alınmıştır. Bu 
doğrultuda bağımlı değişken, ortalama sıcaklık artışının 2°C ve üzerini aşması ve aşmaması olarak 
belirlenmiştir. Model logit, probit ve dayanıklı olasılık regresyon yöntemi robit ile tahmin 
edilmiştir. Cook’s D grafiğine tahmin edilen logit modelinde aykırı gözlem belirlenmiştir. Aynı 
zamanda, bu üç modele ait model seçim metrikleri incelendiğinde en iyi model performansını robit 
tahmin yöntemi sergilemektedir. Bu sebeple en uygun modelin robit olduğu belirlenmiştir. Robit 
regresyon sonucuna göre; doğal kaynak rantının sıcaklık artış olasılığını azalttığı, fakat iklim 
riskinin, karbon emisyon yoğunluğunun ve gelir grubunun sıcaklık artış olasılığını arttırdığı 
bulunmuştur. İklim riski varlığının, ülkelerin iklim politikaları uygulama başarısı ile 
değerlendirildiğinde sıcaklığı azaltma potansiyeli olduğu anlaşılmıştır. Aynı zamanda karbon 
emisyonları karbon vergisi uygulanması ile değerlendirildiğinde küresel ısınma olasılığını arttırdığı 
fakat bu artışın karbon emisyonundan daha az olduğu bulunmuştur. Bu sonuç, karbon vergisi 
alınmasının küresel ısınmanın gücünü karbon emisyonu salınıma kıyasla azaltabileceğini 
göstermektedir.  Bu bulgular, iklim politikalarının uzun vadede çevresel ve ekonomik faydalar 
sağlayabileceğini ve bu politikaların bir yük değil aksine, uzun süreli ve istikrarlı başarı 
sağlandığında küresel ısınma hızının yavaşlayabileceğini ve küresel iş birliğinin sağlanması 
gerektiğini ortaya koymaktadır. Sonuç olarak, sürdürülebilir ve kararlı iklim politikaları çevresel 
düzeyde önemli kazanımlar sağlayabileceği öngörülmektedir.  
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Türkiye ve AB Ülkelerinde Yenilenebilir Enerji Kullanımının Karbon Emisyonları 
Üzerindeki Etkisi 

Sümeyye Rafı̇a YILDIZ (Corresponding Author)1, Murat ATAN2 

Bu çalışma, Türkiye ve Avrupa Birliği (AB) ülkelerinde yenilenebilir enerji kullanımının karbon 
dioksit (CO₂) emisyonları üzerindeki etkisini panel veri analizi ile incelemektedir. Küresel ısınma 
ve iklim değişikliğiyle mücadelede yenilenebilir enerji kaynaklarının önemi giderek artmaktadır. 
2000–2023 dönemini kapsayan veri setinde, yenilenebilir enerji tüketim oranı, kişi başı enerji 
tüketimi ve kişi başı CO₂ emisyonları temel değişkenler olarak kullanılmıştır. Veriler Eurostat, 
OECD ve Dünya Bankası veri tabanlarından elde edilmiştir. Çalışmada öncelikle yatay kesit 
bağımlılığı ve durağanlık testleri uygulanmış, ardından uzun dönem ilişkilerin varlığını belirlemek 
için panel eşbütünleşme testleri yapılmıştır. Nedensellik yönünü incelemek amacıyla Dumitrescu-
Hurlin panel nedensellik testi kullanılmıştır. Bulgular, yenilenebilir enerji tüketimindeki artışın 
uzun vadede CO₂ emisyonlarını azaltıcı yönde etkili olduğunu ve Türkiye’nin AB ülkeleri ile 
benzer nedensellik dinamikleri sergilediğini göstermektedir. Bu sonuçlar, iklim değişikliği ile 
mücadelede yenilenebilir enerji yatırımlarının kritik rol oynadığını ortaya koymaktadır. AB 
ülkelerinde uygulanan enerji dönüşüm stratejileri, karbon yoğunluğunun azaltılmasında etkili 
olurken, Türkiye’de yenilenebilir enerji yatırımlarının son dönemlerde artış göstermesi benzer 
çevresel faydalar sağlamaktadır. Bulgular, sürdürülebilir kalkınma hedefleri doğrultusunda 
yenilenebilir enerji yatırımlarının artırılmasının ve enerji verimliliği politikalarının 
güçlendirilmesinin karbon emisyonlarının azaltılması açısından kritik öneme sahip olduğunu 
göstermektedir. Sonuç olarak, bu çalışma, enerji sektörü politikalarının yeniden yapılandırılması 
ve çevresel performansın iyileştirilmesi bağlamında yenilenebilir enerji kullanımının stratejik bir 
araç olduğunu vurgulamaktadır. 
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Eğitim ve İstihdam Arasında Kayıp Gençlik: Türkiye Üzerine Bir Değerlendirme 

Ebru Çağlayan AKAY1, Filiz Çakir ZEYTİNOĞLU2, Özlem ERGÜT (Corresponding Author)3, 
Zamira OSKONBAEVA4 

Ülkelerin ilerlemesinde önemli bir role sahip olan gençlerin eğitim ve istihdamı, topluma ve 
ekonomiye katkıları açısından son derece değerlidir. Ülke ekonomileri için kritik rol oynayan 
gençlerin istediği bir gelecek hayal etmesi, iyi eğitim alması ve toplumda güvenle yer alabilmesi 
ülkelerin geleceği için büyük önem taşımaktadır. Türkiye’de ve dünyada yıllar içerisinde yaygın 
olarak kullanılan bir kavram haline gelen, İngilizce, “Not in Education, Employment or Training” 
ifadesinin kısaltması olan NEET herhangi bir mazereti olmadan, eğitim veya öğretim hayatında ve 
işgücü piyasasında yer almayan gençler için kullanılan demografik bir grubu ifade etmektedir. 
NEET olmanın sadece birey için değil, aynı zamanda toplumlar ve ekonomi için çok ciddi 
maliyetleri olduğundan bu çalışmada öncelikli olarak NEET statüsünün belirleyicileri ortaya 
konularak NEET olmanın ülke ekonomileri üzerindeki iktisadi, siyasi ve sosyal etkileri de ele 
alınmış, Türkiye’deki NEET gençlerinin durumu OECD ve AB ülkeleri istatistikleri ile 
karşılaştırılmalı olarak incelenmiştir. Aynı zamanda NEET hakkında yapılan akademik 
çalışmaların eğilimi, gelişimi ve yeni araştırma dinamikleri hakkında fikir sahibi olabilmek adına 
bibliyometrik analiz gerçekleştirilerek belirli bir zaman periyodunda NEET konusu ile ilgili 
bilginin gelişiminin görselleştirilmesi ve yorumlanması fırsatı sunulmuştur. 
NEET sayısının artması ve bu sorunun devam etmesi uzun vadeli sonuçlar doğuracağından işgücü 
piyasasından ve eğitimden kopmuş genç nüfusun son derece heterojen yapısı göz önüne alınarak 
eğitim, iş hayatına geçiş ve sosyal katılım ile ilgili çeşitli politika ve çözüm önerileri geliştirmek 
önemlidir. Bunlardan birkaçı şöyle özetlenebilir: Eğitimi tamamlayamayanlara yardımcı olacak 
çeşitli eğitim ve öğretim programlarının sunulması, öğrencilerin öğrenme motivasyonunu artırmak 
için yeni öğretim yöntemlerinin getirilmesi, gençlere iş deneyimi sağlama, çıraklık eğitimleri ve 
çeşitli eğitimlere katılımlarına devam etmelerine destek sağlamaya yönelik politikalar 
geliştirilmeli, iş arama ve kariyer danışmanlığı hizmetlerinin sunulması yaygınlaştırılmalı, NEET 
grubunda olan gençlerin meslek kazanımı için, yabancı dil ve mesleki becerilere yönelik kurslar 
veya sertifika programları düzenlenmeli, ücretsiz ve gönüllü psikolojik destekler sağlanmalıdır. 
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Makroekonomik Göstergelerin İşsizlik Üzerindeki Etkisi: Türkiye Örneği 

Ayşegül AYYILDIZ (Corresponding Author)1, Sümeyye Rafı̇a YILDIZ2, Murat ATAN3 

İşsizlik, ekonomik istikrar ve sosyal refah açısından kritik öneme sahip bir makroekonomik 
göstergedir. Türkiye ekonomisinde işsizlik oranının dalgalanması, özellikle son yıllarda ekonomik 
büyüme, enflasyon, döviz kurları ve sanayi üretimi gibi temel göstergelerle yakından ilişkilidir. Bu 
çalışma, Türkiye’de makroekonomik göstergelerin işsizlik oranı üzerindeki etkisini ekonometrik 
yöntemler kullanarak incelemektedir. Analiz kapsamında 2005-2024 dönemine ait çeyreklik veriler 
kullanılmıştır. İşsizlik oranı bağımlı değişken olarak belirlenirken, gayrisafi yurt içi hasıla (GSYH), 
enflasyon oranı, döviz kuru, sanayi üretim endeksi ve faiz oranı bağımsız değişkenler olarak 
modele dahil edilmiştir. Veriler Türkiye İstatistik Kurumu (TÜİK) ve Türkiye Cumhuriyet Merkez 
Bankası Elektronik Veri Dağıtım Sistemi (EVDS) veri tabanlarından temin edilmiştir. Çalışmada 
öncelikle durağanlık düzeyleri belirlenmiş, ardından değişkenler arasındaki kısa ve uzun dönem 
ilişkileri tespit etmek amacıyla ARDL sınır testi yaklaşımı uygulanmıştır. Ayrıca nedensellik 
yönünü ortaya koymak için Toda-Yamamoto nedensellik testi gerçekleştirilmiştir. Elde edilen 
bulgular, GSYH artışının işsizlik oranını anlamlı biçimde azalttığını, enflasyon ve döviz kurundaki 
dalgalanmaların ise işsizlik üzerinde kısmi ve dönemsel etkiler yarattığını göstermektedir. Sanayi 
üretim endeksinin işsizliği azaltıcı etkisi ise özellikle uzun dönemde belirginleşmektedir. Bu 
bağlamda, makroekonomik göstergelerle işsizlik arasındaki nedensellik ilişkisi ve etkileşimlerin 
yönü de incelenmiştir. Çalışmanın sonucunda, GSYH büyümesinin işsizlik oranını anlamlı biçimde 
azalttığı beklenmektedir. Bununla birlikte, enflasyon ve döviz kuru gibi makro değişkenlerin 
işsizlik üzerindeki etkilerinin dönemsel ve karmaşık olduğu, kısa vadede dalgalanmalara neden 
olduğu tahmin edilmektedir. Sanayi üretim endeksinin ise özellikle uzun dönemde işsizlik üzerinde 
azaltıcı bir etkisi olması beklenmektedir. Faiz oranlarının işsizlik dinamiklerine etkisi ise Türkiye 
ekonomisindeki mevcut para politikası uygulamalarına bağlı olarak yorumlanacaktır. Bu sonuçlar, 
politika yapıcılar için işsizlikle mücadelede makroekonomik değişkenlerin etkin yönetiminin 
önemini vurgulamaktadır. 
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G-20 Ülkelerinde Ekonomik Büyüme Ve Çevre Kirliliği Arasindaki Ilişkinin Ekonometrik 
Analizi 

Merve GÖKDAĞ (Corresponding Author)1, Merve Ertok ONURLU2 

Çevre kirliliği, sanayileşme ve hızla gelişen kentleşmenin küresel sonuçlarından biri olarak, canlı 
ekosistemi ve insan sağlığı üzerinde yaygın ve kalıcı tehditler oluşturmaktadır. Özellikle artan 
endüstriyel faaliyetler ve tehlikeli atıkların kontrolsüzlüğü hava, su ve toprak gibi doğal 
kaynakların kalitesinde fazlasıyla etkili olmaktadır. Bu çalışmada, 1992-2019 yılları arasında G-20 
ülkelerinde çevre kirliliği ve ekonomik büyüme arasındaki ilişkinin Çevresel Kuznets Eğrisi 
Hipotezi (EKC) kapsamında incelenmesi amaçlanmıştır. Bu bağlamda EKC hipotezinin 
geçerliliğini tespit etmek için, çevre kirliliğini temsilen nitröz oksit (N2O), karbondioksit emisyonu 
(CO2) ve ekolojik ayak izi değişkenlerinin bağımlı değişken olduğu üç farklı model analiz 
edilmiştir. Çalışmada, birimler arası korelasyonu dikkate alan ikinci kuşak panel birim kök testleri 
kullanılarak değişkenlerin durağan yapıda olup olmadıkları araştırılmıştır. Birinci farkta durağan 
(I(1)) oldukları tespit edilen değişkenlerin, uzun dönemde ilişkili olup olmadıklarının tespit 
edilmesi amacıyla Pedroni Panel Eşbütünleşme testi yapılmıştır. Test sonuçlarına göre her üç model 
için de değişkenlerin uzun dönemde ilişkili oldukları sonucuna varılmıştır. Değişkenler arasındaki 
uzun dönemli ilişkinin tahmini için ise Ortalama Grup Dinamik En Küçük Kareler (DOLSMG) 
tahmincisi kullanılmıştır. DOLS test sonuçlarına göre,  CO2’nin bağımlı değişken olduğu modelde 
G-20 ülkeleri için EKC hipotezinin geçerli olduğu; sırasıyla N2O ve karbon ayak izinin bağımlı 
değişken olarak yer aldığı diğer modellerde ise EKC hipotezinin geçerli olmadığı sonucuna 
ulaşılmıştır. 
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The Impact of Geopolitical Risks on Military Expenditure: An Analysis of the European 
Union 

Semih KARACAN (Corresponding Author)1 

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. 

1. semih.karacan@dpu.edu.tr, Kütahya Dumlupınar University 

  



22nd International Symposium on Econometrics, Operations Research and Statistics 

September 24-26, 2025 30 

Persistence of Shocks in Forest Areas within the Framework of Fractional Frequency 
Fourier - Kruse (FFKRUSE) and Fractional Frequency Fourier - Sollis (FFSOLLIS) Unit 

Root Tests 

Süreyya İmre BIYIKLI (Corresponding Author)1 

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. 

Keywords: FFKRUSE test, FFSOLLIS test, environmental shocks, deforestation 

1. simre@gelisim.edu.tr, İstanbul Gelişim University 

  



22nd International Symposium on Econometrics, Operations Research and Statistics 

September 24-26, 2025 31 

University Students' Perceptions of Electric Vehicle Technology: An Analysis Within the 
Framework of the Quantum Choice Model 

Melis KAVAKLI (Corresponding Author)1, Kadir Yasin ERYIĞIT2 

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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Nowcasting Bitcoin Analysis with BSTS 

Selçuk KOÇ1, Seda ERTÜRK (Corresponding Author)2 

After the effects of Donald Trump's tweets during his first US presidency on the economies of 
countries (Ertürk and Koç, 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 

Rüya KARCI (Corresponding Author)1, Asiye TÜTÜNCÜ2 

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 Mekaniği ve Derin Öğrenme ile Dinamik Mekânsal Ağırlık Matrisinin 
Oluşturulması: Mekânsal Ekonometride Yeni Bir Yaklaşım Önerisi 

Mehmet Kenan TERZİOĞLU1, Mehmet Alı̇ YÜCEL (Corresponding Author)2 

Mekânsal bağımlılıkların iktisadi modellemede temsili, konumsal etkileşimlerin ve bölgesel 
dinamiklerin anlaşılmasında kritik bir rol oynamaktadır. Mekânsal modellerin ampirik 
güvenilirliği, etkileşim topolojisini belirleyen mekânsal ağırlık matrisinin yapısına bağlı 
olmaktadır. Araştırmacı tarafından a priori tanımlanan, veri üretim sürecinden bağımsız ve sabit 
olan konvansiyonel/geleneksel yaklaşımlar, modelde yanlış tanımlama riskine, parametre 
tahminlerinde sapmalara ve nedensel çıkarım gücünün sınırlanmasına yol açabilmektedir. Çalışma 
kapsamında, söz konusu metodolojik sınırlılıkları aşmak amacıyla, mekânsal ağırlık matrisini 
verinin istatistiksel yapısından türeyen endojen bir yapı olarak tanımlayan, kuantum mekaniği ve 
derin öğrenme destekli özgün bir metodoloji önerilmektedir. Önerilen yaklaşımda, sentetik olarak 
üretilmiş çok boyutlu öznitelik vektörleri, Mahalanobis dönüşümüyle kovaryans bağımlılıklarından 
arındırılarak istatistiksel olarak homojen bir forma dönüştürülmekte ve elde edilen bu form, 
ortonormal (birbirine dik ve birim uzunlukta) Hilbert uzayında kuantum durum vektörleri olarak 
temsil edilmektedir. Konumlar arası etkileşimler, klasik korelasyonların ötesinde; bağlamsal 
asimetrileri, yerel olmayan bağımlılıkları ve çok katmanlı ağ yapılarındaki yapısal bağlılıkları 
kapsayacak biçimde, kuantum dolanıklığı formülasyonu çerçevesinde modellenmektedir. Bu 
yaklaşım, sınırdaşlığa dayalı geleneksel bağımlılık tanımlarının ötesine geçerek, hem mekânsal-
topolojik hem de bağlamsal-işlevsel düzeyde, eşzamanlı ve yönlü bağımlılıkların, ortak bir 
kuantum durum vektörü temsili üzerinden ifade edilmesine imkân tanımaktadır. Konumların 
dolanıklık düzeyleri ise, indirgenmiş yoğunluk matrisinden türetilen Von Neumann entropisi 
aracılığıyla hesaplanmaktadır. Kuantum-temelli mekânsal etkileşim ölçütlerinden türetilen yüksek 
boyutlu tensörler, mekânsal topoloji ile zamansal evrimi eşzamanlı öğrenebilen hibrit bir derin 
öğrenme mimarisi ile işlenmektedir. Hibrit derin öğrenme mimarisi, düğümler arası etkileşim 
yoğunluğunu endojen olarak öğrenen GAT katmanlarını, sistemin kısa dönem bağımlılığını 
modelleyen LSTM birimlerini ve her bir zaman kesitindeki uzun dönem bağımlılıkları yakalayan 
Transformer mekanizmalarını içermektedir. Çalışmada oluşturulan dinamik mekânsal ağırlık 
matrisi ile klasik matris, Mekânsal Otoregresif (SAR) model çerçevesinde karşılaştırılmakta; 
sonuçlar, önerilen yapının daha kapsamlı, tutarlı ve açıklayıcı çıktılar ürettiğini göstermektedir. Bu 
yönüyle çalışma, mekânsal ekonometride literatürde ilk kez önerilen dinamik ve bağlamsal olarak 
optimize edilmiş mekânsal ağırlık matrisi yaklaşımı ile yeni bir paradigma sunmaktadır. 
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Türkiye’de İşsizlik Histerisinin Test Edilmesi: Yapay Sinir Ağları (ANN) Birim Kök Testi 
Yaklaşımı (1923–2024) 

Oktay KIZILKAYA1, Gökhan KONAT (Corresponding Author)2, Fatma KIZILKAYA3, Ayşegül 
HAN4 

İşsizlik histerisi hipotezi, ekonomik şokların işsizlik oranları üzerinde uzun vadeli ve kalıcı etkiler 
bırakabileceğini yani işsizlik oranlarının doğal seviyesine otomatik olarak geri dönmeyebileceğini 
ileri sürmektedir. Bu hipotez, özellikle ekonomik krizler, yapısal dönüşümler ve büyük ölçekli 
toplumsal olayların işgücü piyasaları üzerindeki kalıcı etkilerini açıklamada önemli bir teorik 
çerçeve sunmaktadır. Bu bağlamda Türkiye için işsizlik histerisinin varlığını test etmek 
amaçlanmaktadır. Araştırmanın kapsamı, Cumhuriyet’in kuruluşundan günümüze kadar uzanan 
yaklaşık bir asırlık veri setini kapsamaktadır. Analizlerde Türkiye İstatistik Kurumu (TÜİK) ve 
Bulutay (1995)’in çalışmasından derlenen yıllık işsizlik oranı verileri kullanılmıştır. Yöntem 
olarak, geleneksel Augmented Dickey-Fuller (ADF) testine ek olarak, Yaya vd. (2021) tarafından 
geliştirilen yapay sinir ağı (ANN) tabanlı birim kök testi uygulanmıştır. Bu yöntem, doğrusal 
olmayan veri yapısını modelleme ve karmaşık dinamik ilişkileri yakalama kapasitesi sayesinde, 
işsizlik gibi ekonomik zaman serilerinde gözlenebilen yapısal kırılmalar ve doğrusal olmayan 
eğilimleri daha etkin biçimde analiz etme imkânı sunmaktadır. Elde edilen sonuçlara göre, 
geleneksel ADF birim kök testi her iki modelde de durağanlık hipotezini reddetmiştir. Ancak ANN 
tabanlı birim kök testi, ADF birim kök testi sonuçlarının aksine, birim kök hipotezini 
reddedememiştir. Bu durum, geleneksel testlerin işsizlik serisini durağan olarak 
değerlendirebileceğini, ancak doğrusal olmayan yaklaşımın serinin birim kök içerdiğine ve 
dolayısıyla işsizlik histerisinin varlığına işaret ettiğini göstermektedir. Sonuçlar, Türkiye’de işgücü 
piyasasında yaşanan şokların kalıcı etkiler yaratabileceğini, doğal işsizlik oranına otomatik 
dönüşün gerçekleşmeyebileceğini ortaya koymaktadır. Bu bulgu, politika yapıcılar açısından 
önemlidir; zira geçici görülen olumsuzlukların uzun vadeli işsizlik sorununa dönüşmesini önlemek 
için proaktif istihdam politikaları, yapısal reformlar ve sürdürülebilir istihdam stratejilerinin 
uygulanması gerektiğini göstermektedir. Çalışma, hem uzun dönemli veri seti kullanımı hem de 
yeni nesil doğrusal olmayan birim kök testinin uygulaması açısından Türkiye literatürüne özgün 
bir katkı sunmaktadır. 
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The Impact of Health Expenditures and Socioeconomic Determinants on Life Expectancy: 
A Robust MARS Analysis by Income Groups 

Sinem Guler Kangalli UYAR (Corresponding Author)1 

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 Gösterge Odaklı LSTM Modeli İle Türkiye'de Vergi Geliri Tahmini 

Süreyya TEMELLİ (Corresponding Author)1 

Bu çalışma, Türkiye’de vergi gelirlerinin GSYİH içindeki oranını tahmin etmek için Uzun Kısa 
Süreli Bellek (LSTM) sinir ağlarını kullanan bir zaman serisi tahmin modeli sunmaktadır. Modelde, 
Dünya Bankası’ndan alınan vergi geliri, GSYİH büyümesi ve enflasyon ile ilgili geçmiş verilere 
yer verilmiştir. Ekonomik göstergelerdeki zamansal bağımlılıkları yakalamak amacıyla gecikmeli 
değişkenler oluşturmak için öznitelik mühendisliği teknikleri uygulanmıştır. Veriler, LSTM 
mimarisiyle uyumlu hale getirilmesi için MinMax ölçekleme yöntemiyle ön işleme tabi 
tutulmuştur. En az 5 katman ve verinin en az üçte biri kadar eğitim boyutu ile zaman serisi çapraz 
doğrulama yöntemi kullanılmıştır. LSTM modeli 32 birim, düzenlileştirme için bir dropout katmanı 
ve yoğun (dense) bir çıktı katmanından oluşmaktadır. Model, Adam optimizasyon algoritması ve 
ortalama kare hatası kayıp fonksiyonu ile eğitilmektedir. Aşırı öğrenmeyi önlemek için erken 
durdurma uygulanmaktadır. Modelin başarısı, ortalama mutlak hata ve kök hata kare ortalaması 
ölçütleriyle değerlendirilmektedir.  LSTM ağları gibi veri odaklı modellerin sınırlamaları, 
olağanüstü ya da benzeri görülmemiş olaylarla karşılaşıldığında belirginleşir. Bu modeller, geçmiş 
verilere dayalı desenleri tanıma ve tahmin etme konusunda başarılıdır; ancak, eğitim örneklerinden 
önemli ölçüde sapma gösteren durumlara uyum sağlamakta zorlanırlar. Bir başka ifadeyle, yeni 
veya beklenmedik gelişmelerin meydana geldiği durumlarda, örneğin ekonomik krizler, teknolojik 
atılımlar veya küresel pandemiler gibi, bu modeller doğru tahminler veya içgörüler sunmada 
yetersiz kalabilir. Sonuçlar, LSTM modellerinin yetersiz kalabileceği durumları gösterirken aynı 
zamanda ekonomik tahmin ve politika analizlerinde ekonomik teori ile gelişmiş makine öğrenimi 
tekniklerinin bir arada kullanılması potansiyelini vurgulamaktadır. 
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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)1, Murat Can GENÇ2 

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)1, Ramazan ÖZ2 

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 ERTÜRK (Corresponding Author)1, Selçuk KOÇ2 

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, 
demographic projections. 
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Cluster Analysis and Mapping of Apartment Buildings in Istanbul Based on Physical 
Characteristics 

Bı̇lge Kağan ÖZBAY (Corresponding Author)1, Berker DAL2, Sı̇nem Güler Kangalli UYAR3 

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 Oranı Ve Kur Dinamikleri Arasında Doğrusal Olmayan İlişkiler: 
Türkiye Örneğinde SETAR Yaklaşımı 

Erkan AĞASLAN (Corresponding Author)1, Atilla GÖKÇE2, Hasan TÜRE3 

Gelişmekte olan ülkelerde finansal istikrarın en önemli belirleyicilerinden birisi dolarizasyon 
olgusudur. Ülkede yaşayan yerleşiklerin sürekli değer kaybetme eğiliminde olan ulusal para birimi 
yerine yabancı para birimini tercih etmeye başlaması ülkelerin merkez bankalarının para politikası 
kararlarında etkinliklerini yitirmesine sebep olabilmektedir. Türkiye ekonomisinde değişkenlik 
gösteren faiz kararları, özellikle reel faiz oranını değiştirmekte ve döviz kuru hareketleriyle birlikte 
dolarizasyon sürecinin yönünü belirleyen başlıca makroekonomik faktörlerden biri olmaktadır. Bu 
kapsamda çalışmada, dolarizasyon oranının dinamikleri, faiz oranı ve döviz kuru etkileşimleri 
çerçevesinde doğrusal olmayan modeller ile değerlendirilmiştir. Çalışmanın veri seti, TCMB 
Elektronik Veri Dağıtım Sistemi’nden elde edilen haftalık politika faiz oranı, USD/TRY kuru ve 
yabancı para mevduatların toplam para arzın içerisindeki oranı olarak ifade edilen dolarizasyon 
göstergelerinden oluşmaktadır. Türkiye ekonomisindeki rejim değişimlerini yakalayabilmek 
amacıyla Self-Exciting Threshold Autoregressive (SETAR) modeli kullanılmıştır. Bulgular, 
politika faiz oranının yaklaşık %15,5 düzeyinde kritik bir eşik değer oluşturma eğilimde olduğunu 
ve bu eşik değerin altında dolarizasyon dinamiklerinin daha dengeleyici olduğunu göstermektedir. 
Bu oranın üzerinde olduğu aksi durum ise dolarizasyon dinamiklerinin daha kalıcı ve ivmelenen 
nitelikte olduğuna işaret etmektedir. Bununla beraber kur hareketlerinin yüksek faiz rejiminde 
dolarizasyonu daha da güçlendirdiği, düşük faiz rejiminde ise bu etkinin sınırlı kaldığı tespit 
edilmiştir. Elde edilen sonuçlar, faiz ve kur politikalarının dolarizasyon süreci üzerinde doğrusal 
olmayan ve rejime bağlı etkiler doğurduğunu ortaya koymakta; bu durum, finansal istikrar 
politikalarının tasarımında esnek ve rejim-duyarlı yaklaşımların gerekliliğini vurgulamaktadır. 
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Spatial Correlation Analysis of the Social and Economic Development Ranking of Turkey’s 
Provinces 

Fatma ZEREN (Corresponding Author)1, Tuğba Erdem ALADAĞ2, Osman PEKER 3 

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. 

Keywords: spatial değendence, Join Count Statistics, Subjectiive Poverty, Turkey Provices 

1. fatma.zeren@inonu.edu.tr, İnönü Umiversity 

2. erdem.mt@gmail.com, İnönü University  

3. ottopeker@gmail.com, Adnan Menderes University  

 

  



22nd International Symposium on Econometrics, Operations Research and Statistics 

September 24-26, 2025 44 

Structural Breaks and Fourier Cointegration in the Dynamics of PETKIM Stock Prices and 
the USD/TL Exchange Rate 

Nazrin Gurban BURJALIYEVA (Corresponding Author)1 

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. 

Keywords: Structural breaks; Frequency-domain Granger causality; Fourier Johansen 
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 Söyler1, Mustafa Gökçe (Corresponding Author)2 

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. 
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TÜRKİYE’DE DOĞRUDAN YABANCI YATIRIMLARIN MAKROEKONOMİK 
BELİRLEYİCİLERİNİN ANALİZİ: ARDL YAKLAŞIMI (1990–2024) 

Çet$n Görür1  

 
ÖZ 
Doğrudan yabancı yatırım (DYY), sermaye b6r6k6m6, teknoloj6 transfer6, 6st6hdam yaratımı ve küresel ekonom6yle 
entegrasyonu sağlayarak ekonom6k kalkınmada kr6t6k b6r rol oynar. Türk6ye g6b6 gel6şmekte olan ülkeler 6ç6n DYY 
çekmek, ver6ml6l6ğ6 artırmak ve sürdürüleb6l6r büyümey6 sağlamak açısından büyük önem taşır. Bu çalışma, 1990-
2024 dönem6nde Türk6ye’de doğrudan yabancı yatırımları etk6leyen ekonom6k büyüme, 6st6hdam ve enflasyon 
etk6ler6n6 detaylı şek6lde 6ncelemey6 amaçlamaktadır. Bu dönem, Türk6ye’n6n yatırım ortamında öneml6 ekonom6k 
dönüşümler ve pol6t6ka değ6ş6kl6kler6n6 6çermekted6r. Anal6z 6ç6n 6lg6l6 değ6şkenlere a6t yıllık ver6ler Dünya 
Bankası’ndan tem6n ed6lm6şt6r. Değ6şkenler6n farklı entegrasyon dereceler6ne sah6p olması sebeb6yle, kısa dönem 
d6nam6kler6 ve uzun dönem denge 6l6şk6ler6n6 6ncelemek amacıyla Otoregres6f Dağıtımlı Gec6kmel6 (ARDL) sınır 
test6 yöntem6 terc6h ed6lm6şt6r. Sonuçlar, değ6şkenler arasında uzun dönem dengel6 b6r eşbütünleşme 6l6şk6s6 
olduğunu gösterm6ş ve ARDL model6n6n kullanımını doğrulamıştır. Amp6r6k bulgular, ekonom6k büyümen6n DYY 
g6r6şler6 üzer6nde poz6t6f ve 6stat6st6ksel olarak anlamlı b6r etk6s6 olduğunu ortaya koymuştur. Bu durum, büyüyen 
ekonom6ler6n yabancı yatırımcılar 6ç6n pazar potans6yel6 ve kârlılık s6nyal6 verd6ğ6n6 göstermekted6r. Buna karşılık, 
6st6hdam ve enflasyon değ6şkenler6 6se DYY üzer6nde anlamlı ve negat6f etk6 yapmaktadır. Bu da 6şgücü p6yasası 
koşulları ve makroekonom6k 6st6krarsızlığın yabancı yatırımları olumsuz etk6leyeb6leceğ6n6 6şaret etmekted6r. 
Model6n açıklayıcılığı yüksek olup, !! değer6 0,907 ve düzelt6lm6ş !! değer6 0,820 olarak hesaplanmıştır. Ayrıca, 
tüm klas6k regresyon varsayımlarının sağlanması, bulguların güven6l6rl6ğ6n6 desteklemekted6r. Genel olarak, bu 
araştırma Türk6ye’de DYY’n6n bel6rley6c6ler6ne 6l6şk6n güncel ve kapsamlı amp6r6k kanıtlar sunarak, ekonom6k 
pol6t6ka gel6şt6rme sürec6ne değerl6 katkılar sağlamaktadır. 

Anahtar Kel-meler: Doğrudan yabancı yatırım, ekonom6k büyüme, 6st6hdam, enflasyon, ARDL koentegrasyon 

 
ANALYZING THE MACROECONOMIC DETERMINANTS OF FOREIGN DIRECT 

INVESTMENT IN TÜRKİYE: AN ARDL APPROACH (1990–2024) 
 

ABSTRACT 

Fore6gn d6rect 6nvestment (FDI) serves as a cruc6al dr6ver for econom6c development by fac6l6tat6ng cap6tal 
accumulat6on, technology transfer, employment creat6on, and 6ntegrat6on 6nto the global economy. For emerg6ng 
econom6es l6ke Türk6ye, attract6ng FDI 6s essent6al to enhance product6v6ty and susta6n long-term growth. Th6s 
study a6ms to comprehens6vely exam6ne the effects of key macroeconom6c determ6nants-namely econom6c growth, 
employment, and 6nflat6on-on FDI 6nflows 6n Türk6ye, cover6ng the per6od from 1990 to 2024. The cho6ce of th6s 
t6meframe captures s6gn6f6cant econom6c trans6t6ons and pol6cy sh6fts that have shaped Türk6ye’s 6nvestment 
cl6mate. Data for the analys6s were obta6ned from the World Bank, encompass6ng annual observat6ons on the 
relevant var6ables. G6ven that the var6ables exh6b6ted d6fferent orders of 6ntegrat6on, the Autoregress6ve D6str6buted 
Lag (ARDL) bounds test6ng approach was employed to 6nvest6gate both short-run dynam6cs and long-run 
equ6l6br6um relat6onsh6ps w6thout the prerequ6s6te of un6form stat6onar6ty. The results reveal ev6dence of a stable 
long-run co6ntegrat6on among the var6ables, val6dat6ng the use of the ARDL model. Emp6r6cal f6nd6ngs 6nd6cate 
that econom6c growth pos6t6vely and s6gn6f6cantly 6nfluences FDI 6nflows, underscor6ng the role of a grow6ng 
economy 6n attract6ng fore6gn 6nvestors by s6gnal6ng market potent6al and prof6tab6l6ty. Conversely, both 
employment levels and 6nflat6on rates d6splay stat6st6cally s6gn6f6cant negat6ve relat6onsh6ps w6th FDI, suggest6ng 
that labor market cond6t6ons and macroeconom6c 6nstab6l6ty may deter fore6gn 6nvestment. The est6mated model 
demonstrates excellent explanatory power, w6th an !! of 0.907 and an adjusted !! of 0.820, and d6agnost6c tests 
conf6rm that all class6cal regress6on assumpt6ons are sat6sf6ed, ensur6ng the rel6ab6l6ty of the results. Overall, th6s 
research contr6butes to the ex6st6ng l6terature by prov6d6ng updated emp6r6cal ev6dence on the determ6nants of FDI 
6n Türk6ye us6ng a r6gorous econometr6c framework, offer6ng act6onable 6ns6ghts for econom6c pol6cy des6gn. 

Keywords: Fore6gn d6rect 6nvestment, econom6c growth, employment, 6nflat6on, ARDL co6ntegrat6on 
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INTRODUCTION 

Fore)gn d)rect )nvestment (FDI) )s commonly def)ned as a long-term cross-border )nvestment 
by a res)dent ent)ty of one economy that enables a last)ng )nterest and s)gn)f)cant degree of 
control )n an enterpr)se located )n another economy. Unl)ke portfol)o flows, FDI prov)des not 
only f)nanc)al cap)tal but also fac)l)tates technology transfer, manager)al expert)se, and access 
to global markets, thereby serv)ng as an )mportant dr)ver of development )n host countr)es. For 
develop)ng econom)es such as Türk)ye, FDI const)tutes a stable source of external f)nance and 
has the potent)al to enhance product)v)ty, )nnovat)on, and compet)t)veness (Dunn)ng, 1993; 
UNCTAD, 2023). 
The relat)onsh)p between FDI and econom)c growth has been w)dely analyzed )n both 
theoret)cal and emp)r)cal l)terature. Accord)ng to the neoclass)cal growth model, FDI 
contr)butes to econom)c growth by augment)ng cap)tal accumulat)on and thereby ra)s)ng output 
)n the host economy (Solow, 1956). Endogenous growth theory extends th)s argument by 
suggest)ng that FDI st)mulates growth not only through cap)tal but also v)a technology 
sp)llovers, knowledge transfer, and human cap)tal development (Romer, 1986). Emp)r)cal 
ev)dence supports these cla)ms, w)th Borenszte)n, De Gregor)o, and Lee (1998) show)ng that 
FDI )s more effect)ve than domest)c )nvestment )n foster)ng growth, prov)ded the host country 
possesses suff)c)ent absorpt)ve capac)ty. 
FDI also has )mportant )mpl)cat)ons for employment. From a neoclass)cal perspect)ve, fore)gn 
)nvestment )s expected to create new job opportun)t)es by expand)ng product)on capac)ty and 
generat)ng demand for labor. In Türk)ye, the )ncrease )n the number of fore)gn-)nvested f)rms 
over the last two decades )llustrates the potent)al of FDI to st)mulate employment. However, 
the cr)t)cal school emphas)zes that the employment effects of FDI are not always 
stra)ghtforward, as )nflows may result )n prof)t repatr)at)on, l)m)ted local l)nkages, or the 
d)splacement of domest)c f)rms (Menc)nger, 2003). Th)s dual perspect)ve h)ghl)ghts the 
)mportance of country-spec)f)c emp)r)cal analyses to assess the net )mpact of FDI on labor 
markets. 
The nexus between FDI and )nflat)on )s more amb)guous. On the one hand, h)gh and volat)le 
)nflat)on d)scourages fore)gn )nvestors by )ncreas)ng uncerta)nty and transact)on costs, thereby 
reduc)ng FDI )nflows. On the other hand, moderate levels of )nflat)on may not deter )nvestment 
and could even encourage cap)tal )nflows by reduc)ng the real cost of borrow)ng and st)mulat)ng 
demand (Mundell, 1963; Tob)n, 1965). Recent emp)r)cal stud)es further suggest that the 
relat)onsh)p between FDI and )nflat)on may be nonl)near, w)th effects vary)ng between the short 
and long run (Mahmood) & Mahmood), 2016). 
Recent emp)r)cal stud)es have exam)ned the determ)nants of fore)gn d)rect )nvestment (FDI) 
from d)verse perspect)ves, focus)ng part)cularly on taxat)on, global)zat)on, )nst)tut)onal qual)ty, 
and macroeconom)c stab)l)ty. For )nstance, Harman et al. (2024) )nvest)gated the effects of tax 
wedges on FDI across 37 OECD countr)es over the per)od 2000-2022. The)r results, based on 
random effects and feas)ble general)zed least squares est)mat)ons, )nd)cated that a 1% )ncrease 
)n the tax wedge reduces FDI by 0.16%, h)ghl)ght)ng the deterrent role of taxat)on )n attract)ng 
fore)gn cap)tal. In a s)m)lar l)ne, Yıldırımçakar et al. (2021) analyzed d)fferent types of taxes-
)nternat)onal trade, )ncome, prof)t, and customs dut)es-for 36 OECD countr)es between 1995-
2019 and found that these taxes exerted a long-term negat)ve )mpact on FDI )nflows. 
Complementary ev)dence )s prov)ded by H)zarcı Beşer and Hoxha (2024), who explored 
Alban)a’s tax reforms and found that )mprovements )n the tax system played a s)gn)f)cant role 
)n attract)ng fore)gn )nvestors, even though FDI stock levels rema)ned below expectat)ons. 
The role of global)zat)on and trade openness has also been a recurr)ng theme )n the l)terature. 
Uğurlu (2024), apply)ng the ARDL approach for Türk)ye between 1973 and 2020, revealed that 
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global)zat)on-as measured by the KOF Global)zat)on Index-pos)t)vely affected FDI )nflows )n 
the long run, alongs)de GDP per cap)ta and trade openness, wh)le )nflat)on reduced fore)gn 
cap)tal )nflows. S)m)larly, Tavus and Azaz) (2024) used Johansen co)ntegrat)on techn)ques for 
Türk)ye (1970-2022) and conf)rmed a pos)t)ve long- and short-term relat)onsh)p between trade 
openness and FDI, w)th causal)ty tests further show)ng a one-way causal)ty from trade openness 
to fore)gn )nvestment. On a broader scale, Değ)rmenc) et al. (2024) analyzed BRICS-T 
countr)es between 1995–2021 and concluded that econom)c global)zat)on fosters FDI )nflows 
)n Braz)l, Ind)a, and )n the overall panel, wh)le tax burdens negat)vely affected South Afr)ca but 
)ncreased FDI )n Türk)ye. 
In add)t)on to global)zat)on, )nst)tut)onal qual)ty and domest)c sav)ngs are cr)t)cal factors l)nked 
to FDI )nflows. Bozkurt (2024), employ)ng an augmented ARDL model for the per)od 1995–
2023, found a long-run relat)onsh)p among FDI, )nst)tut)onal qual)ty, and domest)c sav)ngs )n 
Türk)ye. The results h)ghl)ghted that )mprovements )n )nst)tut)onal qual)ty and r)s)ng FDI 
pos)t)vely )nfluence domest)c sav)ngs. S)m)larly, Ateş and Arslan (2025) emphas)zed the 
)mportance of econom)c complex)ty, show)ng that h)gher complex)ty levels, dr)ven by 
)nnovat)on and sk)lled labor, s)gn)f)cantly attract more FDI )n a panel of 127 countr)es dur)ng 
2000–2019. These f)nd)ngs underscore the role of knowledge-based pol)c)es and )nst)tut)onal 
development )n foster)ng susta)nable cap)tal )nflows. 
Other stud)es have explored the )mpl)cat)ons of global uncerta)nty and geopol)t)cal r)sks. Akdağ 
and İskenderoğlu (2025) appl)ed Granger and frequency doma)n causal)ty methods to exam)ne 
the relat)onsh)p between FDI and uncerta)nty )nd)cators (EPU, WUI, GPR, VIX) for several 
Euras)an countr)es, )nclud)ng Türk)ye, over the per)od 1993–2021. The)r results revealed 
country-spec)f)c causal)ty patterns, show)ng that uncerta)nty )nfluences FDI )nflows d)fferently 
depend)ng on the econom)c and pol)t)cal context. L)kew)se, Akp)l)c (2025), us)ng system GMM 
for 122 countr)es, demonstrated that global uncerta)nt)es tend to reduce FDI )nflows )n 
emerg)ng and low-)ncome econom)es, though the presence of strong )nst)tut)onal frameworks 
and f)nanc)al development can m)t)gate these negat)ve effects. 
Several contr)but)ons have also evaluated the attract)veness of FDI )n emerg)ng econom)es 
us)ng mult)-cr)ter)a approaches. Aydem)r (2025) assessed BRICS-T countr)es dur)ng 2019-2023 
w)th MCDM methods, f)nd)ng that )nd)cators such as the corrupt)on percept)on )ndex and 
econom)c freedom )ndex are s)gn)f)cant determ)nants of FDI attract)veness, wh)le Türk)ye, 
Ch)na, and Ind)a emerged as the lead)ng dest)nat)ons. S)m)larly, Chen et al. (2023) exam)ned 
Ch)nese FDI )n Japan and emphas)zed the )mportance of bus)ness and nat)onal determ)nants-
)nclud)ng )ntellectual property, manager)al pract)ces, and )nnovat)on-)n shap)ng )nternat)onal 
)nvestment dec)s)ons. Dang et al. (2024), focus)ng on V)etnam, h)ghl)ghted the s)gn)f)cance of 
both hard and soft )nfrastructure )n shap)ng )nvestor sat)sfact)on and loyalty, suggest)ng that 
pol)cy )mprovements )n these areas can enhance FDI susta)nab)l)ty. 
Stud)es focus)ng on the M)ddle East and develop)ng econom)es further expand the debate. 
El)mam and Alattas (2025), employ)ng ARDL models for Saud) Arab)a (1980–2022), 
concluded that FDI exerts a pos)t)ve and s)gn)f)cant effect on susta)nable econom)c growth, 
w)th ev)dence of b)d)rect)onal causal)ty. Zaharum et al. (2024) found that )n Malays)a, GDP, 
)nflat)on, and exchange rates pos)t)vely )nfluenced FDI, wh)le real )nterest rates, trade openness, 
and unemployment had negat)ve effects. S)m)larly, F)tr)yan) and Andr)an (2024) )nvest)gated 
Indones)a (2010–2022) us)ng GMM est)mat)ons, report)ng that )nfrastructure, macroeconom)c 
stab)l)ty, and market s)ze s)gn)f)cantly shape FDI )nflows. Ma)betly and Idr)s (2021) extended 
the analys)s to ASEAN+3 lower-m)ddle-)ncome countr)es (2011–2019), f)nd)ng that ICT and 
trade openness pos)t)vely affected FDI, wh)le GDP, populat)on, and )nflat)on exerted negat)ve 
)mpacts. 
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Overall, the rev)ewed l)terature h)ghl)ghts the mult)d)mens)onal nature of FDI determ)nants, 
encompass)ng taxat)on, global)zat)on, )nst)tut)onal capac)ty, uncerta)nty, and macroeconom)c 
stab)l)ty. Wh)le some stud)es underl)ne the enabl)ng role of global)zat)on and )nst)tut)onal 
qual)ty, others stress the negat)ve )mpact of taxat)on and uncerta)nty on fore)gn cap)tal. These 
m)xed results suggest that the relat)onsh)p between FDI and )ts determ)nants )s h)ghly context-
spec)f)c, warrant)ng country-level emp)r)cal analys)s such as the present study focus)ng on 
Türk)ye. 
Aga)nst th)s backdrop, the purpose of th)s study )s to )nvest)gate the dynam)c relat)onsh)ps 
between FDI and key macroeconom)c var)ables-econom)c growth, employment, and )nflat)on-
)n the context of Türk)ye. By apply)ng the Autoregress)ve D)str)buted Lag (ARDL) model, the 
study a)ms to capture both the short-run adjustments and the long-run equ)l)br)um l)nkages 
among these var)ables. Th)s approach not only contr)butes to the emp)r)cal l)terature on FDI but 
also prov)des pol)cy-relevant )ns)ghts )nto how Türk)ye can better leverage fore)gn )nvestment 
to foster susta)nable growth, )mprove labor market outcomes, and ma)nta)n macroeconom)c 
stab)l)ty. 
1. MATERIAL AND METHOD 
Th)s study employs annual t)me ser)es data cover)ng the per)od 1990–2024 for Türk)ye, 
obta)ned from the World Bank database. The dependent var)able )s fore)gn d)rect )nvestment 
(FDI), wh)le the )ndependent var)ables are econom)c growth, employment, and )nflat)on, wh)ch 
are cons)dered the ma)n macroeconom)c determ)nants of FDI )nflows. To )nvest)gate both short-
run dynam)cs and long-run equ)l)br)um relat)onsh)ps among the var)ables, the Autoregress)ve 
D)str)buted Lag (ARDL) model developed by Pesaran, Sh)n, and Sm)th (2001) )s appl)ed. The 
ARDL approach )s part)cularly su)table )n th)s context as )t allows for the est)mat)on of 
co)ntegrat)on relat)onsh)ps )rrespect)ve of whether the underly)ng ser)es are )ntegrated of order 
I(0) or I(1), prov)ded none )s I(2). In add)t)on, the model eff)c)ently captures dynam)c 
adjustments through the error correct)on mechan)sm, thereby offer)ng robust )ns)ghts )nto the 
temporal )nteract)ons between FDI and the selected macroeconom)c var)ables.  Ev)ews 12 
program was used for analys)s )n the study. 
1.1. StatIonarIty In TIme SerIes 
Stat)onar)ty refers to the cond)t)on )n wh)ch the mean and var)ance of a t)me ser)es rema)n 
constant over t)me. A stat)onary ser)es fluctuates around )ts mean and tends to return to 
equ)l)br)um after temporary shocks. The presence of a un)t root )nd)cates non-stat)onar)ty, 
wh)ch may lead to spur)ous regress)on results and unrel)able )nferences (Altun et al., 2018; 
İşleyen et al., 2018; Dem)r et al., 2023). Thus, test)ng for stat)onar)ty )s essent)al to ensure the 
val)d)ty of econometr)c models. 
Un)t root tests are the most w)dely used tools for exam)n)ng stat)onar)ty. The D)ckey-Fuller 
(DF), Augmented D)ckey-Fuller (ADF), and Ph)ll)ps-Perron (PP) tests are frequently appl)ed. 
S)nce the assumpt)on of stat)onar)ty )s cr)t)cal )n econometr)c model)ng and f)nanc)al analys)s, 
the absence of th)s property may produce b)ased or m)slead)ng results. Therefore, determ)n)ng 
the stat)onar)ty of the ser)es and conduct)ng relevant tests const)tute a fundamental step )n t)me 
ser)es analys)s (Dem)r et al., 2023). 
1.2. Augmented DIckey Fuller Test 
The ADF test )s one of the most w)dely used stat)st)cal procedures for test)ng the presence of a 
un)t root )n t)me ser)es. Wh)le the standard DF test assumes an AR(1) process w)thout 
autocorrelat)on )n the error term, the ADF test )mproves th)s framework by )nclud)ng lagged 
values of the dependent var)able to account for autocorrelat)on )n h)gher-order autoregress)ve 
processes (Konaklı, 2020). A f)xed+trend model was created by add)ng β_1 t to the f)xed model. 
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Thus, equat)on (1) represents the f)xed model and equat)on (2) represents the f)xed+trend 
model. 

!"! = $" ++&"!#$ +' (%!"!#%
&

%'$
+ )! (1) 

!"! = $" + $$* + &"!#$ +' (%!"!#%
&

%'$
+ )! (2) 

where; ∆,!; represents the first difference of the variables, ,!#$; lagged difference trend, *; a 
time trend, $"; constant term, p; appropriate lag length, )!; error term, $$, & and (; represent 
the relationship coefficients (Pata et al., 2016; Demir et al., 2023). Hypothesis tests for ADF are 
established as follows. 
-":	& = 0 (The series is not stationary) 
-$:	& ≠ 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 un)t root test )s a transformat)on of the ADF test and asymptot)cally removes the 
dependence on parameters. In the PP approach, the regress)on equat)ons )n the DF procedure 
have been replaced w)th a transformat)on of the test stat)st)c. Th)s test g)ves stronger results 
than DF and ADF tests )n the stat)onar)ty analys)s of trend)ng t)me ser)es. 

,! = 2̂ + (4,!#$ + )!̂ (3) 

,! = 2̅ + (6,!#$ + $̅ 7* −
1
2;< + )!̅ 

(4) 

The equations related to the test are given in equations (3) and (4). Here, the coefficients of the 
OLS regression model are denoted by 2, ( and $, the number of observations is T, 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. 

,! = 2 + (,!#$ + )!																						* = 1, 2, … , ? (5) 

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; Konaklı, 2020; Demir et 
al., 2023). The hypotheses for the PP unit root test are established as follows (Demir, 2021). 
-":	& = 0 or @ = 1 (The series is non-stationary or contains a unit root) 
-$:	& < 0 or @ < 1 (The series is stationary or does not contain a unit root). 
1.4. CoIntegratIon 
Co)ntegrat)on analys)s )nvest)gates long-term relat)onsh)ps among non-stat)onary var)ables. 
When var)ables are co)ntegrated, they may not exh)b)t short-term causal)ty, but they tend to 
move together )n the long run, ma)nta)n)ng a stable equ)l)br)um. Th)s approach )s w)dely used 
)n f)nanc)al and macroeconom)c stud)es to exam)ne relat)onsh)ps such as those between )nterest 
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rates and )nflat)on or between exchange rates. The concept was formally )ntroduced by Engle 
(1981) and Engle and Granger (1987), who emphas)zed that analyses conducted w)th non-
stat)onary var)ables may lead to )nval)d results unless co)ntegrat)on )s cons)dered (Dem)r, 2021; 
Özen 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). *	 =
	1, 2, 3, . . . , ; with a time dimension, represents an ARDL (E, F) 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: 

!,! = ∅,!#$ + $I!#$ +' J
(

)'$
!,!#* +' &*!+"#$

,

*'$
+ )! (6) 

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. 
-": ,$ = ,- =. . . = 0, There is no cointegration relationship. 
-$: ,$ ≠ ,- ≠. . . ≠ 0, There is a cointegration relationship. 
1. MATERIAL AND METHOD 
Th)s sect)on presents the econometr)c methods used )n the study and the emp)r)cal results 
obta)ned )n deta)l. F)rst, the stat)onar)ty propert)es of the ser)es were exam)ned us)ng un)t root 
tests, and )t was observed that the var)ables were stat)onary at d)fferent levels. Th)s s)tuat)on 
made the use of the ARDL bounds test approach methodolog)cally appropr)ate. Subsequently, 
the long-term co)ntegrat)on relat)onsh)p and short-term dynam)cs were analyzed, and the 
f)nd)ngs obta)ned were )nterpreted w)th the help of tables and stat)st)cal )nd)cators. Equat)on 
(7) reports the est)mated ARDL(4,2,4,4) model. 
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here, ∅, $$, $-	K?L	$. are coeff)c)ents show)ng level (long term) )nd)cators; J*, short-term 
lagged d)fferent)al effects of FDI; &$*, &-* and &.*  represents the short-term effects of the 
)ndependent var)ables. 
Table 1 l)sts the dependent and )ndependent var)ables, the)r abbrev)at)ons 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 

Variable 
Abbreviations Variable Expansion Source Year 

FDI 
Annual Foreign Direct 
Investment Ratio 
(Dependent Variable) 

World Bank Official Website 
(https://databank.worldbank.org/source/world-
development-indicators ) 

1990-2024 

GDP Annual Economic Growth 
Rate 

World Bank Official Website 
(https://databank.worldbank.org/source/world-
development-indicators ) 

1990-2024 

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

1990-2024 

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

1990-2024 

Table 1 documents that FDI (annual fore)gn d)rect )nvestment rat)o) )s the model’s dependent 
var)able and the explanatory set conta)ns GDP (annual econom)c growth rate), Employment 
(annual employment rate) and Inflat)on (annual )nflat)on rate), all drawn from the World Bank 
WDI for 1990–2024. 
Table 2 reports ADF and Ph)ll)ps-Perron tests at levels (I(0)) and f)rst d)fferences (I(1)) for each 
ser)es. 
Table 2. Unit root tests for I(0) and I(1) levels of variables 

Te
st

 

Va
ri

ab
le

 I(0) I(1) 

Intercept Trend and 
Intercept Intercept Trend and 

Intercept 
t-st. p-value t-st. p-value t-st. p-value t-st. p-value 

A
D

F 

FDI -2.331 0.168 -2.320 0.412 -5.350 <0.001 -5.308 <0.001 
GDP -6.1739 <0.001 -6.181 <0.001     
Employment -2.415 0.145 -0.591 0.973 -4.911 <0.001 -5.972 <0.001 
Inflation -2.049 0.265 -0.541 0.975 -7.423 <0.001 -5.512 <0.001 

PP
 

FDI -2.226 0.201 -2.209 0.469 -7.724 <0.001 -9.586 <0.001 
GDP -7.285 <0.001 -8.094 <0.001     
Employment -2.004 0.283 -0.555 0.975 -4.921 <0.001 -5.989 <0.001 
Inflation -1.925 0.317 -1.913 0.625 -7.740 <0.001 -7.779 <0.001 

Accord)ng to Table 2, the un)t-root results show a m)xed orders-of-)ntegrat)on pattern: GDP )s 
stat)onary )n levels (I(0)) w)th strongly s)gn)f)cant ADF and PP stat)st)cs (ADF t ≈ −6.17, p < 
0.001; PP t ≈ −7.285, p < 0.001), whereas FDI, Employment and Inflat)on are non-stat)onary )n 
levels but become stat)onary after f)rst d)fferenc)ng (I(1)), as ev)denced by s)gn)f)cant test 
stat)st)cs at the I(1) stage. A m)xed I(0)/I(1) structure )s prec)sely the sett)ng )n wh)ch the ARDL 
bounds test)ng approach )s most appropr)ate because ARDL does not requ)re all var)ables to be 
)ntegrated of the same order prov)ded none are I(2). In part)cular, s)nce GDP )s I(0) at levels 
wh)le the other regressors are I(1), the ARDL framework (and the bounds test for co)ntegrat)on) 
)s the correct cho)ce for est)mat)ng both the short-run dynam)cs and the long-run relat)onsh)p 
among the var)ables. 
Table 3 reports the F-stat)st)c for the bounds test (k = 3 )ndependent var)ables) and the 
appropr)ate cr)t)cal values. 
 
 
 

https://databank.worldbank.org/source/world-development-indicators
https://databank.worldbank.org/source/world-development-indicators
https://databank.worldbank.org/source/world-development-indicators
https://databank.worldbank.org/source/world-development-indicators
https://databank.worldbank.org/source/world-development-indicators
https://databank.worldbank.org/source/world-development-indicators
https://databank.worldbank.org/source/world-development-indicators
https://databank.worldbank.org/source/world-development-indicators
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Table 3. ARDL cointegration boundary test 

Number of Independent 
Variables (k) F statistic Value Significance Level 

Critical Values 
Lower L. Upper L. 

3 10.691 

1% 4.614 5.966 

5% 3.272 4.306 

10% 2.676 3.586 

Accord)ng to Table 3, the computed F-stat)st)c for the bounds test )s 10.691. That value l)es well 
above the reported upper bound even at the 1% s)gn)f)cance level (upper cr)t)cal value = 5.966). 
Econometr)cally, th)s prov)des very strong ev)dence to reject the null hypothes)s of “no long-
run relat)onsh)p” among the var)ables. In other words, desp)te the m)xed )ntegrat)on orders, the 
ser)es appear to be co)ntegrated: there ex)sts a stable long-run equ)l)br)um l)nk)ng FDI, GDP, 
Employment and Inflat)on. Th)s just)f)es report)ng and )nterpret)ng the long-run ARDL 
coeff)c)ents and the assoc)ated Error-Correct)on representat)on. 
Figure 1. Graph of CUSUM and CUSUM of squares 

 
The stab)l)ty of the est)mated ARDL model was further exam)ned us)ng the CUSUM and 
CUSUM of Squares tests, as presented )n F)gure 1. The CUSUM test (left panel) )nd)cates that 
the recurs)ve res)duals rema)n well w)th)n the 5% s)gn)f)cance bounds throughout the sample 
per)od, suggest)ng that the short-run dynam)cs of the model are stable and not subject to 
structural sh)fts. S)m)larly, the CUSUM of Squares test (r)ght panel) shows that the squared 
recurs)ve res)duals also l)e w)th)n the cr)t)cal bounds, further support)ng the absence of 
parameter )nstab)l)ty or var)ance sh)fts over t)me. G)ven that the model covers the per)od 1990–
2024, dur)ng wh)ch the Turk)sh economy exper)enced several macroeconom)c shocks-
)nclud)ng ep)sodes of h)gh )nflat)on, employment fluctuat)ons, and substant)al changes )n 
fore)gn d)rect )nvestment )nflows-the stab)l)ty of the est)mated coeff)c)ents )s part)cularly 
noteworthy. These results conf)rm that the ARDL model l)nk)ng fore)gn d)rect )nvestment (FDI) 
as the dependent var)able w)th econom)c growth, employment, and )nflat)on as explanatory 
factors )s robust and rel)able for both short- and long-run )nference, prov)d)ng conf)dence )n the 
emp)r)cal f)nd)ngs der)ved from th)s spec)f)cat)on. 
Table 4 l)sts ser)al correlat)on (Breusch–Godfrey LM), heteroskedast)c)ty (Breusch–Pagan / 
Godfrey), normal)ty (Jarque–Bera) and funct)onal form (Ramsey RESET) test stat)st)cs 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) 
"%  0.907  

#$%. "%  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 d)agnost)c stat)st)cs presented )n Table 4 )nd)cate that the ARDL(4,2,4,4) spec)f)cat)on 
prov)des a robust f)t to the data. The model expla)ns a h)gh proport)on of the var)at)on )n FDI, 
w)th an M- of 0.907 and an Adj.	M- of 0.831, suggest)ng strong explanatory power even after 
account)ng for degrees of freedom. The Breusch–Godfrey LM test (p = 0.183) fa)ls to reject the 
null of no ser)al correlat)on, )mply)ng that the res)duals are free from s)gn)f)cant autocorrelat)on. 
S)m)larly, the Breusch–Pagan–Godfrey test (E	 = 	0.466) )nd)cates no ev)dence of 
heteroskedast)c)ty, support)ng the homoskedast)c)ty assumpt)on. The Jarque–Bera stat)st)c 
(E	 = 	0.709) conf)rms that the res)duals are approx)mately normally d)str)buted, val)dat)ng the 
rel)ab)l)ty of standard t- and F-tests. F)nally, the Ramsey RESET test (E	 = 	0.254) prov)des no 
ev)dence of funct)onal form m)sspec)f)cat)on, suggest)ng that the chosen lag structure and 
model spec)f)cat)on are appropr)ate. Taken together, these results support the adequacy of the 
est)mated ARDL model and enhance conf)dence )n the subsequent long-run and short-run 
coeff)c)ent )nterpretat)ons. 
The est)mat)on results reported )n Table 5 prov)de both the long-run co)ntegrat)ng coeff)c)ents 
and the assoc)ated error-correct)on dynam)cs for the ARDL spec)f)cat)on. Collect)vely, these 
f)nd)ngs conf)rm the presence of a stable long-run equ)l)br)um relat)onsh)p between FDI, GDP, 
Employment, and Inflat)on. 
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 

Accord)ng to Table 5, F)rst, the error-correct)on term (Co)ntEq(−1)) )s negat)ve (−0.885) and 
h)ghly s)gn)f)cant (E	 < 	0.001). Th)s result val)dates the ex)stence of co)ntegrat)on among the 
var)ables, as )t )nd)cates that any short-run d)sequ)l)br)um )s corrected over t)me. The 
magn)tude, however, )s relat)vely large )n absolute terms, suggest)ng a rap)d – even 
overshoot)ng – adjustment towards long-run equ)l)br)um. From an econom)c perspect)ve, th)s 
)mpl)es that dev)at)ons of FDI from )ts equ)l)br)um level are qu)ckly corrected )n response to 
changes )n the explanatory var)ables, reflect)ng the sens)t)v)ty of cap)tal )nflows to 
macroeconom)c fundamentals. 
Turn)ng to the long-run coeff)c)ents, the f)nd)ngs are cons)stent w)th theoret)cal expectat)ons. 
The coeff)c)ent for GDP )s pos)t)ve (0.081) and stat)st)cally s)gn)f)cant at the 1% level, 
underscor)ng the role of econom)c growth )n attract)ng fore)gn cap)tal. Th)s al)gns w)th the 
not)on that expand)ng econom)c act)v)ty s)gnals h)gher returns and market potent)al, thereby 
encourag)ng FDI )nflows. From a pol)cy perspect)ve, susta)n)ng GDP growth rema)ns a v)tal 
dr)ver for long-term )nvestment attract)veness. 
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The coeff)c)ent for Employment )s also pos)t)ve (0.126) and stat)st)cally s)gn)f)cant (E	 <
	0.05). Th)s suggests that )mprovements )n labor market performance, measured through h)gher 
employment rates, contr)bute pos)t)vely to fore)gn )nvestment. A well-funct)on)ng labor market 
prov)des both a stable workforce and a larger consumer base, both of wh)ch are cr)t)cal 
determ)nants for mult)nat)onal f)rms when cons)der)ng )nvestment dest)nat)ons. Econom)cally, 
th)s result h)ghl)ghts the )mportance of labor market stab)l)ty and employment-or)ented pol)c)es 
)n foster)ng a favorable )nvestment cl)mate. 
In contrast, Inflat)on exh)b)ts a negat)ve long-run )mpact on FDI (−0.010, E	 < 	0.05). Th)s 
f)nd)ng )s )n l)ne w)th standard econom)c theory, wh)ch pos)ts that macroeconom)c )nstab)l)ty, 
reflected through pers)stent )nflat)on, underm)nes )nvestor conf)dence by erod)ng real returns 
and )ncreas)ng uncerta)nty. Even though the magn)tude of the coeff)c)ent )s relat)vely small, )ts 
s)gn)f)cance )nd)cates that ma)nta)n)ng pr)ce stab)l)ty )s a cruc)al cond)t)on for susta)n)ng 
fore)gn )nvestment )nflows. 
F)nally, the constant term )s negat)ve and s)gn)f)cant (−0.415, E	 < 	0.01), )nd)cat)ng that when 
the explanatory var)ables are held at zero, the basel)ne level of FDI )s below average. Wh)le 
constants often lack d)rect econom)c )nterpretat)on, th)s result )mpl)es that structural and 
)nst)tut)onal factors beyond the modeled var)ables may also play a role )n shap)ng FDI )nflows. 
Overall, the long-run results conf)rm that strong econom)c performance (GDP), favorable labor 
market cond)t)ons (Employment), and pr)ce stab)l)ty (low Inflat)on) are key determ)nants of 
FDI )n the Turk)sh economy dur)ng the sample per)od. The s)gn)f)cance of the error-correct)on 
mechan)sm further suggests that dev)at)ons from equ)l)br)um are not pers)stent, and the system 
rap)dly converges back to )ts long-run path. From both econometr)c and econom)c perspect)ves, 
these f)nd)ngs underscore the )mportance of growth-or)ented and stab)l)ty-focused 
macroeconom)c pol)c)es )n enhanc)ng Türk)ye’s attract)veness to fore)gn )nvestors. 
CONCLUSION AND DISCUSSION 
The emp)r)cal f)nd)ngs of th)s study prov)de )mportant )ns)ghts )nto the determ)nants of fore)gn 
d)rect )nvestment (FDI) )n Türk)ye over the per)od 1990–2024. The ARDL bounds test 
conf)rmed the ex)stence of a long-run equ)l)br)um relat)onsh)p between FDI, econom)c growth, 
employment, and )nflat)on, val)dat)ng the appropr)ateness of the chosen methodology )n the 
presence of m)xed )ntegrat)on orders. The stab)l)ty d)agnost)cs, supported by CUSUM and 
CUSUM of Squares tests, )nd)cated that the est)mated model )s dynam)cally stable and robust 
to structural shocks, desp)te the s)gn)f)cant macroeconom)c fluctuat)ons exper)enced dur)ng the 
sample per)od. 
The long-run est)mat)on results reveal that econom)c growth exerts a pos)t)ve and stat)st)cally 
s)gn)f)cant effect on FDI )nflows, cons)stent w)th the theoret)cal expectat)ons of both 
neoclass)cal and endogenous growth models (Solow, 1956; Romer, 1986). Th)s f)nd)ng supports 
the argument of Borenszte)n et al. (1998) that h)gher growth prospects enhance a host country’s 
absorpt)ve capac)ty and market potent)al, thereby attract)ng fore)gn cap)tal. S)m)lar ev)dence 
was reported by Uğurlu (2024), who )dent)f)ed GDP growth as a key dr)ver of FDI )n Türk)ye, 
and by El)mam and Alattas (2025), who found a comparable pos)t)ve relat)onsh)p )n the Saud) 
Arab)an context. These results h)ghl)ght the )mportance of susta)n)ng growth-or)ented pol)c)es 
to strengthen Türk)ye’s )nvestment cl)mate. 
Employment also emerged as a pos)t)ve determ)nant of FDI )n the long run, )nd)cat)ng that labor 
market )mprovements contr)bute to )nvestment attract)veness. Th)s outcome )s )n l)ne w)th the 
argument that stable employment not only prov)des a rel)able labor force but also expands the 
domest)c consumer base, enhanc)ng prof)tab)l)ty for fore)gn )nvestors. Wh)le Menc)nger (2003) 
emphas)zed potent)al adverse labor market effects of FDI due to f)rm d)splacement, the f)nd)ngs 
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of th)s study suggest that, )n Türk)ye’s case, employment dynam)cs have re)nforced the 
)nvestment cl)mate. Comparable ev)dence can be found )n F)tr)yan) and Andr)an (2024) for 
Indones)a, where labor market cond)t)ons were shown to s)gn)f)cantly )nfluence fore)gn 
)nvestment dec)s)ons. 
Conversely, )nflat)on exh)b)ted a negat)ve and s)gn)f)cant long-run )mpact on FDI, wh)ch al)gns 
w)th the class)cal v)ew that macroeconom)c )nstab)l)ty deters cap)tal )nflows by )ncreas)ng 
uncerta)nty and erod)ng real returns (Mundell, 1963; Tob)n, 1965). Th)s result )s cons)stent w)th 
Uğurlu (2024), who found )nflat)on to be a key )mped)ment to FDI )n Türk)ye, and Zaharum et 
al. (2024), who reported a s)m)lar adverse effect )n the Malays)an economy. Although the 
est)mated coeff)c)ent )s relat)vely small )n magn)tude, )ts stat)st)cal s)gn)f)cance underscores the 
necess)ty of ensur)ng pr)ce stab)l)ty as a prerequ)s)te for attract)ng and susta)n)ng fore)gn 
)nvestment. 
Taken together, the results conf)rm that strong econom)c growth, stable labor market cond)t)ons, 
and low )nflat)on are fundamental to foster)ng FDI )n Türk)ye. These f)nd)ngs resonate w)th the 
broader l)terature emphas)z)ng the role of macroeconom)c stab)l)ty, )nst)tut)onal capac)ty, and 
global)zat)on )n shap)ng )nvestment patterns (Bozkurt, 2024; Değ)rmenc) et al., 2024; Ateş & 
Arslan, 2025). The error correct)on mechan)sm further )nd)cates that dev)at)ons from long-run 
equ)l)br)um are corrected relat)vely qu)ckly, suggest)ng that fore)gn )nvestment )n Türk)ye )s 
h)ghly respons)ve to macroeconom)c fundamentals. 
From a pol)cy perspect)ve, the ev)dence h)ghl)ghts three key )mpl)cat)ons. F)rst, susta)n)ng h)gh 
and stable GDP growth should rema)n a pr)or)ty, as )t s)gnals market potent)al to fore)gn 
)nvestors. Second, labor market reforms a)med at )ncreas)ng employment and reduc)ng 
)nformal)ty may further enhance Türk)ye’s attract)veness to mult)nat)onal enterpr)ses. Th)rd, 
str)ct ant)-)nflat)onary measures and cred)ble monetary pol)cy frameworks are essent)al to 
reduce uncerta)nty and ma)nta)n )nvestor conf)dence. Overall, the results of th)s study contr)bute 
to the emp)r)cal l)terature by prov)d)ng updated ev)dence on the determ)nants of FDI )n Türk)ye 
and conf)rm that sound macroeconom)c management )s )nd)spensable for leverag)ng fore)gn 
)nvestment as a dr)ver 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 

Nazm$ye Tekdem$r1 Abdulkad$r Bulut2  

ABSTRACT  
Energy poverty *s a mult*d*mens*onal problem that refers to households' *nab*l*ty to access bas*c modern energy serv*ces, such 
as clean cook*ng fuels and technolog*es, or the*r *nab*l*ty to afford these serv*ces. Government pol*c*es, part*cularly publ*c 
spend*ng, address energy poverty by fund*ng clean energy solut*ons to m*t*gate health and env*ronmental external*t*es. Th*s 
study exam*nes the relat*onsh*p between publ*c spend*ng and energy poverty *n 96 emerg*ng and low-*ncome econom*es from 
2000 to 2022, controll*ng for GDP per cap*ta and *ndustr*al*zat*on. Energy poverty *s measured by access to clean fuels and 
technolog*es for cook*ng (% of populat*on), and publ*c spend*ng *s prox*ed by general government f*nal consumpt*on 
expend*ture (% of GDP). We apply the Method of Moments Quant*le Regress*on (MMQR) to assess the var*ed *mpacts of 
publ*c spend*ng across countr*es w*th d*ffer*ng energy poverty levels. Unl*ke mean-based regress*on, MMQR captures 
heterogeneous effects across the full d*str*but*on, offer*ng robust, pol*cy-relevant *ns*ghts desp*te heteroscedast*c*ty and non-
normal*ty *n the data. F*nd*ngs reveal a non-l*near, *nverted U-shaped relat*onsh*p between publ*c spend*ng and energy poverty 
across all quant*les. In*t*al government spend*ng s*gn*f*cantly reduces energy poverty, but w*th d*m*n*sh*ng returns. Th*s *mpact 
*s strongest *n the most energy-depr*ved countr*es, where publ*c spend*ng y*elds the greatest marg*nal benef*t. Wh*le the effect 
weakens as energy poverty decl*nes, *t rema*ns stat*st*cally s*gn*f*cant. H*gher *ncome levels cons*stently reduce energy 
poverty, conf*rm*ng the *mportance of econom*c development, w*th stronger effects observed *n h*gh-energy poverty contexts. 
In contrast, *ndustr*al*zat*on shows no s*gn*f*cant effect, suggest*ng *t does not d*rectly contr*bute to *mproved household 
energy access. These f*nd*ngs emphas*ze the effect*veness of targeted publ*c spend*ng, part*cularly *n contexts of extreme 
energy poverty. However, d*m*n*sh*ng returns *nd*cate that, beyond a certa*n threshold, complementary strateg*es -such as 
*mprov*ng pol*cy eff*c*ency, leverag*ng pr*vate *nvestment, and enhanc*ng *nst*tut*onal capac*ty -are essent*al for susta*ned 
progress. 

Keywords: Energy Poverty, Government S*ze, Publ*c Consumpt*on Expend*tures, Emerg*ng and Low-Income Econom*es, 
MMQREG 

 
ENERJİ YOKSULLUĞU İLE KAMU KESİMİ BÜYÜKLÜĞÜ ARASINDAKİ İLİŞKİ: 

YÜKSELEN PİYASALAR VE DÜŞÜK GELİRLİ EKONOMİLER ÜZERİNE BİR 
ANALİZ 

ÖZ  

Enerj* yoksulluğu, hanehalklarının tem*z p*ş*rme yakıtları ve teknoloj*ler* g*b* temel modern enerj* h*zmetler*ne er*şememes* 
veya bunları karşılayamaması durumunu *fade eden çok boyutlu b*r sorundur. Kamu pol*t*kaları, özell*kle kamu harcamaları, 
sağlık ve çevresel dışsallıkları azaltmak amacıyla tem*z enerj* çözümler*n*n f*nansmanını sağlayarak enerj* yoksulluğunu 
haf*fletmey* hedefler. Bu çalışma, 2000–2022 dönem*nde 96 yükselen p*yasa ve düşük gel*rl* ekonom*de kamu harcamaları *le 
enerj* yoksulluğu arasındak* *l*şk*y*, k*ş* başına düşen GSYH ve sanay*leşme düzey*n* kontrol ederek *ncelemekted*r. Enerj* 
yoksulluğu, p*ş*rme *ç*n tem*z yakıt ve teknoloj*lere er*ş*m oranı (% nüfus) *le ölçülürken, kamu harcamaları genel devlet n*ha* 
tüket*m harcamalarının GSYH *ç*ndek* payı *le tems*l ed*lm*şt*r. Farklı enerj* yoksulluğu düzeyler*ndek* ülkelerde kamu 
harcamalarının etk*ler*n* değerlend*rmek *ç*n Momentler Yöntem* Kuant*l Regresyonu (MMQR) kullanılmıştır. Ortalama 
temell* modeller*n aks*ne, MMQR dağılımın tamamındak* heterojen etk*ler* yakalayarak daha sağlam pol*t*ka sonuçları 
sunmaktadır. Bulgular, kamu harcamaları *le enerj* yoksulluğu arasında doğrusal olmayan, ters U b*ç*m*nde b*r *l*şk* olduğunu 
göstermekted*r. Kamu harcamaları başlangıçta enerj* yoksulluğunu öneml* ölçüde azaltmakta, ancak etk*s* azalan get*r*ler 
serg*lemekted*r. Bu etk*, enerj* yoksulluğunun en yüksek olduğu ülkelerde en güçlü düzeyded*r. K*ş* başına gel*r artışı enerj* 
yoksulluğunu azaltırken, sanay*leşmen*n anlamlı b*r etk*s* bulunmamıştır. Sonuçlar, kamu harcamalarının enerj* yoksulluğuyla 
mücadelede etk*l* olduğunu, ancak bel*rl* b*r eş*ğ*n ötes*nde sürdürüleb*l*r *lerleme *ç*n pol*t*ka etk*nl*ğ*, özel yatırımlar ve 
kurumsal kapas*te artışının gerekl*l*ğ*n* vurgulamaktadır. 

Anahtar Kel-meler: Enerj6 Yoksulluğu, Kamu Kes6m6 Büyüklüğü, Kamu Tüket6m Harcamaları, Yükselen ve 
Düşük Gel6rl6 Ekonom6ler, Momentler Yöntem6 Kuant6l Regresyonu 
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INTRODUCTION 
Energy poverty )s a mult)d)mens)onal problem character)sed by households' )nab)l)ty to access 
or afford bas)c energy serv)ces (Nguyen & Nas)r, 2021). Th)s s)tuat)on )s not l)m)ted to 
)nsuff)c)ent access to electr)c)ty; )t also )ncludes def)c)enc)es such as )nab)l)ty to use clean fuel 
and cook)ng technolog)es, )nab)l)ty to purchase energy serv)ces due to )nsuff)c)ent )ncome, and 
)nab)l)ty to afford bas)c serv)ces such as heat)ng, cool)ng, and l)ght)ng (González-Egu)no, 2015; 
Day et al., 2016). Wh)le the problem )n develop)ng and underdeveloped countr)es stems 
pr)mar)ly from )nadequate energy )nfrastructure, )n developed countr)es, low-)ncome levels 
l)m)t households' access to energy serv)ces desp)te the ex)stence of )nfrastructure (Erdoğdu, 
2020). Therefore, energy poverty )s not merely a techn)cal )nfrastructure )ssue but )s cons)dered 
a mult)faceted soc)al problem that must be addressed )n terms of )ts econom)c, soc)al, and 
env)ronmental d)mens)ons (Dem)r & Kuveloğlu, 2023). 
Wh)le no s)ngle def)n)t)on of energy poverty has ga)ned un)versal acceptance, a common 
perspect)ve frames )t as the )nab)l)ty of households to sat)sfy the)r essent)al energy needs 
(Thomson, 2016). Energy poverty stems from var)ous factors, )nclud)ng l)m)ted access to 
modern fuels, h)gh energy costs, low-)ncome levels, and )nadequate hous)ng )nsulat)on 
(Erdoğdu, 2020). These factors d)rectly affect energy consumpt)on, health, educat)on, 
product)v)ty, and overall qual)ty of l)fe, further deepen)ng soc)al )nequal)t)es (Moss et al., 2014). 
Three ma)n methods stand out )n the l)terature for assess)ng energy poverty: technolog)cal 
threshold, phys)cal threshold, and econom)c threshold (Pachaur) & Spreng, 2011). The 
technolog)cal threshold method )s based on the percentage of the populat)on w)thout access to 
modern energy serv)ces, wh)le the phys)cal threshold approach class)f)es households that use 
energy below a certa)n level as poor. The econom)c threshold approach, on the other hand, states 
that energy poverty ar)ses when energy expend)tures exceed a certa)n percentage of household 
)ncome (González-Egu)no, 2015). In th)s context, three d)fferent measurement methods are 
used: quant)tat)ve techn)ques, expend)ture methods, and consensus methods based on 
subject)ve statements (Thomson, 2016). Recent research shows that access to clean cook)ng 
fuels, modern technolog)es, and electr)c)ty are the most appropr)ate cr)ter)a for global 
compar)sons (Awawory) Church)ll & Smyth, 2020). 
Government pol)c)es and publ)c )n)t)at)ves play a part)cularly )mportant role among the factors 
contr)but)ng to energy poverty. Rural electr)f)cat)on )n)t)at)ves )n Braz)l (Pere)ra et al., 2010) 
and the Bono Soc)al de Electr)c)dad program )n Spa)n (Alvarez & Tol, 2021) have shown 
vary)ng degrees of effect)veness, wh)le Sovacool (2015) has shown that the Warm Front 
program )n the Un)ted K)ngdom has reduced energy poverty for m)ll)ons of households. On the 
other hand, Okush)ma (2017) h)ghl)ghts that energy poverty )ncreased among the most 
vulnerable populat)on groups )n Japan follow)ng the Fukush)ma nuclear d)saster. These 
examples show that )nst)tut)onal structure and context can have a s)gn)f)cant )mpact on the 
susta)nab)l)ty and effect)veness of government pol)c)es. 
Publ)c spend)ng, a fundamental component of f)scal pol)cy, has produced confl)ct)ng results )n 
terms of )ts )mpact on soc)al welfare and econom)c growth. Wh)le )t has been shown that 
)ncreased publ)c spend)ng )n small countr)es boosts econom)c growth (Bahal et al., 2018), )t has 
also been demonstrated that excess)ve spend)ng d)scourages pr)vate )nvestment and has a 
negat)ve )mpact on econom)c development (Kand)l, 2017). These confl)ct)ng results ra)se the 
poss)b)l)ty that publ)c spend)ng may have a non-l)near effect on energy poverty (Nguyen & 
Sch)nckus, 2020). Another )mportant d)mens)on of energy poverty )s the role of publ)c 
expend)ture )n shap)ng )ncome d)str)but)on, s)nce reduc)ng )nequal)t)es enhances equ)table 
access to energy serv)ces and f)scal pol)cy serves as a key )nstrument for ach)ev)ng th)s outcome 
(Crudu, 2015). However, )nst)tut)onal structures s)gn)f)cantly affect the effect)veness of publ)c 
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spend)ng. Th)s s)tuat)on h)ghl)ghts the need to evaluate f)scal pol)c)es not only )n terms of 
quant)tat)ve )nd)cators but also )n terms of )nst)tut)onal capac)ty (Nguyen et al., 2018). 
Wh)le energy poverty emerges as a mult)d)mens)onal )ssue encompass)ng techn)cal, econom)c, 
and soc)al d)mens)ons, government )ntervent)on—part)cularly through government spend)ng—
can serve as a cr)t)cal )nstrument )n address)ng )t. Yet, global-scale emp)r)cal ev)dence on how 
government spend)ng )nfluences energy poverty rema)ns l)m)ted, and )n many develop)ng 
econom)es concerns about the effect)veness of such spend)ng pers)st. Th)s study seeks to narrow 
that gap by emp)r)cally exam)n)ng the relat)onsh)p between government expend)ture and energy 
poverty across 96 emerg)ng market and low-)ncome countr)es over the per)od 2000–2022, 
employ)ng the Method of Moments Quant)le Regress)on (MMQR) approach. 
The rest of the paper f)rst rev)ews the emp)r)cal l)terature on energy poverty. In the appl)cat)on 
part of the study, the data and model are f)rst )ntroduced, followed by the methodology and 
f)nd)ngs. F)nally, the study )s completed w)th the conclus)on. 

1. SELECTED SUMMARY LITERATURE 
The relat)onsh)p between government expend)ture and energy poverty has been exam)ned )n 
the publ)c f)nance l)terature through var)ous theoret)cal frameworks (Nguyen & Su, 2022). 
Adopt)ng a Keynes)an perspect)ve, )t )s accepted that government expend)tures can ra)se the 
)ncome level of households by st)mulat)ng econom)c growth and thus expand the)r access to 
energy. From a R)card)an perspect)ve, )t )s assumed that government expend)tures do not have 
a d)rect )mpact on energy poverty because )nd)v)duals cons)der the future tax burden and shape 
the)r consumpt)on and sav)ng dec)s)ons accord)ngly. These theoret)cal d)fferences are one of 
the ma)n reasons why emp)r)cal stud)es on energy poverty reveal d)vergent results. 
Nguyen & Su (2022) exam)ned how publ)c expend)tures )mpact energy poverty across 56 
develop)ng countr)es. In the)r study, energy poverty )s assessed by access to clean fuels, 
technology, and electr)c)ty )n rural and urban areas. A two-stage system GMM est)mator was 
used )n panel data analys)s, w)th robustness tests appl)ed. Results )nd)cate publ)c expend)tures 
reduce energy poverty up to a threshold, beyond wh)ch negat)ve effects may occur. Moreover, 
)nst)tut)onal qual)ty (corrupt)on control, rule of law, and pol)t)cal stab)l)ty) plays a dec)s)ve role, 
as )ts )nfluence )s transm)tted through channels such as econom)c development and )ncome 
)nequal)ty. 
Bousn)na & Gabs) (2023) exam)ned Sub-Saharan Afr)can countr)es from 2006 to 2020 and 
found a non-l)near l)nk between government spend)ng and energy poverty, wh)ch becomes 
s)gn)f)cant at a GDP threshold of about 17.65%. Beyond th)s level, add)t)onal expend)ture was 
shown to worsen energy poverty by w)den)ng )ncome )nequal)ty. The study stresses careful 
spend)ng management and determ)n)ng opt)mal expend)ture levels for pol)cymakers. 
D)mnwob) et al. (2023) exam)ned the )mpact of government cap)tal expend)tures on energy 
poverty )n N)ger)a. The study used annual data from 1990 to 2020, and appl)ed methods based 
on the Bayer-Hanck co)ntegrat)on test and the ARDL bounds test. The analys)s results reveal 
that publ)c cap)tal expend)tures )ncrease energy poverty rather than reduce )t. Spec)f)cally, 
government )nvestments negat)vely affect electr)c)ty access, urban electr)c)ty consumpt)on, 
renewable energy use, and renewable electr)c)ty product)on, wh)le prov)d)ng a stat)st)cally 
)ns)gn)f)cant but pos)t)ve contr)but)on to rural electr)c)ty consumpt)on. 
L)u & Wang (2024) exam)ned the effects of government expend)tures, )ncent)ves and supply 
cha)ns on reduc)ng energy poverty through Poverty Reduct)on Projects )mplemented )n Ch)na. 
The study uses the Ch)nese Household Survey data for the per)od 2010-2018 and analyses w)th 
a h)gh-d)mens)onal f)xed effects model. The f)nd)ngs show that government pol)c)es reduce 
household energy poverty by about 6.3%, )ncreas)ng )ncome and promot)ng the use of clean 
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energy, espec)ally )n reg)ons w)th h)gh )nsolat)on potent)al. It )s also emphas)zed that 
government expend)ture and f)nanc)al )ncent)ves strengthen pr)vate sector part)c)pat)on, wh)le 
eff)c)ent supply cha)ns reduce costs and )ncrease the susta)nab)l)ty of projects. 
Xu & Xu (2025) analysed 30 Ch)nese prov)nces (2005–2021) from a non-l)near perspect)ve 
and, us)ng a nonparametr)c add)t)ve model, found that publ)c expend)ture )n)t)ally allev)ates 
energy poverty but that th)s effect weakens over t)me. Besn)l) Mem)ş & Aydın (2025) 
)nvest)gated the )nd)rect role of publ)c spend)ng and )nflat)on )n 32 emerg)ng econom)es, 
apply)ng panel GMM and 3SLS methods. The)r results )nd)cate that wh)le government 
expend)ture serves as an )mportant )nstrument )n m)t)gat)ng energy poverty, )nflat)on worsens 
)t. S)m)larly, Xu (2025) constructed an energy poverty )ndex for 30 Ch)nese prov)nces and, 
through a spat)al quant)le model, showed that energy poverty )s geograph)cally clustered and 
that publ)c spend)ng cons)stently reduces )t across prov)nces. 
Overall, the emp)r)cal l)terature cons)stently po)nts to a cond)t)onal relat)onsh)p between 
government expend)ture and energy poverty. To the extent that government expend)tures 
support econom)c growth and fac)l)tate households' access to energy, they generate pos)t)ve 
results, but excess)ve and unbalanced government expend)tures may l)m)t th)s effect. Therefore, 
keep)ng government expend)tures at an opt)mal level and d)rect)ng them to effect)ve areas 
stands out as a cr)t)cal pol)cy tool for tackl)ng energy poverty. 
 

2. EMPIRICAL APPLICATION 
2.1. Data and Model 
Th)s study exam)nes how government spend)ng affects energy poverty across 96 emerg)ng 
market and low-)ncome econom)es from 2000 to 2022. Energy poverty )s prox)ed by the share 
of the populat)on w)th access to clean cook)ng fuels and technolog)es, where h)gher values 
)nd)cate lower poverty. Government spend)ng )s measured by general government f)nal 
consumpt)on expend)ture as a percentage of GDP. To capture potent)al non-l)near effects, the 
square of government s)ze )s )ncluded )n the model. Real GDP per cap)ta (2015 constant USD) 
and )ndustr)al)zat)on are added as control var)ables, w)th all data drawn from the World Bank’s 
World Development Ind)cators (2025). 
Tablo 1. Var-ables and sources 

Symbol Var-ables Desc-pt-on  
lnenpov Energy Poverty Access to clean fuels and technolog6es for cook6ng (% 

of populat6on) 

lngov Government s6ze General government f6nal consumpt6on expend6tures (% 
of GDP) 

lngov2 Government s6ze squared The square of general government f6nal consumpt6on 
expend6tures (% of GDP) 

lngdp GDP per cap6ta GDP per cap6ta (constant 2015 US$) 

ln-nd 6ndustr6al6zat6on Industry (6nclud6ng construct6on), value added (% of 
GDP) 

Note: All var-ables are transformed -nto the-r natural logar-thm-c form (ln) pr-or to est-mat-on. 
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Table 2 shows the descr)pt)ve stat)st)cs of the var)ables )n the study, wh)le Table 3 presents the 
correlat)on matr)x. 
Table 2. Descr-pt-ve stat-st-cs 

Var-ables  Obs  Mean  Std. Dev.  M-n  Max  Skew.  Kurt. 
 lnenpov 2208 3.491 1.536 -2.303 4.605 -1.615 4.755 
 lngov 2208 2.645 0.414 0.722 4.995 0.45 6.227 
 lngov2 2208 7.169 2.302 0.521 24.954 1.71 12.307 
 lngdp 2208 8.04 1.104 5.536 11.13 0.149 2.55 
 ln6nd 2208 3.257 0.417 1.583 4.44 -0.193 3.563 

Source: Prepared by the authors. 
 
Table 3. Matr-x of correlat-ons 

  Var6ables   (1)   (2)   (3)   (4)   (5) 

 (1) lnenpov 1.000 
 (2) lngov 0.184 1.000 
 (3) lngov2 0.140 0.986 1.000 
 (4) lngdp 0.746 0.279 0.240 1.000 
 (5) ln6nd 0.331 -0.121 -0.137 0.231 1.000 

Source: Prepared by the authors. 

In th)s framework, the model spec)f)cat)on based on th)s study )s shown )n Equat)on 1. 
 
lnenpovit	 = 	λ	 + 	ß1	lngovit	 + 	ß2	lngov2it	 + 	ß3	lngdpit	 + 	ß4	lnindit	 + 	Ɛit		 (1) 

 
Where J is the constant term, ß1, ß2, ß3 and ß4 are the coefficients of the relevant variables. t and 
i represent the time dimension and cross-sectional units, respectively, while Ɛit is the error term. 
2.2. Methodology 

Th)s study emp)r)cally analyses the )mpact of government s)ze on energy poverty. Work)ng w)th 
a large sample of 96 countr)es necess)tates a more expl)c)t and deta)led presentat)on of these 
heterogeneous effects. For th)s purpose, the Method of Moments Quant)tat)ve Regress)on 
(MMQR) method )s used. However, before proceed)ng w)th the MMQR method, some pre-tests 
were appl)ed to determ)ne the character)st)cs of the ser)es to be used )n the analys)s and to ver)fy 
the cho)ce of method. In th)s context: 
- Normal)ty Test: One of the bas)c assumpt)ons of the MMQR method )s that the ser)es do not 
follow a normal d)str)but)on. Therefore, Shap)ro-W)lk W test was appl)ed to evaluate whether 
the ser)es conform to normal d)str)but)on. 
- Slope Homogene)ty Test: Slope homogene)ty test was performed to determ)ne whether the 
slope coeff)c)ents are homogeneous )n the panel data set. 
- Hor)zontal Sect)on Dependence Test: Pesaran (2004) CD test was appl)ed to detect poss)ble 
dependence relat)onsh)ps among panel un)ts. 
-Un)t Root Test: Cons)der)ng the presence of hor)zontal cross-sect)on dependence, Pesaran 
(2007) CIPS test, wh)ch )s the second-generat)on panel un)t root test, )s appl)ed. 
Co)ntegrat)on Test: Westerlund (2007) bootstrap panel co)ntegrat)on test, one of the second-
generat)on panels co)ntegrat)on tests, was appl)ed to determ)ne the long-run relat)onsh)ps 
between the var)ables. 
- Bas)c Est)mat)on Method: After the prel)m)nary tests, the Method of Moments Quant)tat)ve 
Regress)on (MMQR) method was used to analyse the effects of government s)ze on energy 
poverty by tak)ng heterogene)ty )nto account. 
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The Moment Method Quant)tat)ve Regress)on (MMQR) developed by Machado & S)lva (2019) 
)s used to exam)ne the effect of the lngov and lngov2 var)ables on lnenpov )n d)fferent cantons. 
The key strength of the MMQR approach )s )ts ab)l)ty to capture how explanatory factors 
)nfluence d)fferent po)nts of the cond)t)onal d)str)but)on. Th)s approach reveals d)str)but)onal 
asymmetr)es that are often overlooked by trad)t)onal l)near methods. Add)t)onally, the MMQR 
techn)que )s robust to non-l)near structures and dev)at)ons from normal d)str)but)on, mak)ng )t 
part)cularly su)table for data sets that v)olate the assumpt)ons of l)near regress)on 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 
`/(a|c) is shown in equation (2) below. 

"%! = K% + c%!0 $	 + (d% 	+ e%!0 	f)g%!                                                                                                          (2) 
In Equation (2), "%! is the dependent variable vector and c%! is the matrix of independent 
variables. (K,ß, θ, γ) are the parameters to be estimated; K% 	and d% 	denote individual fixed 
effects. e%!0  and c%!0 	represent an n-dimensional vector of known and differentiable components. 
g%! ,	is the stochastic error term not associated with 	c%!	and is normalised to satisfy moment 
conditions as shown in the figure below: 
h(g%!) = 0, h(|g%!|) = 1																																																																																																																																							(3)	
The conditional quantile representation of the model is expressed in its final form as follows. 

`/(a|c) = iK% + d%F(a)j + c%!0 $ + e%!0 fF(a)                                                                                       (4) 

K% + d%F, is the scalar coefficient representing the distributional effect in the (a)	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. Shap-ro-W-lk W test for normal data   

Var6able  Obs W V z Prob>z 

lnenpov  2,208 0.769 300.177 14.563 0.000 
lngov  2,208 0.963 47.952 9.880 0.000 
lngov2  2,208 0.901 128.814 12.403 0.000 
lngdp  2,208 0.989 14.499 6.827 0.000 
ln6nd  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 homogene-ty test 
Slope homogeneity tests Stat. p-value  
Delta 40.114 0.000 

adj.  46.056 0.000 

Note: H₀ 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 analys-s 

Var-able CD-test p-value 

lnenpov  121.856            0.000 

lngov  28.753            0.000 

lngov2  29.031            0.000 

lngdp  191.534            0.000 

ln-nd  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. Un-t Root Test (CIPS) 

Var/ables At level 
Intercept 

At f/rst d/ff. 
Intercept 

lnenpov  -1.792 -2.693*** 
lngov  -1.872 -4.116*** 
lngdp  -1.870 -3.272*** 
ln/nd  -1.998 -4.165 

Note: ***, **, * denote stat-st-cal s-gn-f-cance at the 1%, 5%, and 10% levels, respect-vely. 

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 co-ntegrat-on 
Stat-st-c 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 
lngov, lngov2, lngdp and lnind variables on lnenpov 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 lnenpov. 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 (τ=0.25) Q50 (τ=0.50) Q75 (τ=0.75) Q90 (τ=0.90) 

lngov  1.530*** 
(5.230) 

-0.327* 
(-1.910) 

1.851*** 
(5.230) 

1.554*** 
(5.270) 

1.249*** 
(4.010) 

1.049*** 
(2.900) 

lngov2  -0.287*** 
(-5.080) 

0.064** 
(1.950) 

-0.350*** 
(-5.120) 

-0.292*** 
(-5.120) 

-0.231*** 
(-3.850) 

-0.192*** 
(-2.750) 

lngdp  0.823*** 
(22.460) 

-0.062*** 
(-2.900) 

0.884*** 
(19.930) 

0.828*** 
(22.400) 

0.770*** 
(19.720) 

0.732*** 
(16.130) 

lnind  -0.032 
(-0.540) 

0.027 
(0.770) 

-0.058 
(-0.810) 

-0.034 
(-0.570) 

-0.009 
(-0.140) 

0.007 
(0.100) 

_cons -5.015*** 
(-11.130) 

1.000*** 
(3.800) 

-5.997*** 
(-11.000) 

-5.087*** 
(-11.170) 

-4.154*** 
(-8.650) 

-3.543*** 
(-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. 

lngov* = (- or +) ß1 / 2.ß2                                                                                                                                                                                                                                    (5) 
 
In Equation (5), lngov* 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 lngov, lngov2, lngdp 
and lnind on lnenpov at different quantile levels along the conditional distribution. The findings 
show that lngov has a positive and significant coefficient, but the square of this effect (lngov2) 
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 (lngdp) 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 lnind 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. 
 
F-gure 1: MMQR parameter plot 

 

Figure 1 visualises the evolution of the coefficients obtained from MMQR estimates along the 
quantiles. The graphs show that the coefficients of government size (lngov) first increase and 
then decrease from low to high quantiles, whereas the coefficients of the square of government 
size (lngov2) 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 lngdp 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 lnind 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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İNSANİ GELİŞME ENDEKSİ GÖSTERGELERİNİN VERİ ODAKLI 
AĞIRLIKLANDIRILMASI: ENTROPİ, CRITIC, ECWM, MEREC VE LOPCOW 

YÖNTEMLERİNİN KARŞILAŞTIRMALI ANALİZİ 

Ceren DİRİK AYVAZ1 

ÖZ 

Bu çalışma, beş objekt6f ağırlıklandırma yöntem6n6 (ENTROPİ, CRITIC, ECWM, MEREC ve LOPCOW) 
karşılaştırmalı olarak 6ncelemekted6r. B6rleşm6ş M6lletler Kalkınma Programı (UNDP) tarafından gel6şt6r6len 
İnsan6 Gel6şme Endeks6 (İGE) ver6ler6nden yararlanılan çalışmada, ver6 odaklı ağırlıklandırma yöntemler6n6n 6nsan 
refahını ölçmedek6 potans6yel uygulamalarının araştırılması amaçlanmıştır. Anal6z, dört temel İGE gösterges6ne 
odaklanmaktadır: doğumda beklenen yaşam süres6, beklenen öğren6m süres6, ortalama öğren6m süres6 ve k6ş6 
başına düşen gayr6saf6 m6ll6 gel6r. Tüm göstergeler fayda yönel6ml6 olup, kapsam Avrupa B6rl6ğ6 ülkeler6 6le 
sınırlandırılmıştır. Elde ed6len ağırlıklar, TOPSIS tekn6ğ6 6le bütünleş6k olarak kullanılmış ve İGE’n6n eş6t ağırlık 
ve geometr6k ortalama esasına dayalı yaklaşımına alternat6f ülke sıralamaları oluşturulmuştur.  Bulgular, kr6ter 
ağırlıklarının yöntemlere göre farklılık gösterd6ğ6n6, CRITIC ve LOPCOW’un görece dengel6 ağırlık dağılımları 
üret6rken; MEREC, ECWM ve ENTROPİ’n6n daha yüksek değ6şkenl6k 6çeren, bel6rg6n ağırlık farklılıklarına yol 
açtığını ortaya koymaktadır. ENTROPİ, ECWM, MEREC arasında güçlü ve poz6t6f yönde 6l6şk6ler bulunması; 
buna karşılık CRITIC ve LOPCOW’un d6ğer yöntemlerle negat6f yönde 6l6şk6l6 olması, kr6ter önem6ne yönel6k 
değerlend6rmelerde yöntemsel yaklaşım farklılıklarının bel6rg6n olduğunu göstermekted6r. Genel olarak çalışma, 
objekt6f ağırlıklandırma tekn6kler6n6n metodoloj6k 6ncel6kler6n6 ve bunların sonuçlar üzer6ndek6 etk6ler6n6 6nsan6 
gel6ş6m ölçümü bağlamında ele alarak l6teratüre katkıda bulunmaktadır. Bulgular, İGE g6b6 küresel endeksler6n 
ver6 odaklı yöntemlerle yen6den değerlend6r6lmes6n6n gerekl6l6ğ6ne ışık tutmakta ve bu tür yöntemler6n pol6t6ka 
yapıcılara daha hassas ve gerçekç6 b6r değerlend6rme zem6n6 sunab6leceğ6ne 6şaret etmekted6r. 

Anahtar Kel-meler: Çok kr6terl6 karar verme, objekt6f ağırlıklandırma, 6nsan6 gel6şme endeks6. 

 
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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GİRİŞ 
1970’l) yıllardan önce “kalkınma” kavramı büyük ölçüde ekonom)k göstergeler – özell)kle k)ş) 
başına düşen gayr)saf) m)ll) gel)r – üzer)nden tanımlanmaktaydı (Chowdhury ve Squ)re, 2006). 
Güçlü ekonom)k altyapıya sah)p toplumlar yüksek düzeyde gel)şm)ş olarak kabul ed)l)rken, 
ekonom)k açıdan zayıf olanlar ger) kalmış olarak sınıflandırılmaktaydı. Ancak bu yaklaşım, 
ekonom)k merkezl) b)r bakış açısıyla sınırlı olması neden)yle eleşt)r)lm)ş (B)lbao-Ub)llos, 
2013) ve sağlık, eğ)t)m, çevre g)b) boyutları dışarıda bıraktığı )ç)n kalkınmayı eks)k, hatta k)m) 
zaman yanıltıcı b)ç)mde yansıttığı )ler) sürülmüştür (Omran) vd., 2020). Oysa )nsan) gel)şme, 
yalnızca ulusal gel)r düzeyler)ndek) artış veya azalışla açıklanamayacak kadar çok boyutlu b)r 
olgudur (Lee vd., 2006). 
Bu sınırlılığı aşmak amacıyla B)rleşm)ş M)lletler Kalkınma Programı (UNDP), ekonom)k 
performansın yanı sıra sağlık ve eğ)t)m unsurlarını da kapsayan daha bütüncül ve çok boyutlu 
b)r kalkınma anlayışı gel)şt)rm)şt)r. Söz konusu anlayış, )nsan) gel)şmen)n temel boyutları 
olarak kabul ed)lmekte ve )nsan gel)ş)m)ne özet b)r bakış açısı sunmaktadır (UNDP, 2025a). Bu 
yen) kavramsal çerçeve, b)r ülken)n kalkınma düzey)n) sağlık, eğ)t)m ve gel)r göstergeler)n)n 
b)rleş)m)yle değerlend)ren İnsan) Gel)şme Endeks) (İGE) adı altında b)leş)k b)r endeks olarak 
l)teratüre g)rm)şt)r. Her yıl yayımlanan İGE, üç temel boyut ve dört göstergeye dayanmaktadır: 
“uzun ve sağlıklı b)r yaşam” boyutu doğumda beklenen yaşam süres) gösterges)yle, “eğ)t)me 
er)ş)m” boyutu beklenen öğren)m süres) ve ortalama öğren)m süres) göstergeler)yle, “makul b)r 
yaşam standardı” boyutu )se k)ş) başına düşen gayr)saf) m)ll) gel)r gösterges)yle ölçülmekted)r. 
İGE, bu üç boyutun her b)r) )ç)n hesaplanan normalleşt)r)lm)ş endeksler)n geometr)k ortalaması 
olarak hesaplanmaktadır (bkz. UNDP, t.y.). 
Zaman )ç)nde İGE, )nsan refahını ölçmede en )y) b)l)nen ve yaygın olarak kullanılan araçlardan 
b)r) hal)ne gelm)ş olsa da (Greco vd., 2019; J)n vd., 2020) çeş)tl) eleşt)r)lere maruz kalmıştır. 
Bu eleşt)r)ler)n başında, endeks)n üç temel boyutuna (sağlık, eğ)t)m ve gel)r) ülkeler)n koşulları 
veya bu boyutların görel) önem) d)kkate alınmaksızın eş)t ağırlık ver)lmes) gelmekted)r (Kelley, 
1991; Chowdhury ve Squ)re, 2006; Lee vd., 2006; Tofall)s, 2013; Omran) vd., 2020). Eş)t 
ağırlıklandırma yaklaşımının yeterl) b)r gerekçeye dayanmaması, öneml) ve daha az öneml) 
göstergeler arasında ayrım yapma olanağını ortadan kaldırması ve aşırı bas)tleşt)r)lm)ş 
yöntemler)n b)lg) kaybına yol açab)leceğ) yönündek) görüşler, sıkça d)le get)r)len eleşt)r)ler 
arasındadır (Greco vd., 2019).  
İnsan) gel)şmen)n ölçülmes), pol)t)ka gel)şt)rme süreçler) üzer)nde potans)yel olarak güçlü b)r 
etk)ye sah)p olduğundan, bu ölçümün doğru ve ad)l b)r b)ç)mde gerçekleşt)r)lmes) büyük önem 
taşımaktadır (Mahlberg ve Oberste)ner, 2001). İGE g)b) b)leş)k )ndeksler, yapısal olarak Çok 
Kr)terl) Karar Verme (ÇKKV) problemler)n)n doğasıyla örtüştüğünden (Karag)ann)s ve 
Karag)ann)s, 2020), bu tür endeksler)n hesaplanmasında mümkün )se kr)terler)n gerçek önem)n) 
yansıtan ÇKKV temell) ağırlıklandırma yöntemler)n)n kullanılması öner)lmekted)r (Paruolo 
vd., 2013).  
ÇKKV problemler)nde kr)ter ağırlıkları, her b)r kr)ter)n görel) önem)n) tems)l ederek karar 
verme sürec)n)n sonucunu doğrudan etk)lemekted)r. Bu bağlamda, karmaşık karar verme 
ortamlarında objekt)f ağırlıklandırma yöntemler), subjekt)f yaklaşımlara kıyasla daha fazla 
tutarlılık, şeffaflık, tekrarlanab)l)rl)k ve daha az yanlılık sağlamaları neden)yle (Sul)st)an) vd., 
2024) g)derek daha fazla önem kazanmaktadır. Yukarıda bel)rt)lenlere )st)naden, bu çalışma, 
ENTROPİ, CRITIC, ECWM, MEREC ve LOPCOW olmak üzere beş objekt)f ağırlıklandırma 
yöntem)n) karşılaştırmalı olarak )ncelemekte ve elde ed)len ağırlıkları TOPSIS yöntem)yle 
bütünleşt)rerek, 2025 yılı İGE ver)ler) üzer)nden ülke sıralamaları oluşturmaktadır. Böylece, 
objekt)f ağırlıklandırma yöntemler)n)n )nsan refahının değerlend)r)lmes)ndek) potans)yel 
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uygulamaları araştırılmakta ve farklı ağırlıklandırma yaklaşımlarının İGE sonuçları üzer)ndek) 
etk)ler) ortaya konulmaktadır. 

1. LİTERATÜR 
L)teratürde, İGE göstergeler)n)n ağırlıklandırılması ve )nsan) gel)şm)şl)k performansının 
hesaplanmasında Ver) Zarflama Anal)z) (VZA) ve ÇKKV yöntemler)n)n kullanımının ön plana 
çıktığı görülmekted)r. Örneğ)n, kr)ter ağırlıklarının doğrudan ver) set)nden türet)lmes) 
gerekt)ğ)n) savunan Mahlberg ve Oberste)ner (2001), or)j)nal İGE göstergeler)n) kullanarak 174 
ülke )ç)n standart ve ağırlık kısıtlamalı VZA temell) İGE değerler)n) hesaplamıştır. Lee vd. 
(2006), İGE b)leşenler)n)n opt)mal ağırlıklarından yararlanarak Asya ve Pas)f)k bölges)ndek) 
27 ülken)n performansını bulanık çok amaçlı VZA model) aracılığıyla değerlend)rm)şt)r. Zhou 
vd. (2010) )se aynı örneklem üzer)nde yürüttükler) çalışmalarında, gösterge ağırlıklarını b)r d)z) 
çarpımsal VZA model)n)n çözümüyle elde etm)şt)r. 
ÇKKV tabanlı çalışmalara bakıldığında )se örneğ)n, Soltanpanah vd.’n)n (2010), boyut 
ağırlıklarını hesaplamak )ç)n ENTROPİ ve AHP, ülkeler) gel)şm)şl)kler)ne göre sıralamak )ç)n 
)se SAW, TOPSIS ve taksonom) anal)z) yöntemler)nden yararlandığı görülmekted)r. Yazarlar, 
ENTROPİ yöntem)nde en yüksek ağırlığa sah)p boyutun gel)r, AHP yöntem)nde )se eğ)t)m 
olduğunu bel)rlem)şt)r. Benzer şek)lde, Paksoy (2015) )nsan) gel)şm)şl)k göstergeler)ne eş)t 
ağırlık verd)ğ) çalışmasında, b)r)nc) aşamada sadece İGE göstergeler)n), )k)nc) aşamasında )se 
bu göstergelere ek olarak tanımladığı d)ğer b)leş)k göstergeler) d)kkate alarak Türk)ye ve 
Avrupa B)rl)ğ) ülkeler)n)n sıralamalarını VIKOR yöntem) )le anal)z etm)şt)r. 28 Avrupa B)rl)ğ) 
ülkes) ve Türk)ye üzer)nde gerçekleşt)rd)kler) çalışmalarında İGE göstergeler)yle b)rl)kte 
Avrupa Yaşam Kal)tes) Anket)’nden seç)len göstergeler) b)r arada değerlend)ren Orakçı ve 
Özdem)r (2017), göstergeler) ağırlıklandırmak )ç)n ENTROPİ ve CRITIC; ülkeler)n gel)şm)şl)k 
düzeyler)n) bel)rlemek )ç)n )se GRA ve MOORA yöntemler)n) kullanmıştır. Monte)ro vd. 
(2018), İGE’n)n üç boyutunu kullanarak ve tüm boyutların aynı ağırlığa sah)p olduğunu 
varsayarak 188 ülken)n İGE sınıflandırması )ç)n ELECTRE-TRI yöntem)n) kullanmıştır. Özcan 
ve Oktay (2020), ülkeler)n )nsan) gel)şme sınıflandırmasını UTADIS yaklaşımı )le 
gerçekleşt)rm)ş, gel)r kr)ter)n)n en yüksek öneme sah)p olduğunu bel)rlem)ş ve kr)ter 
ağırlıklarındak) değ)ş)mler)n ülkeler)n sınıflandırmasını da değ)şt)rd)ğ)n) )fade etm)şt)r. Omran) 
vd. (2020), İran’dak) şeh)rler) ele aldığı çalışmalarında İGE göstergeler)ne ek kr)terler 
tanımlamış ve şeh)rler)n gel)şm)şl)k düzeyler)n) değerlend)rmek amacıyla uzman görüşler)n)n 
de hesaba katıldığı BWM tabanlı MULTIMOORA yaklaşımını önerm)şt)r. J)n vd. (2020), 
İGE’n)n gel)şm)ş b)r vers)yonunu elde etmek amacıyla toplam 12 göstergeye dayandırdıkları 
çalışmalarında ENTROPİ yöntem)nden yararlanmıştır. Benzer şek)lde, Karag)ann)s ve 
Karag)ann)s (2020) ENTROPİ yaklaşımına dayalı İGE ağırlıklandırması üzer)ne b)r çerçeve 
önerm)ş ve 187 ülken)n İGE skorlarını yen)den hesaplamıştır. Altıntaş (2020), Doğu Avrupa 
bölges)nde yer alan Avrupa B)rl)ğ)’ne üye ülkeler)n İGE göstergeler)n) öncel)kle ENTROPİ 
yöntem) )le ağırlıklandırmış, ardından söz konusu ülkeler)n )nsan) gel)şm)şl)k düzeyler)n) 
ARAS ve EDAS yöntemler) )le hesaplanmıştır. Sonuçların UNDP’n)n İGE ver)ler) )le 
karşılaştırmalı olarak sunulduğu çalışmada k)ş) başına düşen gayr)saf) m)ll) gel)r en yüksek 
önem düzey)ne sah)p kr)ter olarak bel)rlenm)şt)r. Yılmaz ve Koca (2021), İGE ve özgürlük 
endeks) ver)ler)nden yararlanarak ARAS, SAW, MAUT ve Borda Sayım yöntemler) )le 148 
ülken)n )nsan) gel)şm)şl)k sıralamalarını karşılaştırmalı olarak )ncelem)şt)r. Toplam altı boyutun 
d)kkate alındığı çalışmada, boyutların eş)t ağırlıkta olduğu kabul ed)lm)şt)r. Arsu (2022), 
CRITIC ve COPRAS tekn)kler)n) bütünleş)k olarak kullanmış ve İGE göstergeler)ne ek olarak 
farklı kr)terler) de anal)ze dah)l etm)şt)r. BRICS ve MINT ülkeler)n)n ele alındığı çalışmada, 
ekonom)k büyüme oranı gösterges) en öneml) kr)ter olarak bel)rlenm)şt)r. Akyüz ve Çet)n 
(2022), öncel)kle Türk)ye’dek) 81 )l)n dört göstergeye dayalı or)j)nal İGE değerler)n) 
hesaplamış, sonrasında )se kr)ter ağırlıklarını eş)t kabul ederek VIKOR yöntem) )le 14 
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göstergen)n kullanıldığı alternat)f b)r İGE performans ölçümü önerm)şt)r. Kargı (2025), G-20 
ülkeler)n)n gel)şm)şl)k düzeyler)n) hesaplamak )ç)n objekt)f ağırlıklandırma yöntemler)nden 
MEREC tekn)ğ)n) EDAS yöntem) )le bütünleş)k b)r şek)lde kullanmıştır. Çalışmada, en yüksek 
ağırlığa sah)p kr)ter k)ş) başına düşen gayr)saf) m)ll) gel)r olarak bel)rlen)rken, bu kr)ter) 
sırasıyla doğumda beklenen yaşam süres), beklenen öğren)m süres) ve ortalama öğren)m süres) 
göstergeler) tak)p etm)şt)r.  
Sonuç olarak, objekt)f ağırlıklandırma yöntemler)n) kullanarak )ller)n/ülkeler)n )nsan) gel)şme 
düzeyler)n) değerlend)ren çalışmalar bulunmakla b)rl)kte, öncek) araştırmaların öneml) b)r 
kısmı, İGE’de olduğu g)b) tüm göstergelere eş)t ağırlık ver)lmes) varsayımını sürdürmekted)r. 
Ayrıca bu çalışmaların b)r bölümü, UNDP tarafından tanımlanan standart İGE boyutları yer)ne 
alternat)f ya da gen)şlet)lm)ş gösterge setler)n) kullanmakta ve metodoloj)k yapı çoğu zaman 
sınırlı düzeyde ele alınmaktadır. Bu çalışma )se, bu alandak) mevcut sınırlılığı g)dermey) 
amaçlayarak UNDP tarafından bel)rlenen or)j)nal İGE göstergeler)ne odaklanmakta ve beş 
farklı objekt)f ağırlıklandırma yöntem)n) (ENTROPİ, CRITIC, ECWM, MEREC ve 
LOPCOW) İGE ver) set) üzer)nde karşılaştırmalı olarak uygulayan )lk çalışmalardan b)r) olma 
özell)ğ)n) taşımaktadır. Böylece, İGE b)leşenler)n)n önem)n)n kullanılan yönteme göre nasıl 
değ)şt)ğ) karşılaştırmalı b)r çerçeveyle ortaya konulmaktadır. 

2. YÖNTEM 
Bu çalışmada, ağırlıkların hesaplanmasında ENTROPİ ve CRITIC g)b) yerleş)k objekt)f 
yöntemler)n yanı sıra, ECWM, MEREC ve LOPCOW g)b) görece yen) tekn)klerden 
yararlanılmış; elde ed)len ağırlıklar TOPSIS yöntem)yle bütünleş)k b)r şek)lde kullanılmıştır. 
TOPSIS’)n seç)lmes)n)n başlıca nedenler), yöntem)n kolay anlaşılır ve uygulanab)l)r b)r yapıya 
sah)p olması, güven)l)r sıralama sonuçları üretmes) (Mokhtar)an ve Had)-Vencheh, 2012), 
ağırlık setler)ndek) değ)ş)me duyarlılık göstermes) (L) vd., 2013), l)teratürde gen)ş b)r kullanım 
alanı bulması ve farklı ağırlıklandırma tekn)kler)ne entegre ed)leb)lmes) olarak sıralanab)l)r. 
2.1. ENTROPİ 
Objekt)f b)r ağırlıklandırma yöntem) olan ENTROPİ, )lk olarak Shannon (1948) tarafından b)lg) 
teor)s)ne kazandırılmıştır. B)lg) )çer)ğ) yüksek göstergeler) ön plana çıkaran bu yöntem, orta 
düzeyde b)r hesaplama süres) gerekt)rmekted)r (Ecer ve Pamucar, 2022). Bununla b)rl)kte, 
varyansa aşırı duyarlı olması ve değ)şkenler arası korelasyonu d)kkate almaması neden)yle, 
özell)kle değ)şkenler arasında yüksek korelasyonun bulunduğu durumlarda değerlend)rme 
sonuçları olumsuz etk)leneb)lmekted)r (Zafar vd. 2021). k alternat)f sayısını, ? kr)ter sayısını 
ve I%* l. kr)tere göre m. alternat)f)n aldığı değer) göstermek üzere ENTROPİ yöntem)nde 
uygulanan adımlar aşağıdak) g)b)d)r: 

ENTROPİ Adım 1: Karar matr)s) c = nI%*o1×3 eş)tl)k (1) kullanılarak normal)ze ed)l)r. 

I%*∗ =
+&$

∑ +&$'
&()

																																												∀	m, l                                             

(1)       
ENTROPİ Adım 2: Her b)r kr)tere a)t ENTROPİ değer), eş)tl)k (2) aracılığıyla elde ed)l)r. 

q* = −r∑ I%*∗ t?iI%*∗ j1
%'$ 																						r = $

63(1) 																		∀	l                                                     (2)                                  

ENTROPİ Adım 3: Kr)terler)n farklılaşma dereceler), eş)tl)k (3) )le bel)rlen)r. 
L* = 1 − q* 																																														∀	l                                                                                          (3)    

ENTROPİ Adım 4: ENTROPİ yöntem)n)n ağırlıkları (qu*) eş)tl)k (4) yardımıyla hesaplanır. 
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qu* =
9$

∑ 9*+
*()

																																										∀	l                                                                                         (4)   

2.2. CRITIC 
CRITIC, D)akoulak) vd.’n)n (1995) gel)şt)rd)ğ) objekt)f b)r kr)ter ağırlıklandırma yöntem)d)r. 
Hem varyasyonu hem de kr)terler arası korelasyonu eş zamanlı olarak d)kkate alan yöntem 
(Peng vd., 2020), orta düzeyde b)r hesaplama süres) )le karakter)ze ed)lmekted)r (Ecer ve 
Pamucar, 2022). CRITIC yöntem)nde uygulanan adımlar aşağıdak) g)b)d)r: 

CRITIC Adım 1.  Karar matr)s) c = nx:;o1×3 fayda kr)terler) )ç)n eş)tl)k (5) ve mal)yet kr)terler) 
)ç)n eş)tl)k (6) kullanılarak normal)ze ed)l)r.  

I%*∗ =
+&$#<:=>+&$?

<@AB>+&$?#<:=>+&$?
                            ∀	m, l                                                                                                  (5) 

I%*∗ =
<@AB>+&$?#+&$

<@AB>+&$?#<:=>+&$?
                             ∀	m, l                                                                                                     (6) 

CRITIC Adım 2. Korelasyon matr)s) M = nw*Co3+3 eş)tl)k (7) aracılığıyla oluşturulur. 

w*C =
∑ D+&$∗ #+-∗EEEF>+&*∗ #+*∗EEEE?'
&()

G∑ D+&$∗ #+-∗EEEF
.'

&() ∑ >+&*∗ #+*∗EEEE?
.'

&()
									∀	l, r                                                                                                     (7) 

CRITIC Adım 3. Her b)r kr)ter)n standart sapması eş)tl)k (8) )le bel)rlen)r. 

x* = y∑ D+&$∗ #+-∗EEEF
.'

&()
1                                       ∀	l                                                                                                           (8) 

CRITIC Adım 4. Eş)tl)k (9) kullanılarak b)lg) m)ktarı hesaplanır. 

z* =	x* ∑ i1 − w*Cj3
C'$                             ∀	l                                                                                                 (9) 

CRITIC Adım 5. CRITIC yöntem)n)n ağırlıkları (zu*) eş)tl)k (10) yardımıyla hesaplanır. 

zu* =
H$

∑ H*+
*()

                                             ∀	l                                                                                              (10)    

2.3. ECWM 
ENTROPİ yöntem)n)n sınırlılıklarını g)dermek amacıyla, ENTROPİ ve CRITIC tekn)kler)n)n 
b)rleş)m)ne dayanan ECWM, yen) b)r ağırlıklandırma atama yöntem) olarak Zafar vd. (2021) 
tarafından öner)lm)şt)r. ECWM yöntem)nde, ENTROPİ ve CRITIC yaklaşımlarından ayrı ayrı 
elde ed)len ağırlık setler) (qu* , zu*), f + $ = 1 olacak şek)lde eş)tl)k (11) kullanılarak 
b)rleşt)r)l)r ve böylece ECWM yöntem)n)n ağırlıkları (qzu*) hesaplanır: 

qzu* =
>IJK$LMHK$?

- 																															∀	l				                                                                                                    (11)    

2.4. MEREC 
Keshavarz-Ghorabaee vd. (2021) tarafından l)teratüre kazandırılan MEREC yöntem), b)r kr)ter 
anal)zden çıkarıldığında alternat)fler)n performans sonuçlarında meydana gelen değ)ş)m) 
ölçerek, etk)s) en yüksek olan değ)şkenler) tesp)t etmekte ve bu kr)terlere daha yüksek ağırlıklar 
atamaktadır. N)speten yen) b)r ağırlıklandırma yaklaşımı olan MEREC, karmaşık hesaplamalar 
gerekt)rmemes) sayes)nde öne çıkmaktadır (Ayan vd., 2023). Ancak yöntem)n, kr)ter set)nden 
her b)r kr)ter)n ayrı ayrı çıkarılarak tekrar tekrar hesaplama yapılmasını gerekt)rmes), özell)kle 
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kr)ter sayısının fazla olduğu durumlarda hesaplama yükünü c)dd) düzeyde artırab)lmekted)r. 
MEREC yöntem)nde uygulanan adımlar aşağıdak) g)b)d)r: 

MEREC Adım 1. Karar matr)s) c = nI%*o1×3 fayda kr)terler) )ç)n eş)tl)k (12) ve mal)yet 
kr)terler) )ç)n eş)tl)k (13) kullanılarak normal)ze ed)l)r.  

I%*∗ =
1%3>+&$?

+&$
                                                 ∀	m, l                                                                                                    (12) 

I%*∗ =
+&$

1NCO>+&$?
                                               ∀	m, l                                                                                                      (13) 

MEREC Adım 2. Eş)tl)k (14) yardımıyla her b)r alternat)f )ç)n genel performans değerler) (E%) 
hesaplanır. 

E% = t? 71 + {$3∑ |t?iI%*∗ j|3
*'$ }<         ∀	m                                                                                                         (14) 

MEREC Adım 3. Kr)ter set)nden her b)r kr)ter ayrı ayrı çıkarılarak alternat)fler)n performans 
değerler)ne (E%*0 ) ulaşılır. 

E%*0 = t? ~1 + �$3∑ |t?(I%C∗ )|3
C'$
CP*

ÄÅ     ∀	m, l                                                                                                      (15)     

MEREC Adım 4. Eş)tl)k (16) kullanılarak l. kr)ter)n)n kaldırılmasının etk)s) hesaplanır. 

wq* = ∑ |E%*0 − E%|1
%'$                                 ∀	l                                                                                                (16) 

MEREC Adım 5. MEREC yöntem)n)n ağırlıkları (ku*) eş)tl)k (17) yardımıyla hesaplanır. 

ku* =
QJ$

∑ QJ*+
*()

                                               ∀	l                                                                                                          (17)    

2.5. LOPCOW 
Ecer ve Pamucar (2022) tarafından gel)şt)r)len LOPCOW yöntem), ENTROPİ yöntem)ne 
kıyasla daha makul ağırlıklar üretmey) ve ver) boyutundan kaynaklanan farkları ortadan 
kaldırmayı vadetmekted)r. LOPCOW yöntem)nde uygulanan adımlar aşağıdak) g)b)d)r: 

LOPCOW Adım 1. Karar matr)s) c = nx:;o1×3 fayda kr)terler) )ç)n eş)tl)k (18) ve mal)yet 
kr)terler) )ç)n eş)tl)k (19) kullanılarak normal)ze ed)l)r. Normal)zasyon )şlem) CRITIC 
yöntem)yle aynıdır. 

I%*∗ =
+&$#<:=>+&$?

<@AB>+&$?#<:=>+&$?
                         ∀	m, l                                                                                     (18) 

I%*∗ =
<@AB>+&$?#+&$

<@AB>+&$?#<:=>+&$?
                          ∀	m, l                                                                                        (19) 

LOPCOW Adım 2. Eş)tl)k (20) kullanılarak her b)r kr)ter)n yüzde değerler)ne (percentage values 
– EÇ*) ulaşılır. 

EÇ* = É
Ét?

⎝

⎜
⎛R∑ 01&$

∗ 2
.'

&()
'
S$

⎠

⎟
⎞
∗ 100É

É              ∀l                                                                                                          (20) 

LOPCOW Adım 3. LOPCOW yöntem)n)n ağırlıkları (tu*) eş)tl)k (21) yardımıyla hesaplanır. 
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tu* =
&T$

∑ &T*+
*()

                                                 ∀	l                                                                                                          (21)    

 
2.6. TOPSIS 
TOPSIS, Hwang ve Yoon (1981) tarafından gel)şt)r)len b)r ÇKKV yöntem)d)r. TOPSIS 
yöntem)nde uygulanan adımlar aşağıdak) g)b)d)r: 

TOPSIS Adım 1. Karar matr)s) c = nI%*o1×3 eş)tl)k (22) kullanılarak normal)ze ed)l)r. 

I%*∗ =
+&$

G∑ +&$.'
&()

	                                              ∀	m, l                                                                                                 (22)    

TOPSIS Adım 2. Ağırlıklandırılmış normal)ze karar matr)s) eş)tl)k (23) yardımıyla bel)rlen)r.  
Ç%* = u*I%*∗ 	                                                      ∀	m, l                                                                                                      (23)    

TOPSIS Adım 3. ã fayda, ã0 mal)yet kr)terler)n) tems)l etmek üzere, poz)t)f ve negat)f )deal 
çözümler sırasıyla eş)tl)k (24) ve eş)tl)k (25) )le oluşturulur. 
K∗ = {(maks

%
Ç%* |l ∈ ã), (min

%
Ç%* |l ∈ ã0)|m = 1,2, … ,k} = {Ç$∗, Ç-∗, … , Ç3∗}                         (24) 

K# = {(min
%

Ç%* |l ∈ ã), (maks
%

Ç%* |l ∈ ã0)|m = 1,2, … ,k} = {Ç$#, Ç-#, … , Ç3#}                      (25) 

TOPSIS Adım 4. Her b)r alternat)f )ç)n eş)tl)k (26) )le poz)t)f, eş)tl)k (27) )le )se negat)f )deal 
çözüme olan uzaklıklar hesaplanır. 

ì%∗ = î∑ iÇ%* − Ç*∗j
-3

*'$                              ∀	m                                                                                         (26)    

ì%# = î∑ iÇ%* − Ç*#j
-3

*'$                              ∀	m                                                                                              (27)   
TOPSIS Adım 5. Her b)r alternat)f )ç)n eş)tl)k (28) kullanılarak )deal çözüme görel) yakınlık 
değer)ne (*%∗) ulaşılır. En yüksek *%∗ değer)ne sah)p olan alternat)f en )y) alternat)f olarak 
bel)rlen)r. 
*%∗ =

U&#
U&#LU&∗

                                                  ∀	m                                                                                    (28)   

3. BULGULAR 
Anal)z, dört temel İGE gösterges)ne odaklanmaktadır: doğumda beklenen yaşam süres), 
beklenen öğren)m süres), ortalama öğren)m süres) ve k)ş) başına düşen gayr)saf) m)ll) gel)r. Tüm 
göstergeler fayda yönel)ml) olup, anal)z kapsamı Avrupa B)rl)ğ) ülkeler) )le sınırlandırılmıştır. 
Ver)ler, İnsan) Gel)şm)şl)k Raporu 2025’ten (UNDP, 2025b) derlenm)ş olup, raporda yer alan 
)stat)st)kler 2023 yılını esas almaktadır. Çalışmada kullanılan objekt)f ağırlıklandırma 
yöntemler) farklı teor)k yaklaşımlara dayandığından, elde ed)len sonuçlar arasındak) )l)şk)y) 
)ncelemek amacıyla Pearson korelasyon katsayısı kullanılmıştır. Ayrıca, ECWM yöntem)yle 
ağırlıkların hesaplanmasında f = $ = 0,5 olarak bel)rlenm)şt)r. 
Tablo 1. Kr6ter ağırlıkları 

  Doğumda 
beklenen yaşam 

süresi 

Beklenen öğrenim 
süresi  

Ortalama 
öğrenim süresi  

Kişi başına düşen 
gayrisafi milli 

gelir 

Standart  
sapma 

ENTROPİ 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 
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ENTROPİ, CRITIC, ECWM, MEREC ve LOPCOW yöntemler) )le elde ed)len kr)ter ağırlıkları 
Tablo 1’de ver)lm)şt)r. Buna göre, ENTROPİ, ECWM ve MEREC yöntemler)nde k)ş) başına 
düşen gayr)saf) m)ll) gel)r kr)ter)n)n baskın şek)lde ön plana çıktığı görülmekted)r. Buna 
karşılık, CRITIC yöntem) doğumda beklenen yaşam süres)ne, LOPCOW yöntem) )se ortalama 
öğren)m süres)ne en yüksek ağırlığı atamıştır. Standart sapma değerler) )ncelend)ğ)nde, CRITIC 
ve LOPCOW yöntemler)n)n görece dengel) b)r ağırlık dağılımı ortaya koyduğu söyleneb)l)r. 
Öte yandan, MEREC, ECWM ve ENTROPİ yöntemler), kr)terler arasında bel)rg)n farklılık 
gösteren ağırlıklar üretm)şt)r. Özell)kle ENTROPİ’n)n 0,34 )le en yüksek standart sapma 
değer)ne sah)p olması, yöntem)n kr)terler arasında dramat)k farklar yaratma eğ)l)m)n) 
doğrulamaktadır. 
Tablo 2. Yöntemler arasındak6 Pearson korelasyon katsayıları 

  ENTROPİ CRITIC ECWM MEREC LOPCOW 
ENTROPİ 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 

Objekt)f ağırlıklandırma yöntemler)ne )l)şk)n Pearson korelasyon katsayılarının sunulduğu 
Tablo 2 )ncelend)ğ)nde, yöntemler arasındak) )l)şk)ler)n yönü ve gücünün bel)rg)n b)ç)mde 
farklılaştığı tesp)t ed)lmekted)r. ENTROPİ, ECWM ve MEREC yöntemler) arasında oldukça 
yüksek düzeyde poz)t)f korelasyon değerler) bulunmakta olup, bu durum söz konusu 
yöntemler)n benzer ağırlıklandırma desenler) ürett)ğ)n) göstermekted)r. Buna karşılık CRITIC 
ve LOPCOW, kend) aralarındak) poz)t)f )l)şk) dışında, d)ğer tüm yöntemlerle negat)f yönde 
)l)şk)l)d)r. Bu bulgu, )lg)l) yöntemler)n kr)ter önem)n) değerlend)rme konusundak) farklı 
yaklaşımlarını ortaya koymaktadır.  
Şek-l 1. İGE ve objekt6f ağırlıklandırma temell6 TOPSIS sıralamalarının dağılımı 

 
İGE ve objekt)f ağırlıklandırma temell) TOPSIS bulguları Şek)l 1 ve Tablo 3 ver)lm)şt)r. 
Çalışmada, UNDP’n)n 193 ülke )ç)n yayımladığı küresel sıralamalar esas alınmış; ancak 
anal)zde Avrupa B)rl)ğ) ülkeler), kend) )ç)nde 1–27 aralığında yen)den derecelend)r)lm)şt)r. 
Bulgular b)rl)kte )ncelend)ğ)nde, objekt)f ağırlıklandırma yöntemler)n)n ürett)ğ) ağırlıkların 
TOPSIS yöntem)yle bütünleşt)r)lmes) sonucu ortaya çıkan ülke sıralamalarının, İGE 2025 
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sıralamalarıyla tam olarak örtüşmed)ğ) görülmekted)r. Ver) odaklı ağırlıklandırma yöntemler) 
)le TOPSIS’)n bütünleş)k kullanımı, İGE’n)n geometr)k ortalama ve eş)t ağırlık yaklaşımından 
farklı sonuçlar üretm)şt)r. Örneğ)n, Belç)ka ve Lüksemburg objekt)f ağırlıklandırmaya dayalı 
sıralamalarda daha üst basamaklara yüksel)rken, İspanya ve Yunan)stan g)b) bazı ülkeler daha 
alt sıralara ger)lem)şt)r. Or)j)nal İGE sıralamaları )le objekt)f ağırlıklandırma + TOPSIS 
sonuçları arasındak) maks)mum fark 8–10 basamak c)varındadır. Bu durum, ver) odaklı 
ağırlıklandırma yöntemler)n)n, her b)r göstergen)n görel) önem)n) ülke özel)nde farklı şek)lde 
yansıttığını göstermekted)r. 
Tablo 3. İGE sıralamaları, objekt6f ağırlıklandırma temell6 TOPSIS sıralamaları ve sıralama farkları2 

 Ülkeler İGE 
(2) 

ENTROPİ 
(3) 

CRITIC 
(4) 

ECWM 
(5) 

MEREC 
(6) 

LOPCOW 
(7) 

|+ − -| 
sıra  

farkı 

|+ − .| 
sıra  

farkı 

|+ − /| 
sıra  

farkı 

|+ − 0| 
sıra  

farkı 

|+ − 1| 
sıra  

farkı 
Danimarka 1 3 2 3 3 1 2 1 2 2 0 
Almanya 2 6 6 6 6 3 4 4 4 4 1 
İsveç 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 
Belçika 6 1 1 1 1 2 5 5 5 5 4 
İrlanda 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 
Lüksemburg 11 2 3 2 2 5 9 8 9 9 6 
Fransa 12 10 10 10 10 16 2 2 2 2 4 
İspanya 13 14 21 15 16 23 1 8 2 3 10 
Çekya 14 15 13 14 14 12 1 1 0 0 2 
İtalya 14 11 14 11 12 21 3 0 3 2 7 
Kıbrıs 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 
Hırvatistan 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 sıra farkı 

  
  

9 8 9 9 10 

SONUÇ 
Bu çalışmada, İnsan) Gel)şme Endeks) (İGE) göstergeler)n)n objekt)f Çok Kr)terl) Karar Verme 
(ÇKKV) ağırlıklandırma yöntemler) kullanılarak hesaplanması yoluyla, )nsan) gel)şmen)n 
ölçümünün daha b)l)msel ve ver) temell) b)r zem)ne oturtulması amaçlanmıştır. Bu doğrultuda, 
beş objekt)f ağırlıklandırma yöntem) (ENTROPİ, CRITIC, ECWM, MEREC ve LOPCOW) 
karşılaştırmalı olarak )ncelenm)ş; elde ed)len ağırlıklar TOPSIS yöntem)yle bütünleş)k olarak 
kullanılarak Avrupa B)rl)ğ) ülkeler) )ç)n alternat)f ülke sıralamaları oluşturulmuştur. 
Çalışmanın bulguları genel olarak kullanılan ağırlıklandırma yöntem)n)n, İGE göstergeler)n)n 
önem)n) ve buna bağlı ülke sıralamalarını öneml) ölçüde değ)şt)reb)leceğ) yönünded)r. Daha 
açık b)r )fadeyle bulgular, objekt)f ağırlıklandırma yöntemler)n)n farklı teor)k temellere 
dayanması neden)yle aynı ver) set) üzer)nde farklı ağırlık desenler) ürett)ğ)n) ve bu durumun da 

 
2 Tablo 3’te parantez 6ç6ndek6 sütun numaraları ((3)–(8)) 6lg6l6 ağırlıklandırma yöntem6 tabanlı TOPSIS 
sıralamalarını göstermekted6r. 2. sütunda İGE sıralamaları yer almakta olup, “sıra farkı” sütunlarında TOPSIS ve 
İGE sıralamaları arasındak6 farkın mutlak değer6 ver6lm6şt6r. 
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sonuçlar üzer)nde bel)rley)c) olduğunu ortaya koymaktadır. Özell)kle ENTROPİ, ECWM ve 
MEREC yöntemler), k)ş) başına düşen gayr)saf) m)ll) gel)r) en yüksek ağırlıklı kr)ter olarak ön 
plana çıkarırken; CRITIC yöntem) doğumda beklenen yaşam süres)ne, LOPCOW yöntem) )se 
ortalama öğren)m süres)ne en yüksek ağırlığı atamıştır. Standart sapma değerler), CRITIC ve 
LOPCOW yöntemler)n)n daha dengel) ağırlık dağılımları ürett)ğ)n); buna karşılık ENTROPİ, 
ECWM ve MEREC yöntemler)n)n daha değ)şken ağırlıklar oluşturduğunu göstermekted)r. 
Ayrıca LOPCOW yöntem)n)n ENTROPİ yöntem)ne kıyasla daha makul ağırlıklar üretme 
vaad)n) yer)ne get)rd)ğ) de tesp)t ed)lmekted)r. Gerçekleşt)r)len korelasyon anal)z) de 
ENTROPİ-ECWM-MEREC arasında güçlü poz)t)f )l)şk)ler bulunduğunu, CRITIC ve 
LOPCOW’un )se d)ğer yöntemlerle negat)f yönde )l)şk) serg)led)ğ)n) ortaya koymuştur. 
TOPSIS yöntem)yle elde ed)len ülke sıralamalarının, İGE’n)n geometr)k ortalama ve eş)t ağırlık 
yaklaşımıyla tam olarak örtüşmed)ğ); bazı ülkeler)n sıralamalarda b)rkaç basamak yükseld)ğ) 
veya ger)led)ğ) gözlemlenm)şt)r. Bu bulgu Soltanpanah vd. (2010), Özcan ve Oktay (2020) ve 
Altıntaş (2020) tarafından yapılan çalışmalarla da uyumludur. Tüm bu farklılıklar, eş)t ağırlık 
varsayımının ülkeler)n görel) konumlarını kısmen çarpıtab)ld)ğ)n) ve ver) odaklı 
ağırlıklandırma yaklaşımının karar ver)c)lere daha duyarlı ve gerçekç) b)r değerlend)rme 
çerçeves) sunduğunu göstermekted)r. Paruolo vd.’n)n (2013) de )fade ett)ğ) üzere, İGE’n)n 
hesaplanmasında uygun teor)k ve metodoloj)k altyapıya dayanan b)r hesaplama çerçeves) 
yer)ne yapının bas)tl)ğ)n) d)kkate alan b)r yaklaşımın (ar)tmet)k veya geometr)k ortalama) 
ben)msenmes)n)n b)lg) kaybı ve yanıltıcılık r)sk)ne yol açacağı unutulmamalıdır. Bununla 
b)rl)kte, kullanılacak ağırlıklandırma yöntem)n)n problem)n doğasına uygun olarak seç)lmes) 
de büyük önem arz etmekted)r. Örneğ)n, ECWM yöntem) hem ENTROPİ hem de CRITIC 
hesaplamalarını gerekt)rd)ğ) )ç)n İGE’n)n şeffaflık )lkes)ne kısmen ters düşeb)l)r.  
Gelecek çalışmalar )ç)n d)ğer ver) odaklı ağırlıklandırma yöntemler)n) de kapsayacak b)r 
)ncelemen)n yapılması ve duyarlılık anal)zler)yle desteklenen karşılaştırmalar yapılarak, 
İGE’n)n hesaplanmasında en uygun tekn)ğ)n bel)rlenmes) planlanmaktadır. Ayrıca, anal)z)n 
İGE raporunda yer alan tüm ülkeler) kapsayacak şek)lde gen)şlet)lmes) ve yöntemler)n farklı 
bölgesel veya sosyoekonom)k gruplar üzer)nde uygulanması öner)lmekted)r. Böylel)kle, )nsan) 
gel)şmen)n daha kapsamlı, d)nam)k ve ver)ye duyarlı b)r b)ç)mde değerlend)r)lmes)ne katkı 
sağlanab)lecekt)r. 
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TİCARİ SERBESTLEŞMENİN İKİLİ TİCARET HACİMLERİ ÜZERİNDEKİ 
ETKİSİ: TÜRKİYE İÇİN BİR ÇEKİMİ MODELİ ÖRNEĞİ 

Özgür Engeloğlu1 

 
ÖZ 
T6caret6n serbestleşt6r6lmes6, ülkeler arasındak6 uluslararası t6caret6n gel6şt6r6lmes6 açısından kr6t6k b6r adım olarak 
kabul ed6lmekted6r. T6carettek6 engeller6n azaltılması yoluyla, serbestleşme pol6t6kalarının, p6yasalara er6ş6m6 
artırması, ver6ml6l6ğ6 yükseltmes6 ve 6k6l6 t6caret akışlarını teşv6k etmes6 beklenmekted6r. Bu çalışma, Türk6ye 6le 
t6caret ortakları arasındak6 6k6l6 t6caret d6nam6kler6 üzer6nde, t6caret6n serbestleşmes6n6n etk6s6n6 6ncelemekted6r. 
Ayrıca, d6n6 yakınlık ve ortak sınır g6b6 etkenler6n bu etk6n6n düzey6n6 artırıp artırmadığı ya da azaltıp azaltmadığı 
da 6ncelenm6şt6r. Amp6r6k anal6zde l6teratürde sıklıkla kullanılan çek6m model6 terc6h ed6lm6şt6r. Modelde bağımlı 
değ6şken 6k6l6 t6caret hacm6 6ken, bağımsız değ6şkenler 6se t6car6 serbestleşme endeks6, GSYH, ülkeler arası mesafe 
ve hükümet etk6nl6ğ6 şekl6nded6r. Panel ver6 set6, 2004-2024 arasındak6 dönem6 kapsamakta ve Türk6ye'n6n t6caret 
hacm6n6n en yüksek olduğu 50 ülkeden, ver6ler6 elde ed6leb6len 45 tanes6n6 6çermekted6r. Anal6z 6ç6n en uygun 
yöntem olarak rassal etk6ler model6n6n bel6rlend6ğ6 çalışmada potans6yel değ6şen varyans ve otokorelasyon 
problem6n6 aşmak 6ç6n Dr6scoll Kraay standart hataları kullanılmıştır. Elde ed6len bulgular, t6car6 serbestleşmen6n 
6k6l6 t6caret hac6mler6n6 anlamlı b6ç6mde artırdığını göstermekted6r. Ayrıca çek6m model6 l6teratürü 6le uyumlu 
olarak 6k6l6 t6caret üzer6nde ülkeler6n ekonom6k büyüklüğünün poz6t6f, ülkeler arası mesafen6n 6se negat6f etk6s6 
vardır. Buna karşılık, d6n6 yakınlık değ6şken6n6n t6car6 serbestleşme üzer6nde anlamlı b6r düzenley6c6 etk6s6 
bulunmamıştır. Ortak sınır değ6şken6n6n 6se t6car6 serbestleşme üzer6nde kısm6 b6r etk6s6 söz konusudur. 

Anahtar Kel-meler: Türk-ye, İk-l- t-caret, Çek-m model-, Panel ver- anal-z-, Dr-scoll Kraay 

 
THE IMPACT OF TRADE LIBERALIZATION ON BILATERAL TRADE VOLUMES: 

A GRAVITY MODEL CASE FOR TURKEY 
 

ABSTRACT 

Trade liberalization is widely regarded as a critical step in enhancing international trade between countries. By 
reducing trade barriers, liberalization policies are expected to improve market access, increase efficiency, and 
stimulate bilateral trade flows. This study examines the effect of trade liberalization on the dynamics of bilateral 
trade between Turkey and its trading partners. In addition, it investigates whether factors such as religious 
similarity and shared borders amplify or diminish this effect. The empirical analysis employs the gravity model, 
which is frequently used in the literature. In the model, the dependent variable is bilateral trade volume, while the 
independent variables include the trade liberalization index, GDP, geographic distance, and government 
effectiveness. The panel dataset covers the period 2004–2024 and consists of 45 out of Turkey’s top 50 trading 
partners for which data are available. The random effects model was identified as the most appropriate estimation 
method, and Driscoll–Kraay standard errors were used to address potential heteroskedasticity and autocorrelation 
problems. The findings indicate that trade liberalization significantly increases bilateral trade volumes. 
Furthermore, in line with the gravity model literature, economic size has a positive effect, while distance has a 
negative effect on bilateral trade. In contrast, religious similarity was found to have no significant moderating role 
on the impact of trade liberalization. The shared border variable, however, has a partial effect on trade 
liberalization. 
Keywords: Turkey, B-lateral trade, Grav-ty model, Panel data analys-s, Dr-scoll–Kraay 
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GİRİŞ 
Küresel ekonom)k konjonktürde devletler arası )l)şk)ler)n temel unsurlarından b)r)s) )k)l) t)caret 
hareketler)d)r. T)caret)n serbestleşmes)ne yönel)k adımların da bu )l)şk)ler) güçlend)rmes) 
beklenmekted)r. Gümrük verg)ler)n)n ve tar)fe dışı engeller)n azaltılması, p)yasalara er)ş)m)n 
kolay b)r hale get)r)lmes) ülkeler arası t)caret akışını hızlandıracak, ekonom)k entegrasyonu 
artıracaktır. Dolayısıyla t)caret)n serbestleşmes) )k)l) t)caret) der)nleşt)recek, bu da ülkeler arası 
)l)şk)ler)n gel)ş)m)ne katkı sağlayacaktır. T)caret)n serbestleşmes)yle artan bu )l)şk) sonucunda 
oluşacak karşılıklı bağımlılık sadece ekonom)k açıdan değ)l s)yas) açıdan da ülkeler arası 
)l)şk)lerde öneml) rol oynayacaktır.  
T)caret)n serbestleşmes) ülkeler arasındak) )k)l) t)caret) etk)leyecek yegâne unsur değ)ld)r. 
Ülkeler)n gel)şm)şl)k düzey), coğraf) açıdan yakınlıkları, mevcut t)caret altyapıları, kültürel 
durumları g)b) faktörler)n de )k)l) t)caret üzer)nde öneml) etk)ler)n)n olması beklenmekted)r. 
Bu çalışma, Türk)ye )le t)caret ortakları arasındak) )k)l) t)caret d)nam)kler) üzer)nde, t)caret)n 
serbestleşmes)n)n etk)s)n) )ncelemekted)r. Çalışmada t)car) serbestleşme dışında, ekonom)k 
büyüklük, mesafe ve hükümet etk)nl)ğ) g)b) değ)şkenler)n de )k)l) t)caret üzer)ndek) etk)s) ele 
alınmıştır. Ayrıca, d)n) yakınlık ve ortak sınır g)b) etkenler)n bu serbestleşmen)n etk)s)n) artırıp 
artırmadığı ya da azaltıp azaltmadığı da )ncelenm)şt)r.  
İk)l) t)caret) etk)leyen unsurları ölçmek )ç)n gen)şlet)lm)ş çek)m model) terc)h ed)lm)şt)r. 
Uluslararası t)caret l)teratüründe çek)m model), )k) ülke arasındak) t)caret)n bel)rley)c)ler)n) 
)ncelemek amacıyla yaygın olarak kullanılan amp)r)k araçlardan b)r)d)r. T)nbergen (1962) 
tarafından gel)şt)r)len bu model, )k) ülken)n ekonom)k büyüklükler) ve aralarındak) mesafen)n 
t)caret hacm)n)n ana bel)rley)c)ler) olduğunu öne sürer. Söz konusu model, zamanla 
gel)şt)r)lerek ekonom)k büyüklük ve mesafe dışındak) değ)şkenler)n de modele eklenmes)yle 
daha kapsamlı hale gelm)şt)r. Böylece çok sayıda farklı etken)n de )k)l) t)caret üzer)ndek) etk)s) 
)ncelenmeye başlamıştır.  
Çek)m model)n)n gen)şlet)lm)ş b)r hal)n)n kurgulandığı bu çalışmada panel ver) set) 
kullanılmıştır. Ver) set), 2004-2024 arasındak) dönem )ç)n Türk)ye'n)n t)caret hacm)n)n en 
yüksek olduğu 50 ülkeden, ver)ler) elde ed)leb)len 45 tanes)n) kapsamaktadır. 
Bu çalışmanın b)r)nc) bölümünde çek)m model)n)n teor)k çerçeves) üzer)nde durulmuştur. Bu 
bölümü, çek)m model) kullanılarak benzer )l)şk)ler)n )ncelend)ğ) çalışmalara yönel)k l)teratür 
taramasının yer aldığı l)teratür özet) bölümü )zlemekted)r. Üçüncü bölümde ver) set), 
değ)şkenler ve kullanılacak ekonometr)k yöntemler üzer)nde durulmuştur. Çalışmanın 
dördüncü bölümü )se uygulamaya yönel)k olmuş ve ekonometr)k anal)z sonucu elde ed)len 
bulgular sunulmuştur. Çalışma son olarak sonuç bölümüyle tamamlanmıştır. 

1. ÇEKİM MODELİ 
Çek)m model) uluslararası t)caret l)teratüründe, ülkeler arasındak) t)caret akımlarını açıklamak 
amacıyla sıklıkla kullanılmaktadır. Model, )lk kez T)nbergen (1962) tarafından oluşturulmuştur. 
Modelde ülkeler arası t)caret hac)mler), tıpkı Newton’un yerçek)m) kanununa benzer b)r 
yaklaşımla açıklanmaktadır. Buna göre )k) ülke arasındak) t)caret)n büyüklüğü, ülkeler)n 
ekonom)k büyüklükler) )le doğru, aralarındak) mesafe )le ters orantılıdır. Bu nedenle modele 
“çek)m model)” adı ver)lm)şt)r.  
İk)l) t)caret akımlarının sezg)sel b)r açıklaması olarak gel)şt)r)len model, her ne kadar sağlam 
amp)r)k bulgular sunsa da teor)k temellerden yoksun olduğuna da)r eleşt)r)ler de almıştır. 
Anderson (1979), Helpman ve Krugman (1985), Bergstrand (1985 ve 1990) g)b) çek)m 
model)ne m)kro temeller kazandırmaya yönel)k çok sayıda başarılı g)r)ş)m olduysa da 2000'l) 
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yılların başında, Anderson ve Van W)ncop (2003) ve Eaton ve Kortum (2022)’un )k) öneml) 
çalışması )le çek)m) model) n)hayet teor)k temell) olarak kabul görmüştür (Ku)k vd., 2018). 
İk) ülke arasındak) t)caret akımlarını açıklamayı ve tahm)n etmey) hedefleyen modelde 
genell)kle ülkeler)n m)ll) gel)r), ekonom)k büyüklük gösterges) olarak kullanılmaktadır. Bu 
büyüklük, ülkeler)n üret)m kapas)teler)n)n yanı sıra )hracat potans)yeller) )le )thalat talepler)n) 
tems)l etmekted)r. Ayrıca, )k) ülke arasındak) coğraf) uzaklık, ulaşım mal)yetler) ve t)caret)n 
kolaylaştırıcı/engelley)c) faktörler) açısından kr)t)k b)r değ)şken olarak kabul ed)lmekted)r 
(Anderson, 1979). Özet olarak model, daha büyük ekonom)lere sah)p ve b)rb)r)ne daha yakın 
olan ülkeler arasında daha yoğun t)caret akımlarının gerçekleşeceğ)n) öngörmekted)r. 
Model bas)t olarak şu şek)lde formüle ed)lmekted)r: 

;%* = ï
"%V"*

M

ñ%*
I (1) 

Burada ;%* )k) ülke arasındak) t)caret akımını, "% ve "* ülkeler)n ekonom)k büyüklükler)n) ñ%* 
ülkeler arasındak) mesafey) tems)l etmekted)r (Kab)r vd., 2017). Yukarıdak) model)n 
logar)tması alındığında model, logar)tm)k doğrusal b)r modele dönüşmekted)r;  

;%* = t?ï + (t?"% + $t?"* − ft?ñ%* (2) 
böylece model) en küçük kareler (OLS) )le tahm)n etmek mümkün olmaktadır. Model)n 
hesaplanmasında zamanla metodoloj)k açıdan da bazı gel)şmeler yaşanmıştır. Başlangıçta 
sadece logar)tm)k doğrusal regresyon yöntem) )le tahm)n ed)len çek)m modeller), karşılaşılan 
sıfır t)caret akımlarının varlığı ve değ)şen varyans g)b) sorunların çözümü )ç)n Po)sson Pseudo 
En Çok Olab)l)rl)k Tahm)nc)s) (PPML) g)b) daha gel)şm)ş ekonometr)k yöntemlerle de tahm)n 
ed)lm)şt)r (Santos S)lva & Tenreyro, 2006). Çek)m model)ndek) gel)ş)m, sadece metodoloj)k 
açıdan değ)l kullanılan değ)şkenler açısından da devam etm)şt)r. Model başlangıçta )k)l) 
t)caret)n sadece ekonom)k büyüklük ve mesafeden etk)lend)ğ) f)kr)yle kurgulanmış olsa da 
zamanla çok sayıda başka faktörü de kapsayacak şek)lde gen)şlet)lm)şt)r. Ortak d)l, kültürel 
bağlar veya sömürge geçm)ş), sınır komşuluğu, serbest t)caret anlaşmaları, gümrük tar)feler) ve 
pol)t)k düzenlemeler bu faktörlerden bazılarıdır. Böylece çek)m model)n)n açıklayıcı gücü 
artırılmaya çalışılmıştır (Head & Mayer, 2014). Gen)şlet)lmes)yle b)rl)kte uluslararası t)caret 
l)teratüründe kullanım yoğunluğu artan model, ekonom)k )l)şk)ler)n sayısal anal)z)nde temel b)r 
başvuru noktası hal)ne gelm)şt)r. 
Sonuç olarak, T)nbergen’)n 1960’lı yıllarda öne sürdüğü ve bas)t ama sağlam b)r yaklaşımla 
ortaya çıkan çek)m model), günümüzde güçlü m)kroekonom)k temellere dayalı, gel)şm)ş 
ekonometr)k metotlarla tahm)n ed)leb)len ve çok boyutlu değ)şkenler) kapsayan b)r teor)ye 
dönüşmüştür. 

2. LİTERATÜR ÖZETİ 
İlk dönem çalışmalarda genell)kle çek)m model)n)n ülkeler)n dış t)caret) )ç)n geçerl) olup 
olmadığı test ed)lm)şt)r. Bununla b)rl)kte zamanla çek)m model) gen)şlet)lm)ş ve ekonom)k 
büyüklük ve mesafe dışındak) değ)şkenler)n de ülkeler)n )k)l) t)caret) üzer)nde etk)s)n) 
)ncelenm)şt)r.  Bu çalışmalarda değ)şken olarak demograf)k özell)kler)n yanı sıra ülkeler arası 
ortaklıklar ve benzerl)kler ön plana çıkmaktadır. Ayrıca t)caret)n serbestleşmes) ya da 
kolaylaşmasına yönel)k olarak da ülkeler)n taraf olduğu anlaşmalar ve t)caret ortaklıkları da 
model)n )çer)s)ne eklenm)şt)r. Böylece )k)l) t)caret hacm) açısından sadece ekonom)k büyüklük 
ve mesafen)n değ)l d)ğer pek çok faktörün de etk)s) )nceleneb)lm)şt)r. Söz konusu çalışmalarda 
büyük oranda panel ver) set) kullanılmış ve panel ver) tekn)kler) )le anal)zler yapılmıştır. 
L)teratürdek) söz konusu çalışmalardan bazıları Tablo 1’de özetlenm)şt)r. 
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Tablo 1. L-teratür Özet- 
Yazar(lar) Kapsam Değ-şkenler Sonuçlar 

Rose (2004) 
178 ülke, 
1948-1999 

Nüfus, ortak d6l, ortak sınır, 
sömürge 6l6şk6s6, ortak para 
b6r6m6, Dünya T6caret 
Örgütü (WTO) üyel6ğ6 

WTO üyel6ğ6n6n dış t6caret üzer6nde poz6t6f ve 
6stat6st6ksel olarak anlamlı b6r etk6s6 vardır. Ancak 
bu etk6 beklenenden çok daha küçüktür. 

Ba6er & 
Bergstrand 
(2007) 

96 ülke, 
1960-2000 

Ortak d6l, ortak sınır, 
Serbest T6caret Anlaşması 
(FTA)  

Serbest t6caret anlaşmaları ülkeler arasındak6 6k6l6 
t6caret hacm6n6 10 yıl sonunda 6k6ye katlamaktadır. 

Subraman6an 
& We6 (2007) 

172 ülke, 
1950–2000 

WTO üyel6ğ6, serbest t6caret 
anlaşması, serbest t6caret 
bölges6, ortak d6l, ortak sınır, 
sömürge 6l6şk6s6, ortak para 
b6r6m6 

Her 6k6 tarafın da serbestleşmeye g6tt6ğ6 durumlarda, 
sadece b6r tarafın serbestleşmeye g6tt6ğ6 durumlara 
göre 6k6l6 dış t6caret daha fazla artmaktadır. Ayrıca 
serbestleşmeye g6d6lmeyen sektörlerde dış t6caret 
artış göstermem6şt6r. 

Tatlıcı & 
Kızıltan 
(2011) 

46 ülke, 
1994-2007 

Nüfus, ortak sınır ve 
gümrük b6rl6ğ6 üyel6ğ6 

Ekonom6k büyüklük ve mesafe değ6şkenler6 çek6m 
model6n6n beklent6ler6n6 karşılasa da nüfus, gümrük 
b6rl6ğ6 üyel6ğ6 ve ortak sınırın 6k6l6 t6caret üzer6nde 
anlamlı b6r etk6s6 bulunamamıştır.  

E6cher & 
Henn (2011) 

177 ülke, 
1950-2000 

WTO üyel6ğ6, serbest t6caret 
anlaşması, terc6hl6 
anlaşmalar, ortak d6l, ortak 
sınır, sömürge 6l6şk6s6, ortak 
para b6r6m6 

WTO üyel6ğ6n6n t6caret üzer6ndek6 ortalama 
etk6s6n6n yakın mesafedek6 gel6şmekte olan 
ülkelerde daha güçlü olduğu bulunmuştur. 

Özkaya 
(2011) 

113 ülke, 
1996-2016 

Döv6z rezervler, döv6z 
kurları, nüfus, 7 adet 6k6l6 ve 
4 adet çok taraflı t6caret 
anlaşması üyel6ğ6 

İk6l6 anlaşmaların Türk6ye’n6n 6hracatı üzer6nde 
anlamlı b6r etk6s6 bulunmazken, Gümrük B6rl6ğ6 
har6c6nde Türk6ye’n6n tarafı olduğu çok taraflı 
anlaşmaların Türk6ye’n6n 6hracatı üzer6nde 
6stat6st6ksel olarak anlamlı ve poz6t6f b6r etk6s6 
olduğu sonucu elde ed6lm6şt6r. 

Sandalcılar 
(2012) 

4 ülke, 
2002-2009 

Nüfus ve ortak sınır 
Nüfus arttıkça dış t6caret6n arttığı sonucuna 
ulaşılmıştır. Ayrıca ortak sınırın varlığı da dış t6caret 
üzer6nde poz6t6f b6r etk6 yaratmaktadır.  

Dutt, M6hov 
& Van Zandt 
(2013) 

190 ülke, 
1988-2006 

WTO üyel6ğ6, tar6fe 
6nd6r6mler6, terc6hl6 t6caret 
düzenlemes6, ortak d6l, ortak 
sınır, sömürge 6l6şk6s6 

WTO üyel6ğ6 6hracat marjını %25 gen6şlet6rken, 
sab6t mal6yetler6 6se azaltmaktadır. Bununla b6rl6kte 
değ6şen mal6yetler üzer6nde b6r etk6s6 yoktur. 

Al6yu &  
Bava (2013) 

17 ülke, 
1999-2012 

Nüfus, ülke benzerl6ğ6, AB 
üyel6ğ6, BRICS ülkes6, ortak 
d6l 

Nüfus ve t6caret6n AB üyes6 6le yapılması 
N6jerya’nın dış t6caret6n6 poz6t6f etk6lerken, 
ekonom6k benzerl6k ve t6caret6n BRICS ülkes6 6le 
yapılması N6jerya’nın dış t6caret6n6 negat6f 
etk6lemekted6r.  

Doğan & 
Tunç (2015) 

53 ülke, 
1995-2014 

Doğu ve Güney Afr6ka 
Ortak Pazarı (COMESA) 
üyel6ğ6, nüfus, ortak d6n, 
v6ze uygulaması 

Çek6m model6n6n geçerl6 olduğu bulgusu elde 
ed6lm6ş olsa da COMESA üyel6ğ6, nüfus, ortak d6l 
ve v6ze uygulamasını 6k6l6 t6caret üzer6nde herhang6 
b6r etk6s6 olmadığı sonucuna ulaşılmıştır. 

L6v d. (2019) 
61 ülke, 
1995-2012 

Ortak sınır, Güneydoğu 
Asya Ülkeler6 B6rl6ğ6 
(AESEAN) üyel6ğ6, Asya-
Pas6f6k Ekonom6k İş b6rl6ğ6 
(APEC) üyel6ğ6  

Ç6n’6n 6k6l6 t6caret6nde AESEAN ve APEC 
üyel6ğ6n6n poz6t6f etk6s6 mevcutken ortak sınırın 
etk6s6 6se negat6f bulunmuştur. 

Su vd. (2022) 
70 ülke, 
2011-2019 

İng6l6zce d6l yeterl6l6ğ6, 
kurumsal benzerl6k, ortak 
sınır, Serbest T6caret 
Anlaşması 

İng6l6zce yeterl6l6ğ6n6n doğrudan 6let6ş6m6 
kolaylaştırdığı ve 6k6l6 t6caret akışını teşv6k ett6ğ6ne 
da6r güçlü kanıtların bulunduğu çalışmada ayrıca 
kurumsal benzerl6k, ortak sınır ve serbest t6caret 
anlaşması değ6şkenler6n6n de 6k6l6 t6caret üzer6nde 
anlamlı etk6s6 olduğu sonucuna ulaşılmıştır. 

Wang & Chen 
(2025) 

10 ülke, 
2012-2022 

T6car6 serbestleşme, ortak 
d6l, d6n benzerl6ğ6, ortak 
sınır, nüfus, hükümet 
etk6nl6ğ6 

T6car6 serbestleşmen6n 6k6l6 t6caret üzer6nde poz6t6f 
ve anlamlı b6r etk6s6 vardır. Ayrıca ortak d6l6n varlığı 
ve d6n6 benzerl6k söz konusu 6l6şk6n6n etk6s6n6 
artırmaktadır. 
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Tablo 1’den gözlemleneb)leceğ) g)b) )k)l) t)caret )le t)caret) serbestleşt)ren/kolaylaştırılan 
faktörler arasındak) )l)şk) genell)kle t)caret anlaşması ya da b)rl)k üyel)ğ)n)n varlığı ve 
yokluğunu gösteren kukla değ)şkenler aracılığıyla anal)z ed)lm)şt)r. Bu çalışmada )se Wang & 
Chen (2025) çalışması )le benzer şek)lde t)car) serbestleşme endeks) kullanılmıştır. Ayrıca d)n) 
yakınlık )ç)n de y)ne kukla değ)şken yer)ne endeks terc)h ed)lm)şt)r. Y)ne çek)m model) 
l)teratüründe az rastlanan b)r değ)şken olan hükümet etk)nl)ğ) değ)şken) de bu çalışmada modele 
dah)l ed)lm)şt)r. 

3. VERİ SETİ, DEĞİŞKENLER VE EKONOMETRİK YÖNTEM 
Çalışmada 2024 yılı )t)bar)yle Türk)ye'n)n t)caret hacm)n)n en yüksek olduğu 50 ülke d)kkate 
alınmıştır. Bu ülkelerden tüm ver)ler) elde ed)leb)len 45 tanes) anal)ze dah)l ed)l)rken, bazı 
değ)şkenlerde ver) eks)kl)ğ)ne sah)p 5 tanes) anal)z dışı bırakılmıştır. Yıllık ver)ler)n kullanıldığı 
çalışmada 2004-2024 arasını kapsayan 21 yıla a)t ver)ler )lg)l) ver) tabanlarından tem)n 
ed)lm)şt)r. Tablo 2’de çalışmada kullanılacak değ)şkenler ve bu değ)şkenlere a)t ver)ler)n elde 
ed)ld)ğ) kaynaklar sunulmuştur. 
Tablo 2. Anal-zde kullanılan değ-şkenler 

Kısaltma Değ-şken Adı Ver- T-p- Kaynak 

Trade İk6l6 T6caret 
USD c6ns6nden 6hracat  + 6thalatın 
logar6tması 

Türk6ye İstat6st6k Kurumu, 
Dış T6caret İstat6st6kler6 

Tf T6car6 Serbestleşme Endeks (0 6le 100) 
The Her6tage Foundat6on, 
Index of Econom6c Freedom 

Gdp_o 
Kaynak Ülken6n 
Ekonom6k Büyüklüğü  

2015 sab6t f6yatlarıyla USD 
c6ns6nden GSYH’n6n logar6tması 

Dünya Bankası, World 
Development Ind6cators 

Gdp_d 
Hedef Ülken6n Ekonom6k 
Büyüklüğü 

2015 sab6t f6yatlarıyla USD 
c6ns6nden GSYH’n6n logar6tması 

Dünya Bankası, World 
Development Ind6cators 

D6st Mesafe 
En büyük şeh6rler arasında km 
c6ns6nden mesafen6n logar6tması 

CEPII, Grav6ty Database 

Ge Hükümet Etk6nl6ğ6 Endeks (-2,5 6le 2,5) 
Dünya Bankası, Worldw6de 
Governance Ind6cators 

Co6nt Ortak Sınır Kukla, 1 veya 0  CEPII, Grav6ty Database 

Comrel6g D6n6 Yakınlık Endeks (%0 6le %100) CEPII, Grav6ty Database 

Çalışmada Tablo 2’de yer alan değ)şkenler aracılığıyla gen)şlet)lm)ş çek)m model) 
kurgulanmıştır. Bu kapsamda üç farklı h)potez test ed)lm)şt)r. Söz konusu h)potezler ve bu 
h)potezler)n test) )ç)n kurgulanan modeller )se şu şek)lded)r; 
H1: T3car3 serbestleşme, Türk3ye 3le t3caret ortağı ülkeler arasındak3 3k3l3 t3caret hacm3n3 
öneml3 ölçüde artırmaktadır. 

;wKLq%,*,! = (" + ($;ó*,! + (-òLEX%,! + (.òLE9*,! + (Yñmì*%,* + (Zòq*,! + ô%,! (3) 

H2: D3n3 yakınlık, t3car3 serbestleşmen3n Türk3ye 3le t3caret ortağı ülkeler arasındak3 3k3l3 
t3carete olan olumlu etk3ler3n3 artırmaktadır. 
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;wKLq%,*,! = $" + $$;ó*,! + $-;ó[X1QJ6%\%,*,! + $.öõkwqtmú%,* + $YòLEX%,! + $ZòLE9*,!
+ $]ñmì*%,* + $^òq*,! + ô%,!																																																																																						(4) 

H3: Ortak sınır, t3car3 serbestleşmen3n Türk3ye 3le t3caret ortağı ülkeler arasındak3 3k3l3 t3carete 
olan olumlu etk3ler3n3 artırmaktadır. 
;wKLq%,*,! = f" + f$;ó*,! + f-;ó_öõm?*%,*,! + f.öõm?*%,* + fYòLE_õ%,! + fZòLE_L*,!

+ f]ñmì*%,* + f^òq*,! + ô%,!																																																																																							(5) 

burada ), Türk)ye’y) yan) kaynak ülkey); j, Türk)ye’n)n t)caret ortağını yan) hedef ülkey); t )se 
zamanı tems)l etmekted)r. H2 ve H3 kurgulanırken Comrel)g ve Co)nt değ)şkenler)n)n Trade 
değ)şken)n) hem sab)t ter)m üzer)nden hem de Tf üzer)nden etk)led)ğ) varsayılmıştır.  
Ekonometr)k olarak panel ver) tekn)kler)n)n terc)h ed)ld)ğ) çalışmada )lk olarak ser)ler)n 
durağanlık düzey) test ed)lm)şt)r. Ancak ser)ler)n durağanlığının hang) b)r)m kök test)yle 
sınacağı bel)rlenmeden önce ser)lerde yatay kes)t bağımlılığı olup olmadığına bakılmalıdır. 
Ser)lerde yatay kes)t bağımlılığının olması durumunda yatay kes)t bağımlılığını d)kkate alan 
)k)nc) nes)l b)r)m kök testler) terc)h ed)lmel)d)r. 
Panel ver) setler)nde, yatay kes)t bağımlılığı sorunu çok sık karşılaşılan b)r durumdur. Yatay 
kes)t bağımlılığının tahm)nler üzer)ndek) etk)s), kes)tler arasındak) korelasyonların büyüklüğü 
ve kes)t bağımlılığının doğasıyla )l)şk)l)d)r. (Hoyos & Saraf)d)s, 2006). B)r)m sayısının (N), 
zaman boyutundan (T) büyük olduğu durumlarda yatay kes)t bağımlılığı CD test) )le sınanab)l)r 
(Pesaran, 2021). CD test) sonucu elde ed)len test )stat)st)ğ) kr)t)k değerden büyükse; ser)de yatay 
kes)t bağımlılığı olmadığını )şaret eden sıfır h)potez) redded)lmekted)r. 
Yatay kes)t bağımlılığının tesp)t ed)ld)ğ) ser)lerde b)r)m kök test) )ç)n Yatay Kes)tsel Olarak 
Gen)şlet)lm)ş Im, Pesaran, Sh)n (CIPS) test) kullanılırken, yatay kes)t bağımlılığının olmadığı 
ser)de )se b)r)m kök test) )ç)n Lev)n, L) & Chun (LLC) test) terc)h ed)lm)şt)r. Modelde kullanılan 
kaynak ülken)n GDP değer) değ)şken) doğası gereğ) b)r)mlere göre değ)şmemekte sadece 
zamana göre değ)şmekted)r. Dolaysıyla zaman ser)s) t)p)ndek) bu ser)n)n durağan olup 
olmadığına Ph)ll)ps-Perron (PP) b)r)m kök test) )le bakılmıştır. 
Ser)ler)n durağanlık düzeyler) tesp)t ed)ld)kten sonra hang) panel ver) anal)z) model) )le tahm)n 
yapılacağına Hausman test) )le karar ver)lm)şt)r. Bu test, panel ver) l)teratüründe sab)t veya 
rassal etk)ler model)n)n terc)h)nde sıklıkla kullanılmaktadır. Genell)kle dışsallık varsayımının 
test) olarak adlandırılan test, gözlemlenemeyen b)reysel etk)n)n modeldek) koşullu bağımsız 
değ)şkenlerle )l)şk)l) olup olmadığını )stat)st)ksel olarak ortaya koyar. Gözlemlenemeyen 
b)reysel etk)n)n dışsallığı redded)lmezse rassal etk)ler model), redded)l)rse sab)t etk)ler model) 
desteklen)r.  
Değ)şkenler arasındak) )l)şk)n)n doğru b)r şek)lde tahm)n ed)lmes) )ç)n uygun model)n seç)lmes) 
çok öneml)d)r. Örneğ)n, gözlemlenemeyen b)reysel etk) )le koşullu bağımsız değ)şkenler 
arasında b)r korelasyon varsa, bağımsız değ)şkenler)n )çsell)ğ)n) d)kkate almayan rassal etk)ler 
model) tahm)n), koşullu ortalamanın sapmalı ve tutarsız tahm)nler)n) verecekt)r. Ters) durumda 
)se sab)t etk)ler model) tutarlı, ancak etk)n olmayan tahm)nler verecekt)r (Am)n) vd., 2012). 
Sonrak) bölümde sırasıyla yukarıda anlatılan ekonometr)k anal)zler yapılacak ve H1, H2 ve 
H3’ün geçerl) olup olmadıkları test ed)lecekt)r. 

4. EKONOMETRİK UYGULAMA 

Anal)z aşamasında )lk olarak ser)lerde yatay kes)t bağımlılığı olup olmadığı test ed)lm)şt)r. Bu 
sayede ser)ler)n durağanlığını sınayab)lmek )ç)n hang) testler)n kullanılab)leceğ) bel)rlenm)şt)r. 
Test sonuçları Tablo 3’te ver)lm)şt)r; 
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Tablo 3. Pesaran (2004) CD Test- Sonuçları 

Değişken CD Test İstatistiği Olasılık 

Trade 119,195 ,000 

Tf 68,75 ,000 

Gdp_d 108,988 ,000 

Ge -0,06 ,953 

Panel ver) t)p)ndek) değ)şkenler )ç)n yapılan CD Test) sonucuna göre Trade, Tf ve Gdp_d 
değ)şkenler)nde yatay kes)t bağımlılığı yoktur h)potez) redded)l)rken, Ge değ)şken) )ç)n söz 
konusu h)potez redded)lemem)şt)r. Dolayısıyla Trade, Tf ve Gdp_d değ)şkenler) )ç)n yatay kes)t 
bağımlılığını d)kkate alan CIPS b)r)m kök test) kullanılırken, Ge değ)şken) )ç)n geleneksel b)r)m 
kök testler)nden Lev)n, L) & Chun test) kullanılmıştır. Ayrıca yapısı gereğ) zaman ser)s) 
b)ç)m)ndek) Gdp_o değ)şken) )ç)n de PP b)r)m kök test) kullanılmıştır. B)r)m kök testler) sonucu 
elde ed)len sonuçlar Tablo 4 ve Tablo 5’te sunulmuştur. 
Tablo 4. CIPS B-r-m Kök Test- Sonuçları 

 Sabitli Sabitli ve Trendli 

Değişken  CIPS İstatistiği 
Kritik Değerler 

CIPS İstatistiği 
Kritik Değerler 

%10 %5 %1 %10 %5 %1 

Trade -2,219 

-2,04 -2,11 -2,23 

-2,885 

-2,54 -2,61 -2,73 Tf -2,572 -3,660 

Gdp_d -2,283 -2,184 

Tablo 5. LLC ve PP B-r-m Kök Testler- Sonuçları  

Birim Kök Testi 
 Sab6tl6 Sab6tl6 ve Trendl6 

Değişken Test İstatistiği Olas. Test İstatistiği 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 gözlemleneb)leceğ) g)b) modelde yer alan ser)ler)n tamamı sab)tl) 
durumda düzeyde durağan, yan) I(0) b)ç)m)nded)r. Dolayısıyla söz konusu ser)ler)n düzey 
değerler)n) kullanarak sab)t etk)ler veya rassal etk)ler modeller)nden b)r tanes)yle anal)z yapmak 
mümkündür. Her b)r h)potez )ç)n kurgulanmış olan modellerde sab)t etk)ler veya rassal etk)ler 
modeller)nden hang)s)n)n kullanılacağına )se Hasuman test) )le bakılmıştır. Her b)r h)potez )ç)n 
test sonuçları Tablo 6’da ver)lm)şt)r. 
 Tablo 6. Hausman Test- Sonuçları 

 Ch6-Square İst. Olas. Model 

H1 4,35 ,360 Rassal Etk6ler 

H2 6,27 ,180 Rassal Etk6ler 

H3 6,63 ,250 Rassal Etk6ler 
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Tablo 6’da yer alan test sonuçlarına göre rassal etk)ler model)n) )şaret eden sıfır h)potez), her 
üç h)potez )ç)n kurgulanan modelde de redded)lemem)şt)r. Dolaysıyla ekonometr)k anal)z )ç)n 
rassal etk)ler model) terc)h ed)lm)şt)r. H1, H2 ve H3 )ç)n rassal etk)ler tahm)nler)n)n sonuçları 
Tablo 7’de yer almaktadır. 
Tablo 7. Rassal Etk-ler Tahm-n Sonuçları 

 H1 H2 H3 

Tf 
0,0113*** 

(7,24) 
0,0123*** 

(5,76) 
0,0148*** 

(8,87) 

Comrelig 
 
 

0,7970** 
(2,28) 

 

Tf_Comrelig  
-0,0021 
(-0,61) 

 

Coint   
2,0108*** 

(4,68) 

Tf_Coint   
-0,0225*** 

(-5,45) 

Gdp_o 
0,8465*** 

(21,63) 
0,8272*** 

(20,89) 
0,8356*** 

(21,39) 

Gdp_d 
0,6769*** 

(13,17) 
0,7082*** 

(13,50) 
0,6802*** 

(13,01) 

Dist 
-0,8454*** 

(-7,87) 
-0,8751*** 

(-8,17) 
-0,8135*** 

(-7,11) 

Ge 
-0,0633 
(-1,39) 

-0,0512 
(-1,11) 

-0,0545 
(-1,21) 

Sabit 
-20.3649*** 

(-17.46) 
-20.6715*** 

(-17,75) 
-20.7176*** 

(-16,78) 

N 945 945 945 

R² 0.6496 0.6713 0.6535 

Breusch-Pagan / Cook-Weisberg 
Değişen Varyans Testi 

Ch6-Square = 8,33 
Olas. = 0,004 

Ch6-Square = 12,94 
Olas. = 0,000 

Ch6-Square = 13,12 
Olas. = 0,000 

Wooldridge Otokorelasyon Testi 
F(1, 44) = 40,718 

Olas. = 0,000 
F(1, 44) = 40,718 

Olas. = 0,000 
F(1, 44) = 40.418 

Olas. = 0.000 

Tablo 7’de yer alan tahm)n sonuçlarına göre Ge har)ç neredeyse tüm katsayılar )stat)st)ksel 
olarak anlamlı çıkmıştır. Ayrıca parametreler)n )şaretler) de beklent)ler ve l)teratürle uyumludur. 
Ancak katsayı tahm)nler)nden sonra yapılan test sonuçlarına göre üç modelde de hem değ)şen 
varyans hem de otokorelasyon sorunlarının varlığına da)r güçlü kanıtlar mevcuttur. Söz konusu 
problemler) aşmak )ç)n Dr)scoll-Kraay (1998) tahm)nc)s) kullanılmıştır. Dr)scoll-Kraay 
tahm)nc)s) sağladığı d)rençl) standart hatalar aracılığıyla değ)şen varyans ve otokorelasyon 
problemler) ortadan kaldırmaktadır (Vogelsang, 2012). Dr)scoll-Kraay tahm)nc)ler) )le elde 
ed)len test sonuçları Tablo 8’de ver)lm)şt)r. 
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Tablo 8. Dr-scoll-Kraay Test Sonuçları 
 

H1 H2 H3 

Tf 
0,0113*** 

(3,78) 
0,0123*** 

(2,63) 
0,0148*** 

(4,52) 

Comrelig 
 
 

0,7970 
(0,341) 

 

Tf_Comrelig  
-0,0021 
(-0,40) 

 

Coint   
2,0108* 

(2,01) 

Tf_Coint   
-0,0225*** 

(-4,47) 

Gdp_o 
0,8465*** 

(7,57) 
0,8272*** 

(6,84) 
0,8356*** 

(7,15) 

Gdp_d 
0,6769*** 

(4,89) 
0,7082*** 

(4,70) 
0,6802*** 

(4,51) 

Dist 
-0,8454*** 

(-3,87) 
-0,8751*** 

(-4,03) 
-0,8135*** 

(-4,51) 

Ge 
-0,0633 
(-0,66) 

-0,0512 
(-0,63) 

-0,0545 
(-0,61) 

Sabit 
-20.3649*** 

(-6.22) 
-20.6715*** 

(-6,34) 
-20.7176*** 

(-6,52) 

N 945 945 945 

R² 0.6496 0.6713 0.6535 

Dr)scoll-Kraay tahm)nc)ler) )le elde ed)len n)ha) sonuçlara göre; t)car) serbestleşme her üç 
modelde de )k)l) t)caret üzer)nde poz)t)f ve anlamlı b)r etk)ye sah)pt)r. Bununla b)rl)kte d)n) 
yakınlığın söz konusu etk)y) artırdığına da)r b)r kanıt bulunamamıştır (H2). Ancak sonuçlar 
ortak sınırın, t)car) serbestleşmen)n )k)l) t)caret üzer)ndek) etk)s)n) değ)şt)rd)ğ)n) göstermekted)r 
(H3). Y)ne tüm modellerde hedef ülkedek) hükümet etk)nl)ğ)n)n )k)l) t)caret üzer)nde anlamlı 
b)r etk)s) olmadığı sonucuna ulaşılmıştır. Ayrıca temel çek)m model) kapsamında tüm 
modellerde l)teratüre uygun şek)lde ülkeler)n ekonom)k büyüklükler) )k)l) t)caret hac)mler)n) 
poz)t)f etk)lerken, ülkeler arası mesafe )le )k)l) t)caret arasında negat)f b)r )l)şk) vardır. 
H1 model)n)n sonuçlarına göre, hedef ülken)n t)car) serbestleşme endeks)ndek) 1 puanlık artış, 
)lg)l) ülken)n Türk)ye )le )k)l) t)caret hacm)n) %1,13 oranında artırmaktadır. Y)ne Türk)ye’n)n 
ekonom)k büyüklüğünde meydana gelen %1’l)k artış da )k)l) t)caret hacm)n) %0,85 
artırmaktadır. Söz konusu artış oranı Türk)ye’n)n t)caret ortağının ekonom)k büyüklüğü söz 
konusu olduğunda )se %0,68’d)r. Çek)m model)n)n b)r d)ğer öneml) değ)şken) olan mesafeye 
baktığımızda )se Türk)ye )le hedef ülke arasındak) km c)ns)nden mesafe %1 oranında arttığında, 
)k)l) t)caret hacm)n)n %0,85 oranında azaldığı gözükmekted)r. 
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D)n) yakınlığın, t)car) serbestleşmen)n )k)l) t)carete olan olumlu etk)ler)n) artırıp artırmadığının 
test ed)ld)ğ) H2 sonuçlarına göre, elde ed)len katsayı tahm)nler) H1 tahm)nler) )le paralell)k arz 
etmekted)r. Ancak d)n) yakınlık değ)şken)n)n ne sab)t ter)m üzer)nde ne de t)car) serbestleşme 
üzer)nde )stat)st)ksel açıdan anlamlı b)r etk)sene rastlanılmamıştır. Bu modelde t)car) 
serbestleşmedek) 1 puanlık artışın etk)s) %1,23’e çıkarken, kaynak ülke ekonom)k 
büyüklüğündek) %1’l)k artışın poz)t)f etk)s) %0,83’e düşmüş, hedef ülke ekonom)k 
büyüklüğündek) %1’l)k artışın poz)t)f etk)s) )se %0,71’e çıkmıştır. Son olarak mesafedek) 
%1’l)k artışın )k)l) t)caret üzer)ndek) azaltıcı etk)s) )se %0,88 sev)yes)nde bulunmuştur. 
D)n) yakınlık yer)ne ortak sınırın düzenley)c) olarak modele katıldığı H3’ün sonuçlarında da 
t)car) serbestleşme (%0,15), ekonom)k büyüklükler (%0,84 ve %0,68) ve mesafen)n (-%0,81) 
etk)ler) H1 ve H2 )le benzerl)k göstermekted)r. Bununla b)rl)kte ortak sınırın varlığı sab)t ter)m 
üzer)nde poz)t)f katkı yaparken, t)car) serbestleşmen)n )k)l) t)caret üzer)ndek) %0,84’lük etk)s)n) 
0,02 puan azaltarak %0,82’ye düşürmekted)r. Burada ortak sınırın, t)car) serbestleşmen)n )k)l) 
t)caret üzer)ndek) etk)s)n) değ)şt)rd)ğ)n) gözlemleyeb)l)yoruz ancak söz konusu etk) negat)f 
olduğundan (her ne kadar sab)t ter)m üzer)ndek) etk)s) poz)t)f olsa da) )lg)l) h)potez)n mutlak 
b)r şek)lde geçerl) olduğunu söylemek mümkün değ)ld)r. 
SONUÇ 
Bu çalışmada başta t)car) serbestleşme olmak üzere Türk)ye’n)n )k)l) t)caret)n) etk)leyen 
faktörler, çek)m model) aracılığıyla )ncelenm)şt)r. Elde ed)len bulgulara göre her üç modelde 
de t)car) serbestleşme, )k)l) t)caret) poz)t)f ve anlamlı b)r şek)lde etk)lemekted)r. Yan), hedef 
ülken)n t)car) serbestleşme endeks)ndek) artış, Türk)ye’n)n hedef ülkeyle olan t)caret)n) bel)rg)n 
şek)lde artırmaktadır. Elde ed)len bulgular l)teratürdek) benzer bulgularla tutarlılık göstermekte 
ve serbestleşme pol)t)kalarının t)caret hacm)n)n gen)şlet)lmes) açısından önem)n) 
vurgulamaktadır. 
Bununla b)rl)kte, çalışmada d)n) yakınlığın t)car) serbestleşmen)n )k)l) t)caret üzer)ndek) 
etk)ler)n) artırdığı h)potez)n) destekleyen bulgular elde ed)lemem)şt)r. İlg)l) değ)şken)n hem 
sab)t ter)m üzer)nde hem de t)car) serbestleşme üzer)nde anlamlı b)r katkısı yoktur. Bu durum, 
d)n) faktörler)n Türk)ye’n)n )k)l) t)caret )l)şk)ler)nde bel)rley)c) b)r unsuru olmadığını, söz 
konusu )l)şk)n)n daha çok ekonom)k ve coğraf) etkenler üzer)nden şek)llend)ğ)n) 
göstermekted)r. 
Çalışmanın d)kkat çek)c) sonuçlarından b)r)s) de ortak sınıra )l)şk)nd)r. Bulgular, ortak sınırın 
sab)t ter)m) poz)t)f etk)led)ğ)n), ancak t)car) serbestleşmen)n )k)l) t)caret üzer)ndek) etk)s)ne 
sınırlı da olsa azaltıcı yönde etk) ett)ğ)n) göstermekted)r. Dolayısıyla, ortak sınır ülkeler arasında 
doğal b)r t)caret avantajı yaratsa da t)car) serbestleşme )le etk)leş)m) beklenen ölçüde poz)t)f b)r 
tamamlayıcılık etk)s) ortaya koymamaktadır. Bu durum, )lg)l) h)potez)n yalnızca kısmen 
desteklend)ğ) şekl)nde yorumlanab)l)r. 
Temel çek)m model) değ)şkenler)ne )l)şk)n bulgular da l)teratürle uyumlu şek)lde sonuç 
verm)şt)r. Buna göre hem kaynak ülke hem de hedef ülken)n ekonom)k büyüklükler) )k)l) t)caret 
hacm)n) poz)t)f yönde etk)lemekte )ken mesafe değ)şken)n)n beklend)ğ) g)b) )k)l) t)caret 
üzer)nde negat)f b)r etk)s) söz konusudur. Türk)ye’n)n ekonom)k büyüklüğündek) artışın t)caret 
hacm)ne katkısı, partner ülken)n ekonom)k büyüklüğündek) artışa göre daha yüksek 
bulunmuştur. Bu durum, Türk)ye’n)n ekonom)k kapas)tes)n) artırmasının t)car) )l)şk)ler) 
gel)şt)rmede öneml) b)r rol oynayacağı şekl)nde değerlend)r)leb)l)r. 
Sonuç olarak, elde ed)len bulgular ışığında t)car) serbestleşmen)n Türk)ye’n)n )k)l) t)caret)nde 
temel b)r bel)rley)c) olduğu güçlü b)r şek)lde )dd)a ed)leb)l)r. Bununla b)rl)kte, d)n) yakınlığın 
b)r etk)s)n)n olmaması ve ortak sınırın beklenmed)k şek)lde serbestleşme üzer)ndek) azaltıcı 
etk)s), )k)l) t)caret)n çok boyutlu doğasına )şaret etmekted)r. Söz konusu durumun, Türk)ye’n)n 
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çeş)tl) pazarlara yönel)k tarafsız t)caret pol)t)kalarından da kaynaklanma )ht)mal) olab)l)r. 
Pol)t)ka yapıcılar açısından bu sonuçlar, t)caret hacm)n) artırmak )ç)n serbestleşme 
pol)t)kalarının kararlılıkla sürdürülmes) gerekt)ğ)n) b)r kez daha ortaya koymaktadır. Bu 
yönüyle çalışmanın sonuçları, Ba)er ve Bergstrand (2007), Subraman)an & We) (2007) ve Wang 
& Chen (2025) çalışmalarının sonuçlarıyla benzerl)k göstermekted)r. 
Sonrak) araştırmalarda, bu çalışmada kullanılan ver) set)n)n gen)şlet)lmes) ve farklı zaman 
d)l)mler)n)n karşılaştırmalı olarak ele alınması yararlı olab)l)r. Ayrıca ortak d)l, tar)h) bağlar 
veya demokras) sev)yes) g)b) faktörler)n t)car) serbestleşme )le olan )l)şk)ler)n)n )ncelenmes), 
daha der)nlemes)ne sonuçlar sunab)l)r. Bununla b)rl)kte, sektör bazında ayrıştırılmış t)caret 
ver)ler) aracılığıyla serbestleşme pol)t)kalarının hang) sektörlerde daha güçlü veya zayıf etk)ler 
yarattığının anal)z ed)lmes) l)teratüre değerl) b)r katkı sağlayab)lmes)n)n yanı sıra pol)t)ka 
yapıcılarına da daha somut çıkarımlar yapma )mkânı tanıyacaktır.  
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A COMPARATIVE ANALYSIS OF CRUDE OIL PRICE SERIES STABILITY VIA 
FOURIER-BASED UNIT ROOT TESTS  

Rüya Karcı1 Asiye Tütüncü2 

 

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 BİRİM KÖK TESTLERİ İLE HAM PETROL FİYAT 

SERİLERİNDEKİ ŞOKLARIN KARŞILAŞTIRMALI ANALİZİ   
 

ÖZ  
Ham petrol f6yatları, küresel enerj6 arzının kr6t6k b6r b6leşen6 olması neden6yle öneml6 b6r ekonom6k ve s6yas6 
gösterge olarak göster6lmekted6r.  Bu emt6aların f6yatlarındak6 dalgalanmaların ekonom6k sonuçları öneml6d6r ve 
enerj6 6thal eden ve 6hraç eden ülkeler, f6nansal p6yasalar ve reel sektör 6ç6n etk6ler6 bulunmaktadır.  Ham petrol 
f6yatlarının zaman 6ç6nde ekonom6k kr6zler, jeopol6t6k r6skler, arz-talep denges6zl6kler6 ve teknoloj6k gel6şmeler 
g6b6 çeş6tl6 faktörlerden etk6lenerek yapısal kırılmalar ve doğrusal olmayan davranışlar serg6lemekted6r. Petrol 
f6yatlarının zaman ser6s6 özell6kler6n6n anal6z6 hem akadem6k l6teratür hem de pol6t6ka yapıcılar 6ç6n öneml6d6r.  Bu 
çalışmanın temel amacı, farklı bölgelerden seç6len tems6l6 ham petrol türler6n6n karşılaştırmalı b6r perspekt6ften 
kararlılık özell6kler6n6 6ncelemekt6r. Çalışmada 1990:05–2020:10 dönem6nde petrol f6yatlarının 6st6krar 
özell6kler6n6n 6ncelemes6n6 6ç6n Kuzey Amer6ka, Avrupa, Akden6z, Asya ve Basra Körfez6'nden beş ham petrolün 
aylık f6yat ver6ler6n6 kullanılmıştır. Ser6ler, Four6er ADF, Kes6rl6 Four6er ADF ve Four6er Dalgacık ADF testler6 
kullanılarak anal6z ed6lmekted6r.  Bu testler6n, yapısal değ6ş6m6 d6kkate almaları açısından geleneksel testlerden 
daha gel6şm6ş olduğu açıktır.  B6r6m kök testler6n6n sonuçları, değ6şkenlerde 6stat6st6ksel olarak anlamlı b6r yapısal 
değ6ş6kl6k olduğunu göstermekted6r.  Ayrıca, değ6şkenler yapısal değ6ş6kl6k varlığında b6r6m kökü 6çermez.  Bu 
durumda, değ6şkenlere uygulanan şokların geç6c6 n6tel6kte olduğu öne sürüleb6l6r. 

Anahtar Kel-meler: Ham petrol f6yatları, Durağanlık, Four6er 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 literatüre (Gülen, 1997; Postali & 
Picchetti, 2006; Ozdemir, Gokmenoglu, & Ekinci, 2013; Barros & Gil-Alana, 2016; Gil-Alana 
& Monge, 2020; Landajo, Presno, & Fernández González, 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   

Stat-st-cs Brent Dur- Omman Urals West Texas Int. 

Mean 1.593 1.563 1.574 1.576 1.597 

Med-an 1.615 1.592 1.595 1.600 1.611 
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Max-mum 2.124 2.118 2.122 2.112 2.127 

M-n-mum 0.992 0.950 0.991 0.971 1.055 

Std. Dev. 0.300 0.316 0.308 0.307 0.273 

Skewness 0.031 0.017 0.039 0.041 0.030 

Kurtos-s 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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Source: Thomson Reuters Eikon  

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)3. 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)4 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).  
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The trigonometric terms (sin and cos) displayed in Equation 1 serve as the foundation for the 
Fourier terms. T denotes the sample size, t denotes the trend and k is the frequency count ranging 
from 1 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.  
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The term  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  and 

, 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 l F-Test Statistics FADF Test 
Statistics 

Brent 1 4 8.435b -3.712 a 

1 4 7.939a -4.1a 

Duri 1 11 10.209c -3.923 b 

 
3 https://ora.ox.ac.uk/objects/uu6d:8e176905-4979-44a5-bc97-
3096e5adea6c/f6les/m4a6812aa146e42e81d9030805b94cc39#:~:text=Success6ve%20dec6%2D%20s6ons%20by
%20OPEC,Venezuela%2C%20Iran%20and%20Gulf%20Countr6es. 
4 https://www.weforum.org/stor6es/2016/05/why-are-o6l-pr6ces-so-low/ 
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1 10 7.949 a -4.641b  

Omman 1 10 9.337 c -4.371 c 

1 10 8.392 a -4.044 a 

Urals 1 4 8.143b -3.667 a 

1 4 7.695 a -4.086 a  

West Texas  

Intermediate 

1 3 10.009 c -4.767 c 

1 3 9.997 b -4.501 b 

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 León-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 l 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 b -4.671c - 

0.9 11 10.799 b -4.586c - 

Omman 1.2 10 9.967a -4.506b - 

0.9 10 9.402a -4.283a - 

Urals 1.2 4 8.347  -1.599 

1 4 7.695  -2.329 

West Texas  

Intermediate 

1.2 3 10.577b -4.893c - 

1 3 9.997 b -4.501b - 

Notes: a, b, c 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, Eroğlu 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 Eroğlu 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. 
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In these equations,  and  are considered; , , ,  and   
 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 l FWADF Test Statistics t-Test Statistics 

Brent 1 11 -4.201c -3.941 c 

1 11 -4.169 c -3.956 c 

Duri 1 5 -4.063 c -3.897 c 

1 9 -3.842 b -3.625 c 
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Omman 1 12 -4.111 c -3.868 c 

1 11 -4.016 c -3.801 c 

Urals 1 11 -4.275 c -3.998 c 

1 11 -4.199 c -3.985 c 

West Texas  

Intermediate 

1 11 -3.341 b -3.097 c  

1 11 -3.378 b -3.159 c 

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 Aydın 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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PETKİM HİSSE SENEDİ FİYATLARI İLE USD/TL DÖVİZ KURU 
DİNAMİKLERİNDE YAPISAL KIRILMALAR VE FOURIER KOİNTEGRASYONU 

Nazr$n Burjal$yeva5  

 
ÖZ  
Bu makale, 1 Mayıs 2023 – 29 Mart 2024 dönem6ne a6t 240 günlük gözleme dayanarak Petk6m h6sse sened6 
f6yatları 6le USD/TL döv6z kuru arasındak6 d6nam6k 6l6şk6y6 6ncelemekted6r. Ba6–Perron çoklu yapısal kırılma 
testler6, her 6k6 ser6de de öneml6 rej6m değ6ş6kl6kler6 tesp6t etm6ş ve 6l6şk6n6n zamanla değ6şen b6r yapıya sah6p 
olduğunu ortaya koymuştur. B6r6nc6 rej6m dönem6 (1 Mayıs – 22 Haz6ran 2023) esas alınarak yapılan Gen6şlet6lm6ş 
D6ckey–Fuller (ADF) testler6, ser6ler6n düzeyde durağan olmadığını ancak b6r6nc6 farklarında durağan hale 
geld6ğ6n6 gösterm6şt6r. Frekans alanında Granger nedensell6k anal6z6, düşük ve orta frekans bantlarında döv6z 
kurundan Petk6m f6yatlarına doğru güçlü tek yönlü nedensell6k bulunduğunu, ters etk6n6n 6se zayıf kaldığını ortaya 
koymuştur. Aynı rej6m kapsamında, Johansen ko6ntegrasyon çerçeves6ne Four6er fonks6yonlarının dâh6l ed6lmes6, 
kısa döneml6 oynaklığa rağmen en az b6r uzun döneml6 denge 6l6şk6s6n6n varlığına da6r güçlü kanıtlar sunmaktadır. 
Four6er Vektör Hata Düzeltme Model6 (VECM) tahm6nler6 6se, dengeden sapmaların h6sse sened6 f6yatlarında döv6z 
kuruna kıyasla daha hızlı düzeld6ğ6n6, dolayısıyla as6metr6k b6r uyum d6nam6ğ6 bulunduğunu göstermekted6r. 
Petk6m’6n döv6z c6ns6nden g6rd6lere ve 6hracat gel6rler6ne bağımlılığı göz önüne alındığında, h6sse değerlemes6n6n 
doğal olarak döv6z kuru hareketler6yle yakından 6l6şk6l6 olduğu sonucuna varılmıştır. Genel olarak, bulgular f6rma 
düzey6nde f6yatlamada döv6z dalgalanmalarının bel6rley6c6 rolünü vurgulamakta ve rej6me bağlı f6nansal 6l6şk6ler6n 
yakalanmasında Four6er fonks6yonlarının metodoloj6k önem6n6 göstermekted6r. 

Anahtar Kel-meler: Yapısal kırılmalar; frekans alanı Granger nedensell6ğ6; Four6er Johansen ko6ntegrasyon test6; 
Four6er vektör hata düzeltme model6 (VECM) 

 
STRUCTURAL BREAKS AND FOURIER COINTEGRATION IN THE DYNAMICS OF PETKIM 

STOCK PRICES AND THE USD/TL EXCHANGE RATE 

 
ABSTRACT  

Th6s art6cle 6nvest6gates the dynam6c 6nteract6on between Petk6m stock pr6ces and the USD/TL exchange rate from 
1 May 2023 to 29 March 2024, us6ng 240 da6ly observat6ons. Ba6–Perron mult6ple structural break tests 6dent6fy 
s6gn6f6cant reg6me sh6fts 6n both ser6es, underscor6ng that the relat6onsh6p 6s t6me-vary6ng rather than stable. 
Focus6ng on the f6rst 6dent6f6ed reg6me (1 May – 22 June 2023), Augmented D6ckey–Fuller tests conf6rm non-
stat6onar6ty at levels and stat6onar6ty at f6rst d6fferences. Frequency-doma6n Granger causal6ty analys6s reveals 
strong un6d6rect6onal causal6ty from the exchange rate to Petk6m pr6ces across low- and med6um-frequency bands, 
wh6le the reverse effect rema6ns weak. W6th6n the same reg6me, 6ncorporat6ng Four6er funct6ons 6nto the Johansen 
framework prov6des robust ev6dence of at least one co6ntegrat6ng vector, 6nd6cat6ng a long-run equ6l6br6um 
relat6onsh6p desp6te short-run volat6l6ty. Est6mat6on of a Four6er Vector Error Correct6on Model shows that 
dev6at6ons from equ6l6br6um are corrected more rap6dly 6n stock pr6ces than 6n the exchange rate, h6ghl6ght6ng 
asymmetr6c adjustment dynam6cs. G6ven Petk6m’s dependence on fore6gn currency 6nputs and export revenues, 6ts 
stock valuat6on 6s naturally t6ed to exchange rate movements. Overall, the f6nd6ngs emphas6ze the dec6s6ve role of 
currency fluctuat6ons 6n f6rm-level pr6c6ng and demonstrate the methodolog6cal 6mportance of Four6er funct6ons 
for captur6ng reg6me-dependent f6nanc6al relat6onsh6ps. 
Keywords: Structural breaks; frequency-doma6n Granger causal6ty; Four6er Johansen co6ntegrat6on test; Four6er 
vector error correct6on model (VECM) 
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INTRODUCTION 
Exchange rate volat)l)ty )s a def)n)ng determ)nant of stock market performance )n emerg)ng 
econom)es, where pol)cy uncerta)nty and external shocks are frequent. Currency fluctuat)ons 
alter the cost of )mported )nputs, reshape export revenues, and ult)mately )nfluence f)rm 
prof)tab)l)ty and valuat)on. In Türk)ye, these dynam)cs are part)cularly pronounced. Petk)m—
the country’s largest petrochem)cal producer—faces he)ghtened exposure due to )ts dependence 
on )mported raw mater)als and )ts export-or)ented product)on model. As a result, movements )n 
the USD/TL exchange rate play a dec)s)ve role )n shap)ng Petk)m’s stock-pr)ce behav)or. 
Desp)te the abundance of research on the exchange rate–equ)ty nexus, emp)r)cal ev)dence 
rema)ns m)xed. In certa)n per)ods, currency deprec)at)on ra)ses )nput costs and compresses 
marg)ns, exert)ng downward pressure on stock pr)ces. In others, exchange rate movements 
co)nc)de w)th export ga)ns and )mproved prof)tab)l)ty. Such )ncons)stenc)es )nd)cate that the 
relat)onsh)p )s not stable but var)es across reg)mes, t)me hor)zons, and macro-f)nanc)al 
cond)t)ons. Standard l)near approaches, wh)ch assume structural stab)l)ty, are therefore 
)nsuff)c)ent to fully capture these dynam)cs. 
Recent methodolog)cal developments prov)de more su)table tools for analyz)ng such 
complex)t)es. Structural break tests )dent)fy sudden sh)fts )n relat)onsh)ps, wh)le Four)er-based 
co)ntegrat)on techn)ques capture smooth cycl)cal adjustments that convent)onal methods 
overlook. In add)t)on, frequency-doma)n causal)ty offers )ns)ghts )nto how exchange rate effects 
operate across short-, med)um-, and long-term hor)zons. 
Bu)ld)ng on these advances, th)s study )nvest)gates the dynam)c relat)onsh)p between Petk)m 
stock pr)ces and the USD/TL exchange rate dur)ng the per)od May 2023–March 2024. By 
comb)n)ng Ba)–Perron structural break analys)s, Four)er-based co)ntegrat)on methods, and 
frequency-doma)n Granger causal)ty tests, the study prov)des new ev)dence on the reg)me-
dependent and nonl)near nature of th)s l)nkage. The pr)mary object)ve )s to assess whether a 
stable long-run equ)l)br)um ex)sts and to evaluate the speed and d)rect)on of short-run 
adjustments across d)fferent reg)mes. In do)ng so, the study contr)butes to the broader l)terature 
on f)nanc)al )ntegrat)on )n emerg)ng markets and offers pract)cal )mpl)cat)ons for pol)cymakers, 
)nvestors, and corporate r)sk managers operat)ng under volat)le currency cond)t)ons. 
 
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. Akça (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 Türkiye, 
whereas Alpağut (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, Ağca 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 emp)r)cal analys)s )s based on 240 da)ly observat)ons of PETKIM stock pr)ces and the 
USD/TL exchange rate cover)ng the per)od from 1 May 2023 to 29 March 2024. Da)ly clos)ng 
pr)ces of PETKIM stocks were obta)ned from )nvest)ng.com and cross-checked aga)nst 
w)dely used f)nanc)al databases. PETKIM stock pr)ces are expressed )n Turk)sh l)ra, wh)le the 
exchange rate )s represented as Turk)sh l)ra per U.S. dollar. 
The selected per)od co)nc)des w)th notable ep)sodes of currency deprec)at)on and fluctuat)ons 
)n domest)c f)nanc)al markets, mak)ng )t a su)table t)meframe for exam)n)ng the )nteract)on 
between stock pr)ces and exchange rate dynam)cs. As PETKIM )s h)ghly exposed to 
)nternat)onal trade—)mport)ng raw mater)als )n fore)gn currency and export)ng f)n)shed 
products—)t )s part)cularly sens)t)ve to da)ly exchange rate movements. 
To detect potent)al sh)fts )n the relat)onsh)p between PETKIM stock pr)ces and the USD/TL 
exchange rate, the Ba)–Perron mult)ple structural break test was appl)ed. Table 1 presents the 
est)mated break dates along w)th the)r correspond)ng F-stat)st)cs and cr)t)cal values. 
Table 1. Ba)–Perron Breakpo)nts for USD/TL 
Mult)ple breakpo)nt tests 
Ba)-Perron tests of L+1 vs. L sequent)ally determ)ned breaks 
Date: 07/04/25   T)me: 16:01 
Sample: 5/01/2023 3/29/2024 
Included observat)ons: 240 
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Break)ng var)ables: C 
Break test opt)ons: Tr)mm)ng 0.15, Max. breaks 5, S)g. level 0.05 

Break dates F-stat)st)c Cr)t)cal Values 
6/23/2023 558.0512 8.58 
12/26/2023 384.2123 10.13 
10/09/2023 119.4031 11.14 

 
The results )nd)cate that there are three stat)st)cally s)gn)f)cant structural breaks )n the USD/TL 
exchange rate dur)ng the sample per)od: 

• 23 June 2023 (F = 558.05 > 8.58), 

• 9 October 2023 (F = 119.40 > 11.14), 

• 26 December 2023 (F = 384.21 > 10.13). 

The fact that the F-stat)st)cs substant)ally exceed the correspond)ng cr)t)cal values conf)rms the 
presence of mult)ple structural changes. These breakpo)nts co)nc)de w)th per)ods of he)ghtened 
volat)l)ty )n Turk)sh f)nanc)al markets, reflect)ng sh)fts )n monetary pol)cy expectat)ons, 
external shocks, and seasonal pressures )n fore)gn currency demand. 
Ident)fy)ng these breakpo)nts )s of cr)t)cal )mportance for subsequent econometr)c model)ng, as 
they demonstrate that the relat)onsh)p between Petk)m stock pr)ces and the USD/TL exchange 
rate )s not stable over the ent)re sample. Incorporat)ng structural changes )nto the models—
through Four)er funct)ons or segmented spec)f)cat)ons—allows for a more prec)se evaluat)on 
of both long-run and short-run dynam)cs. 
In add)t)on to the exchange rate, the Ba)–Perron mult)ple structural break test was also appl)ed 
to the Petk)m t)me ser)es )n order to )nvest)gate potent)al reg)me sh)fts dur)ng the sample per)od. 
The results are shown )n Table 2. 
Table 2. Ba)–Perron Breakpo)nts for Petk)m Stock Pr)ce 
Mult)ple breakpo)nt tests  
Ba)-Perron tests of L+1 vs. L sequent)ally determ)ned breaks 
Date: 07/04/25   T)me: 16:07  
Sample: 5/01/2023 3/29/2024  
Included observat)ons: 240  
Break)ng var)ables: C  
Break test opt)ons: Tr)mm)ng 0.15, Max. breaks 5, S)g. level 0.05 
Break dates F-stat)st)c Cr)t)cal 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 )dent)f)es four structural breaks )n Petk)m stock pr)ces between May 2023 and March 
2024: 

• 31 July 2023 (F = 555.13 > 8.58), 

• 2 October 2023 (F = 53.86 > 11.83), 

• 11 December 2023 (F = 18.20 > 11.14), 

• 30 January 2024 (F = 146.02 > 10.13). 
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The most pronounced change occurred at the end of July 2023, co)nc)d)ng w)th a sharp 
correct)on per)od )n Turk)sh f)nanc)al markets follow)ng exchange rate fluctuat)ons. The breaks 
observed )n October 2023 and January 2024 also al)gn w)th phases of volat)l)ty )n the USD/TL 
exchange rate, h)ghl)ght)ng the strong dependence of Petk)m’s stock pr)ce dynam)cs on 
exchange rate movements. 
Interest)ngly, both ser)es exh)b)t mult)ple breaks, though the)r t)m)ng only part)ally overlaps 
and )s not )dent)cal. Th)s suggests that Petk)m stocks respond asymmetr)cally to exchange rate 
shocks, adjust)ng e)ther w)th a lag or at vary)ng )ntens)t)es. The s)multaneous break recorded )n 
December 2023 )n both ser)es most l)kely reflects a common structural d)sturbance assoc)ated 
w)th seasonal l)qu)d)ty sh)fts and monetary pol)cy announcements. 
The )dent)f)cat)on of these breaks re)nforces the )mportance of employ)ng econometr)c 
approaches that account for nonl)near adjustments and structural changes. Such approaches 
)nclude Four)er co)ntegrat)on techn)ques or models that capture reg)me-dependent dynam)cs. 
The Ba)–Perron mult)ple structural break test results for the USD/TL exchange rate (Table 1) 
and Petk)m stock pr)ces (Table 2) demonstrate that both ser)es exper)enced stat)st)cally 
s)gn)f)cant changes dur)ng the sample per)od. To better capture the)r jo)nt dynam)cs, the 
)dent)f)ed breakpo)nts were al)gned, and the common break )ntervals are summar)zed )n Table 
3. 
Table 3. Common Break Intervals for USD/TL and Petk)m 
Per)od Approx)mate Date Range 

1st 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 

 
F)gure 1 )llustrates the jo)nt dynam)cs of Petk)m stock pr)ces and the USD/TL exchange rate. 
Th)s sub-per)od covers the dates from 1 May 2023 to 21 June 2023 and cons)sts of 39 da)ly 
observat)ons.  
At the beg)nn)ng of May, the USD/TL exchange rate rema)ned relat)vely stable, but )n early 
June 2023 )t entered a phase of sharp apprec)at)on. Th)s d)st)nct reg)me sh)ft corresponds to the 
f)rst structural break )dent)f)ed by the Ba)–Perron test (23 June 2023). In contrast, Petk)m stock 
pr)ces fluctuated w)th)n a narrow range throughout May, d)splay)ng only a gradual upward trend 
from m)d-June onward. 
From an econometr)c perspect)ve, two key po)nts are noteworthy. F)rst, the exchange rate 
exh)b)ts a stepw)se adjustment process: stable per)ods are )nterrupted by sudden jumps, 
underscor)ng the )mportance of account)ng for structural breaks )n model)ng. Second, the pr)ce 
response of Petk)m stocks )s both delayed and asymmetr)c: adjustment to exchange rate 
deprec)at)on occurs only after a certa)n po)nt )n t)me, )nd)cat)ng the presence of nonl)near 
transm)ss)on mechan)sms. 
Consequently, these )n)t)al dynam)cs re)nforce the necess)ty of conduct)ng formal tests for un)t 
roots, co)ntegrat)on, and structural changes. For th)s purpose, methodolog)es capable of 
captur)ng reg)me-dependent behav)ors—part)cularly Four)er-based approaches—are 
cons)dered more effect)ve. 
Table 4 presents the descr)pt)ve stat)st)cs. 
Table 4. Descr)pt)ve Stat)st)cs for Petk)m Stock Pr)ces and USD/TL Exchange Rate 
 PETKIM_PRICE USD_TL_PRICE 
 Mean  13.45744  20.99752 
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 Med)an  13.06000  19.97440 
 Max)mum  15.41000  23.66010 
 M)n)mum  11.83000  19.44950 
 Std. Dev.  1.059324  1.721436 
 Skewness  0.377939  0.706176 
 Kurtos)s  1.735475  1.716424 
 Jarque-Bera  3.526858  5.918751 
 Probab)l)ty  0.171456  0.051851 
 Sum  524.8400  818.9034 
 Sum Sq. Dev.  42.64234  112.6071 
 Observat)ons  39  39 

 
Table 4 reports the descr)pt)ve stat)st)cs for Petk)m stock pr)ces and the USD/TL exchange rate 
over 39 da)ly observat)ons. The average pr)ce of Petk)m shares dur)ng the sample per)od was 
13.46, wh)le the mean exchange rate stood at 20.99. Both ser)es show moderate var)ab)l)ty, w)th 
standard dev)at)ons of 1.06 and 1.72, respect)vely. 
The d)str)but)onal character)st)cs )nd)cate m)ld asymmetr)c USD/TL. Petk)m pr)ces exh)b)t a 
pos)t)ve skewness (0.38), )mply)ng that h)gher-than-average values occur more frequently than 
lower ones. The exchange rate also shows r)ght-skewed behav)or (0.71), suggest)ng upward 
pressure dur)ng the per)od. However, both ser)es d)splay kurtos)s values below the normal 
benchmark of 3 (1.73 for Petk)m, 1.72 for USD/TL), po)nt)ng to relat)vely flat d)str)but)ons 
w)th l)ghter ta)ls. 
Normal)ty tests prov)de add)t)onal )ns)ght. The Jarque–Bera stat)st)c does not reject normal)ty 
for Petk)m stock pr)ces (p = 0.171), wh)le for the USD/TL exchange rate, the test )s borderl)ne 
s)gn)f)cant (p = 0.052), )nd)cat)ng potent)al dev)at)ons from normal)ty that may be assoc)ated 
w)th exchange rate shocks or market adjustments. 
Overall, these stat)st)cs h)ghl)ght that wh)le both ser)es follow relat)vely stable dynam)cs, the 
exchange rate exh)b)ts stronger non-normal features and volat)l)ty compared to Petk)m pr)ces. 
Such d)str)but)onal character)st)cs just)fy the appl)cat)on of econometr)c techn)ques that 
account for nonl)near)ty and potent)al structural sh)fts )n subsequent analys)s. 
The t)me ser)es propert)es of the var)ables were further exam)ned us)ng the Augmented D)ckey–
Fuller (ADF) un)t root test. The results for Petk)m stock pr)ces and the USD/TL exchange rate 
(39 observat)ons) are reported )n Table 5. 
Table 5. Augmented D-ckey–Fuller (ADF) Un-t Root Tests  

 t-stat-st-c Cr-t-cal values 1% Cr-t-cal values 5% Cr-t-cal values 10% 

Petk6m_pr6ce 
6ntercept 

-1.921065 -3.457630 -2.873440 -2.573187 

Petk6m_pr6ce trend 
and 6ntercept 

-1.870598 -3.996918 -3.428739 -3.137804 

USD/TL 

6ntercept 

-0.410750 -3.621023 -2.943427 -2.610263 

USD/TL 

Trend and 6ntercept 

-2.055043 -4.226815 -3.536601 -3.200320 

∆Petk6m_pr6ce 
6ntercept 

-16.20925 -3.457747 -2.873492 -2.573215 
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∆ Petk6m_pr6ce 

trend and 6ntercept 

-16.27534 -3.997083 -3.428819 -3.137851 

∆ (USD/TL) 

6ntercept 

-3.507697 -3.621023 -2.943427 -2.610263 

∆ (USD/TL) 

Trend and 6ntercept 

-3.491682 -4.226815 -3.536601 -3.200320 

 
 
Accord)ng to the ADF test, at levels ne)ther Petk)m stock pr)ces nor the USD/TL exchange rate 
reject the null hypothes)s of a un)t root across all model spec)f)cat)ons, conf)rm)ng that both 
ser)es are non-stat)onary )n levels. When f)rst d)fferences are cons)dered, Petk)m stock pr)ces 
become stat)onary, wh)le the USD/TL ser)es )s found to be stat)onary at the 5% and 10% 
s)gn)f)cance levels under the )ntercept spec)f)cat)on, and at the 10% level under the trend and 
)ntercept spec)f)cat)on. 
To complement the t)me-doma)n analys)s, the spectral Granger causal)ty test was appl)ed to 
evaluate whether the causal relat)onsh)ps between Petk)m stock pr)ces and the USD/TL 
exchange rate vary across d)fferent frequenc)es. Th)s approach allows for d)st)ngu)sh)ng 
between short-run and long-run dynam)cs and )dent)fy)ng causal)ty relat)ons over d)fferent t)me 
hor)zons. 
Table 6. Frequency-Doma-n Granger Causal-ty Results 

Angular 
frequency 

USD_TL_PRICE ⇒	PETKIM_PRICE PETKIM_PRICE	⇒	USD_TL_PRICE 

 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 ev)dence of Granger causal)ty runn)ng from the USD/TL exchange rate 
to Petk)m stock pr)ces across most frequenc)es. In part)cular, w)th)n the low- and med)um-
frequency ranges (0.16–1.45 rad)ans), the p-values are cons)stently below 0.05. Th)s )mpl)es 
that exchange rate fluctuat)ons exert a stat)st)cally s)gn)f)cant )nfluence on Petk)m stock pr)ces, 
espec)ally over short- and med)um-term hor)zons. 
Conversely, the ev)dence of causal)ty from Petk)m stock pr)ces to the USD/TL exchange rate )s 
much weaker. Marg)nal s)gn)f)cance )s observed only at the lowest frequency (0.161 rad, p = 
0.0428), wh)le at most other frequenc)es the null hypothes)s of no causal)ty cannot be rejected. 
Th)s f)nd)ng suggests that stock pr)ce movements do not systemat)cally dr)ve exchange rate 
fluctuat)ons, wh)ch )s cons)stent w)th the predom)nance of macro-f)nanc)al factors )n 
determ)n)ng the exchange rate )n Turkey. 
Taken together, the results reveal an asymmetr)c causal relat)onsh)p: exchange rate dynam)cs 
s)gn)f)cantly affect f)rm-level stock valuat)ons, whereas the reverse effect )s markedly weaker. 
To )nvest)gate the ex)stence of a long-run equ)l)br)um relat)onsh)p between Petk)m stock pr)ces 
and the USD/TL exchange rate, the Johansen co)ntegrat)on test was employed. Table 7 presents 
the Johansen co)ntegrat)on test results for the relat)onsh)p between Petk)m stock pr)ces and the 
USD/TL exchange rate, )ncorporat)ng Four)er terms (SIN and COS) as exogenous regressors. 
The )nclus)on of tr)gonometr)c funct)ons allows the model to capture smooth structural sh)fts 
and cycl)cal dynam)cs that are otherw)se overlooked )n the standard l)near framework. 
Table 7. Johansen co-ntegrat-on test result 

 
Date: 07/08/25   T-me: 11:35 

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

Included observat6ons: 36 

Ser6es: PETKIM_PRICE USD_TL_PRICE  

Exogenous ser6es: SIN(0.1611t) COS(0.3222t)  

Warn6ng: Rank Test cr6t6cal values der6ved assum6ng no exogenous ser6es 

Lags 6nterval: 1 to 1    

 Selected (0.05 level*) Number of Co6ntegrat6ng Relat6ons by Model 

Data Trend: None None L6near L6near Quadrat6c 

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-E6g 0 1 2 1 2 

 *Cr6t6cal values based on MacK6nnon-Haug-M6chel6s (1999)  

 Informat6on Cr6ter6a by Rank and Model 

Data Trend: None None L6near L6near Quadrat6c 

Rank or No Intercept Intercept Intercept Intercept Intercept 

No. of CEs No Trend No Trend No Trend Trend Trend 

 Log L6kel6hood 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 

 Aka6ke Informat6on Cr6ter6a 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 Cr6ter6a 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 alternat)ve trend spec)f)cat)ons—none, l)near, and quadrat)c—the trace and max)mum 
e)genvalue stat)st)cs )nd)cate at least one co)ntegrat)ng vector at the 5% s)gn)f)cance level. Th)s 
suggests the presence of a long-run equ)l)br)um relat)onsh)p between Petk)m stock pr)ces and 
the USD/TL exchange rate desp)te short-run fluctuat)ons. Notably, models w)th l)near and 
quadrat)c determ)n)st)c trends perform better )n terms of )nformat)on cr)ter)a (AIC and SC), 
support)ng the robustness of the co)ntegrat)on f)nd)ng. 

The co)ntegrat)ng equat)on conf)rms that Petk)m stock pr)ces are pos)t)vely assoc)ated w)th the 
exchange rate )n the long run, w)th the est)mated coeff)c)ent of approx)mately 0.51 on USD/TL 
be)ng h)ghly s)gn)f)cant (t ≈ 4.82). The negat)ve and s)gn)f)cant trend term (–0.072) )nd)cates a 
gradual downward adjustment )n the equ)l)br)um path, reflect)ng poss)ble structural forces )n 
the Turk)sh f)nanc)al market over the sample per)od. 
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!®h;©™´_®M™öh! 	= 			−	0.705(®h;©™´_®M™öh!#$ 	+ 	0.507gßñ/;¨!#$ −
0.072@;MhÆñ(5/01/23) − 22.658) − 0.319	!®h;©™´_®M™öh!#- 	+ 	0.417	!gßñ/
;¨!#- 	− 	0.9256	ìm?(0.1611*) − 0.353zõì	(0.3222*) 	− 	0.041	          (1) 

!gßñ/;¨! = −	0.183(®h;©™´_®M™öh!#$ + 0.507gßñ/;¨!#$ − 0.072@;MhÆñ(5/01/
23) − 22.658) + 0.093	!®h;©™´_®M™öh!#- 	− 	0.103	!gßñ/;¨!#- 	−
	0.404	ìm?(0.1611*) − 	0.218zõì	(0.3222*)	      (2) 

The est)mated Vector Error Correct)on Model (VECM) prov)des ev)dence of a stable long-run 
relat)onsh)p between Petk)m stock pr)ces and the USD/TL exchange rate. In the f)rst equat)on 
(1), the error correct)on coeff)c)ent for Petk)m stock pr)ces )s –0.705 (t ≈ –5.82), wh)ch )s h)ghly 
s)gn)f)cant. Th)s )nd)cates that nearly 70% of any dev)at)on from the long-run equ)l)br)um )s 
corrected w)th)n one trad)ng day, correspond)ng to an adjustment per)od of roughly 1.4 days. 
Such a rap)d speed of adjustment h)ghl)ghts that Petk)m stock pr)ces are strongly mean-
revert)ng toward equ)l)br)um when shocks occur. 

In contrast, the adjustment coeff)c)ent )n the second equat)on (2) for USD/TL )s –0.183 (t ≈ –
1.77), wh)ch )s weaker and only marg)nally s)gn)f)cant. Th)s )mpl)es that the exchange rate 
corrects about 18% of d)sequ)l)br)um per per)od, requ)r)ng approx)mately 5.5 days for 
adjustment. Thus, wh)le both var)ables respond to dev)at)ons from equ)l)br)um, the burden of 
correct)on falls more heav)ly on Petk)m stock pr)ces, whereas the exchange rate exh)b)ts slower 
and less pronounced adjustment. 

These f)nd)ngs conf)rm the asymmetr)c adjustment mechan)sm: stock pr)ces rap)dly real)gn 
w)th exchange rate movements, wh)le the exchange rate )tself shows l)m)ted feedback from 
stock market fluctuat)ons. The s)gn)f)cant Four)er terms (s)n and cos components) further 
capture cycl)cal behav)or and smooth structural sh)fts, re)nforc)ng the robustness of the model 
)n reflect)ng reg)me-dependent dynam)cs. 

Res)dual d)agnost)cs support the adequacy of the model. The LM tests conf)rm no ser)al 
correlat)on up to lag 4, and heteroskedast)c)ty tests do not reject the null of constant var)ance. 
Wh)le normal)ty )s rejected due to skewness and excess kurtos)s )n the second component, such 
dev)at)ons are common )n f)nanc)al data and do not underm)ne the ma)n )nference. 

CONCLUSION 
Th)s study exam)ned the dynam)c )nteract)on between Petk)m stock pr)ces and the USD/TL 
exchange rate over the per)od 1 May 2023 to 29 March 2024 by employ)ng structural break 
analys)s, Four)er-based co)ntegrat)on, and frequency-doma)n causal)ty methods. The Ba)–
Perron tests revealed mult)ple s)gn)f)cant breakpo)nts )n both ser)es, conf)rm)ng that the 
relat)onsh)p )s reg)me-dependent rather than stable across the full sample. 
Un)t root tests establ)shed that both var)ables are non-stat)onary )n levels but stat)onary )n f)rst 
d)fferences, wh)le frequency-doma)n Granger causal)ty tests h)ghl)ghted a strong and pers)stent 
)nfluence of exchange rate fluctuat)ons on Petk)m stock pr)ces, w)th only weak feedback )n the 
oppos)te d)rect)on. Incorporat)ng Four)er terms )nto the Johansen framework prov)ded robust 
ev)dence of at least one co)ntegrat)ng vector, )nd)cat)ng the presence of a long-run equ)l)br)um 
desp)te short-run volat)l)ty. 
The Vector Error Correct)on Model further demonstrated an asymmetr)c adjustment 
mechan)sm. Petk)m stock pr)ces corrected nearly 70% of dev)at)ons from equ)l)br)um w)th)n 
one day, whereas the USD/TL adjusted more slowly and less s)gn)f)cantly. Th)s asymmeTL 
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reflects the structural dependence of Petk)m on fore)gn currency )nputs and revenues, wh)ch 
makes )ts valuat)on h)ghly sens)t)ve to exchange rate changes. 
Overall, the f)nd)ngs underscore the dec)s)ve role of exchange rate dynam)cs )n shap)ng f)rm-
level stock pr)ces )n Türk)ye and demonstrate the methodolog)cal value of Four)er-based 
approaches )n captur)ng nonl)near, reg)me-dependent f)nanc)al relat)onsh)ps. The results 
prov)de )mportant )mpl)cat)ons for )nvestors, pol)cymakers, and corporate managers seek)ng to 
understand and manage the r)sks assoc)ated w)th currency volat)l)ty )n emerg)ng markets. 
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