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WELCOME MESSAGE

International Conference on Applied Economics and Finance (ICOAEF XV) held on 11%-12"" May,
2026 in Kyrgyzstan-Tiirkiye Manas University, Bishkek/ Kyrgyz Republic. We are glad ICOAEF-
XV gathered many successful academics and professionals around the World. 68 papers were
submitted, and 57 papers presented during ICOAEF-XV from 16 different countries.

This conference provided as a suitable platform for discussions about the researches. This
conference abstract proceeding contains 63 papers presented both online and in person. ICOAEF-
XV participants consisted of from 17 different countries, 16 Turkish universities. Scientific board
rejected 11 papers directly due to the inconvenience of conference topics, theme and structure of
ICOAEF-XV. Scientific committee also requested some corrections to 11 different papers then these
papers accepted and presented during the conference. All submissions for ICOAEF-XV
scientifically reviewed and evaluated by scientific committee members.

We believe that ICOAEF-XV provided an opportunity for national and international participants to
present, discuss and share practical and theoretical issues in the fields of Economics, Finance and
related social sciences. The papers submitted from 16 different countries beyond Tiirkiye. We
accepted papers of the participants from Algeria (1), Belgium (1), Turkish Republic of Northern
Cyprus (1), Ethiopia (1), France (1), Gambia (1), Greece (1), Italy (2), Iran (1), Kyrgyzstan (13),
Latvia (1), Morocco (1), Romania (1), Russian Federation (1), Tiirkiye (30), United Kingdom (2),
and United States (2). Finally, we would like to thank Kyrgyzstan-Tiirkiye Manas University and
our esteemed ICOAEF-XV participants who shared their deep knowledge and experience at
ICOAEF-XV. We would like to be together in our following organizations.

On behalf of Conference Organization Committee

Prof. H. Murat ERTUGRUL
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TIME-SERIES DEMAND FORECASTING FOR THE TURKISH ELECTRICITY
MARKET: AN EMPIRICAL INVESTIGATION

Mesut ULU”
Ufuk BINGOL**

ABSTRACT

Electricity demand forecasting plays a vital role in ensuring grid stability, supply securitypand
operational efficiency in modern energy markets. This study presents afieémpirical investigation of time-
series demand forecasting for the Turkish electricity market using two advancedygradient boosting
machine learning algorithms: XGBoost and LightGBM. Hourly electricity demand data for the year
2020 were obtained from the official EPIAS Transparency Platfotm. The datasét was chronologically
divided into training (80%) and testing (20%) sets, and miodel performanceswere assessed using R? and
MAPE metrics. The empirical findings revealed Strong seasonal and weekly patterns in Turkish
electricity demand. Quantitative results demonstrated that.both models achieved acceptable forecasting
accuracy, however, XGBoost outperformed LightGBM acrossiboth evaluation metrics. The findings
confirm that gradient boosting méthods, are gffective toals for electricity demand forecasting and
provide a practical framework for energy planners and market operators. This study contributes to the
growing literature on machine learningapplications in energy forecasting, particularly for developing

economies with dynamie electricity markets.
Keywords: Electricity Demand, Time Series Forecasting, Machine Learning, Gradient Boosting.

JEL Codesf 047, C22;°LY4.

1. ANTRODUCTION

Accurate electricity demand forecasting is a cornerstone of modern energy system planning, grid
stability, ‘and market operations. In liberalized electricity markets, forecasting errors can lead to
significant economic inefficiencies, including imbalance costs, suboptimal unit commitment, and price
volatility (Hong & Fan, 2016). The Turkish electricity market, which has undergone substantial
restructuring and capacity expansion over the past two decades, presents a particularly challenging
forecasting environment due to its rapid demand growth, increasing penetration of renewable energy

sources, and complex seasonal and calendar effects.

* Bandirma Onyedi Eyliil University, Manyas Vocational School, Department of Occupational Health and Safety, Balikesir-
Tirkiye, mulu@bandirma.edu.tr.

** Bandirma Onyedi Eyliil University, Manyas Vocational School, Department of Management and Organization, Balikesir-
Tiirkiye, ubingol@bandirma.edu.tr.
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Traditional time-series forecasting methods, such as ARIMA, exponential smoothing, and
seasonal decomposition, have been widely applied to load forecasting problems. While effective for
linear patterns and stationary series, these approaches often fail to capture the nonlinear interactions
among weather variables, socioeconomic factors, holiday effects, and past consumption patterns
(Saglam et al., 2019). As a result, researchers and practitioners have increasingly turned to machine
learning (ML) models that can inherently model high-dimensional, nonlinear relationships without

strong prior assumptions about data distribution.

This study addresses the time series demand forecasting problem for thedTutkish ‘electricity
market. Two powerful gradient boosting methods, the Light Gradient Boosting Machine (LGBM)yand
the eXtreme Gradient Boosting (XGBoost) models, were applied as part of the empirical analysis: The
forecasting accuracy of the models was evaluated using R? (coefficientpof determination) and MAPE
(Mean Absolute Percentage Error) metrics. The findings demonstrate that LGBM and, X GBoost perform
well in forecasting Turkish electricity demand, and the study provides a methodological framework for

energy planners and market operators.

2. LITERATURE REVIEW

Accurate forecasting of electricity demand is critical for grid stability, security of supply, and
market efficiency. Due to the economic limitations of electricity storage, a real-time balance between
supply and demand is necessary. Thisichallenge hasibecofme even more complex, particularly with the

integration of renewable energy sources intoithe system (Mystakidis et al., 2024).

Traditional methodsfinclude ARIMA, SARIMA, and exponential smoothing models. While these
methods are successful‘in modeling linear relationships and seasonal patterns, they are insufficient in
capturing compleX nonlinear dynamics such as weather conditions, calendar effects, and consumer
behavior (Mystakidis'etal., 2024). Therefore, researchers have turned to machine learning methods that

can model high-dimensional and nonlinear relationships (Liu et al., 2026).

Recently, various tools and strategies have been developed to predict energy use. Some of these
tools“and/teehniques include: linear and multiple linear regression models (Bilgili et al., 2012),
autoregressive integrated moving average methods (Barak and Sadegh, 2016), grey model (Wang et al.,
2022), “attificial neural networks (Demircioglu and Esiyok, 2022), adaptive network-based fuzzy
inference system (Bilgili et al., 2021), support vector regression (Meng et al., 2022), long-term and
short-term memory (Bilgili et al., 2021), random forest model (Shin and Woo, 2022), convolutional
neural network method (Atik, 2022), and hybrid models (Jin et al., 2022; Tutun et al., 2023).
Demircigolu and Esiyok (2022) attempted to estimate Tiirkiye's energy consumption using an ANN
model. To create an accurate estimate of Tiirkiye's electricity demand, Hamzacebi et al. (2019) used

both ANN and SARIMA models.
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3. METHODOLOGY AND DATA

3.1. Study Area and Data Source

This study focuses on the Turkish day-ahead electricity market, which is operated by EPIAS
(Energy Markets Operation Company). The day-ahead market is a critical mechanism where electricity
supply and demand are balanced for the following day through a uniform-price auction system.
Participants submit hourly bids and offers, and the market operator clears each hour of the following
day, determining the Market Clearing Price (PTF) and ensuring system reliability ..Accurate demand
forecasting in this market is essential for market participants to develop effective bidding strategies,

manage energy contracts, and minimize imbalance costs .

The electricity demand data used in this study were obtaimed from the “official EPIAS
Transparency Platform (https://cas.epias.com.tr). Specifically, hourly gross ‘electricity demand data for
the year 2020 were collected. The dataset includes time-stamped consumption values reflecting real
market conditions. The choice of 2020 as the study period allows for capturing regular seasonal patterns

and operational characteristics of the Turkish electricitymarket.

Before model development, the raw time series datayunderwent preprocessing procedures.
Missing values were checked and handled.through lineatiinterpolation. The dataset was structured for
supervised learning by creating lagged features\based on temperal autocorrelation analysis. Following
the "known-at-bid-time" principle €ssential fof day-ahead forecasting, features were constructed using
only information available before the marketiclosure/time . Calendar features including hour-of-day,

day-of-week, and holidaydndicators were,extracted to capture periodic patterns in electricity demand.

The dataset was split inte training and testing sets using a chronological split to prevent data
leakage and respect temporal orderjThe first 80% of the data (approximately 10 months) was used for
model trainifig, while“the remaining 20% (approximately 2 months) was reserved for testing and

performance evaluation.

3.2. Forecasting Models

XGBoost is‘@scalable tree boosting system developed by Chen and Guestrin (2016). It builds an
ensemble of decision trees sequentially, where each new tree corrects the errors of the previous trees.
The algorithm incorporates regularization parameters to prevent overfitting and uses efficient tree
pruning techniques. The objective function combines a loss function with complexity regularization,
and second-order gradient statistics enable faster convergence. XGBoost has demonstrated strong
performance in electricity demand forecasting applications due to its ability to capture non-linear

relationships and handle mixed data types (Ulu and Klig, 2026).

LightGBM, developed by Ke et al. (2017), is a gradient boosting framework that introduces two
key innovations: Gradient-based One-Side Sampling (GOSS) and Exclusive Feature Bundling (EFB).
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GOSS preserves instances with large gradients (underfitted samples) while randomly down-sampling
instances with small gradients, maintaining accuracy with reduced computational cost. EFB bundles
mutually exclusive features to reduce dimensionality. LightGBM uses a leaf-wise tree growth strategy
rather than level-wise growth, which can lead to faster training and lower error rates compared to

traditional gradient boosting methods (Ulu and Kilig, 2026).

3.3. Performance Evaluation Metrics

To evaluate and compare the forecasting performance of the XGBoost and LightGBM models,

two widely adopted regression metrics were employed (Akturk et al., 2025).

R? (Coefficient of Determination) measures the proportion of variance in theidependent vasiable
that is explained by the model. It ranges from 0 to 1, where values closente, 1 indicate better explanatory

power. The R? is calculated as:

Y =92
R2=1-—%i=7t 71 1
Zl=1(yl_y)2 ( )

MAPE (Mean Absolute Percentage Error) expresses prediction accuracy as a percentage,

making it interpretable and scale-independent. It is calculated as:

0, n R+
MAPE = 22%% E =iy (2)
n i=1 Yi

Lower MAPE values indicate higher forecasting accuracy (Akturk et al., 2025).

4. FINDINGS

In this studygftwo differentigradient boosting algorithms, XGBoost and LightGBM models, were
used for day-ahead demand)forecasting in the Turkish electricity market. Experiments were conducted
on hourly electticity demand data for 2020 obtained from the EPIAS platform. The dataset was divided
chronologicallyjinto training (80%) and test (20%) while maintaining the time series structure. The
training set\consisted of approximately 10 months (7,008 hours) of data, while the test set covered
approximately'2,months (1,752 hours) of data. The performance of the models was evaluated using R?

(coefficient of determination) and MAPE (Mean Absolute Percentage Error) metrics.

To understand the data structure and demand dynamics that form the basis of the modeling phase,
the temporal behavior of the dependent variable was first examined. In this context, the variation of

average electricity demand according to the days of the week is presented in Figure 1.
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Average Electricity Demand by Day of Week
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Figure 1. Average Electricity Demand by Day of Week

Figure 1 shows the average electricity demand by day ofithe week. On weekdays, demand ranged
between 21,948 and 22,075 MWh, with thephighest weekday demand observed on Tuesday (22,075
MWHh). On Saturday, demand remained ‘close to weekday levels at 21,950 MWh, while on Sunday,

demand reached its highest value of the'week at22,125 MWh. This can be explained by the increase in
Weekly Seasonality of Electricity Demand
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electricity consumption in residential areas on Sundays. The obtained weekly pattern was successfully

learned using the "day of the week" variable in the models, contributing to the accuracy of the prediction.

Figure 2. Weekly Seasonality of Electricity Demand
Figure 2 shows the weekly seasonality pattern in electricity demand (average demand by week

number). Examining the graph, a gradual increase in demand is observed from the beginning of the year



ICOAEF-XV International Conference on Applied Economics and Finance
May 11"-12", 2026 / Bishkek- KYRGYZ REPUBLIC

(week 1). Demand starts at high levels in the first weeks corresponding to the winter months, and
experiences a slight decrease with the transition to spring. In the summer months (approximately weeks
25-35), a significant increase in demand is seen due to increased consumption related to air conditioning.
Demand rebalances in the autumn months (weeks 40-45), and towards the end of the year (weeks 48-

50), a decrease occurs due to holiday periods and the slowdown in economic activity.

Figure 3. Average Electricity Demand by Season

Average Electricity Demand by Season

22100 +

22075 H

22050 4

22025 A

22000

Demand (MWh)

21975 4

21950 4

21925

21900

Winlter Sprling Su mlmer AutLl,lmn
Season
Figure 3 shows the seasonal averages of electricity demand. Examining the graph, the highest
demand level is observed in Summer (apptoximately 22,075MWh), followed by Spring (approximately

22,000 MWh), Autumn (approximately, 21,950 MWh), andyWinter (approximately 21,925 MWh).

The peak demand in Summeris mainly, due to the intensive use of air conditioning and cooling
systems, particularly in hotiWweather conditions. Demand in Spring remains quite close to summer levels,
while a noticeable decrease i$observed in Autumn and Winter. The lowest demand level in Winter can
be explained by theé more widespread use of alternative heating sources such as natural gas instead of
electric heating in Tiirkiye. Additionally, tourism activities and increased commercial/residential

consumption dufing the summer months are other factors that drive demand upwards.
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Figure 4. Weekly Electricity Demand Patterns by Season

Weekly Electricity Demand Patterns by Season

Winter Spring
221004
22250
22200 22050
= 4
Z 22150 H
£ -3
© 22100 o 22000
2 2
5 5
£ 22050 E
& & 21950
22000
21950
21900
! " ! r r r ! T ’
» r-?’ﬁ '_s,'b'\ Abtﬁ \b@“ (bi‘ i o ago"\ "bi‘ Gl \55* ‘@‘\ o
& ¢ AT & & LA & 4
2 A Ed &b <& L
&
Day of Week Day of Week
Summer Autumn
22050
22150
22000 4
_ _ 22100
< 219504 £
S £ 220501
o 21900 4 g
g E 22000
21850
2 & 21950
21800 4
21900
217504
T T T 21850 4 T T T T T
@ o o 3 B o o o o o W o el o
& & & & & o & & & & & <« 5 3
< & &é‘ $ + -~ q!Lb“ & P

Day of Week Day of Week

Figure 4 shows the weekly patterns of electricity demand by/season (Monday to Sunday). When
examining the four seasons, significant differences(are observed in the distribution of demand during

weekdays and weekends.

In winter, weekday demand is genefally high, with the highest value recorded on Tuesday (22,250
MWh). It also maintains high levels.onyWednesdagi(22,1 50 Wh) and Thursday (22,100 MWh), while
it drops to its lowest level on Saturday (22,000 MWh)JThe peak demand on Tuesday during the winter

months is noteworthy.

In spring, sumpier, and,autumn, the ‘demand patterns are quite similar. In these three seasons,
Monday is the lowgést point of theweek at 21,950 MWh, while demand from Tuesday to Sunday remains
stable around 22,050 M Wh or showswery small fluctuations.

Particularly'during spring and autumn, the difference in demand between weekdays and weekends
decreases)yand demand exhibits a more balanced distribution. In summer, a pattern prevails where

demand starts low on Monday, rises from Tuesday onwards, and remains stable throughout the week.

These,findings demonstrate that seasonal factors have a significant impact on weekly demand
patterns; The peak demand on Tuesday during winter and the lowest demand on Monday during
spring/summer/autumn highlight the need for models to learn about "season," "day of the week," and
the interaction between these two variables. The XGBoost and LightGBM models successfully modeled

these complex interactions, achieving high prediction accuracy.

These high-dimensional seasonal and daily interactions, detailed in the figures, justify the use of

powerful machine learning algorithms that go beyond traditional time series methods. Accordingly, the
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quantitative prediction performances of the XGBoost and LightGBM models on the test dataset are

summarized and compared in Table 1.

Table 1. Performance Comparison of the Models

Model R MAPE (%)
XGBoost 0,89 7,23
LGBM 0,86 8,77

Table 1 compares the day-ahead demand forecasting performance of the XGBoost and LightGBM
models for the Turkish electricity market using R? and MAPE metrics. The XGBoost model‘explained
89% of the variance in actual demand with an R? value of 0.89, and its MAPE valueyef7.23 indicated
an average forecast error of approximately 7%. The LightGBM model, on the other hand, explained
86% of the variance with an R? value of 0.86, and its MAPE value'of 8.77 produced an average error of

approximately 8.8%.

When comparing the two models, the XGBoost model performéd better than LightGBM in both
metrics. XGBoost's R? value was 0.03 high@rthan LightGBM's, and its MAPE value was approximately
1.54 points lower. These findings demonstrate that XGBoost produces more accurate and reliable results

in forecasting Turkish electricity demand€empared to LightGBM.

The R? values obtaine@by both'models (0.86and 0.89) are at acceptable high performance levels
in the literature. The MAPE values (7.23%jand 8.77%) are at a level that can be used in practical
applications for day=ahead market operations. In particular, XGBoost's achievement of a lower MAPE

value of 7.23% reveals thatithis model is more preferable in demand forecasting.

5. CONCLUSION

This study empirically investigated time-series demand forecasting for the Turkish day-ahead
electricity’ market using two powerful gradient boosting methods, XGBoost and LightGBM. Hourly
electrieity demand data for 2020 obtained from the EPIAS Transparency Platform were used, and model
performances were evaluated using R? and MAPE metrics. The descriptive analyses revealed that
electricity demand exhibits strong seasonal and weekly patterns, with peak demand observed on
Tuesdays during winter (22,250 MWh) and during the summer season overall (22,075 MWh), while
Sundays showed the highest demand among weekdays (22,125 MWh). These findings confirm that
electricity demand in Turkey is driven by complex interactions between seasonal cycles, daily routines,

and residential consumption behavior.



ICOAEF-XV International Conference on Applied Economics and Finance
May 11"-12", 2026 / Bishkek- KYRGYZ REPUBLIC

Quantitatively, the XGBoost model achieved an R? of 0.89 and a MAPE of 7.23%, outperforming
the LightGBM model which yielded an R? of 0.86 and a MAPE of 8.77%. Both models demonstrated
acceptable forecasting accuracy for practical day-ahead market operations; however, XGBoost
consistently provided more accurate and reliable predictions across all evaluation metrics. The superior
performance of XGBoost can be attributed to its regularization framework and efficient tree pruning,
which effectively capture the nonlinear seasonal and weekly patterns identified in the exploratory
analysis. Future research may extend this work by incorporating exogenous variables such as
temperature, holiday effects, and economic indicators, as well as testing deep learningsarchiteetures like
LSTM or hybrid models. Additionally, expanding the dataset to include multiple years‘and applying
probabilistic forecasting approaches could further enhance prediction rgbustness and \uncertainty

quantification for the Turkish electricity market.
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AI-SUPPORTED CODE REVIEW TOOL: QUALITY CONTROL AND AUTOMATION IN
SOFTWARE DEVELOPMENT PROCESSES
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ABSTRACT

In today’s digital economy, the architectural complexity of softwarepsystems increasingly
challenges the limits of traditional quality control methods. In particular, the widespread adoption of
microservices and cloud-based large-scale systems has transformed manual codeyreview processes into
a significant bottleneck, making a fundamental paradigm shift toward automated-qudlity assurance
inevitable within the industry. This study proposes a comprehensive artificialyintelligence (Al)-
supported code review framework designed to enhance\both theytechnical resilience and overall
efficiency of the Software Development Life Cycle (SDLC) M raditional peer review processes discussed
in the existing literature inherently impose a high cognitive burden on developers and create conditions
prone to unavoidable human errors. Thegaccumulationlof these errors leads, in the long term, to
increased technical debt and costly operational expenditures for software projects.To minimize these
risks, this study strategically levérageshadvdanced machine learning paradigms and deep learning
approaches. The theoretical framewerk synthesizesdNatural Language Processing (NLP) techniques
with static code analysisgprinciples in ayhybrid\ structure within the context of data-driven software
engineering. Throughout the, methodological process, the Python programming language was
effectively utilized for advanced data management and model development stages. To train the neural
architectures, large-scale software ‘vepositories gathered from diverse sources were subjected to
rigorous preprocessing and curation procedures, enabling the detection of complex semantic
vulnérabilities “and dperformance-oriented structural bottlenecks. Preliminary evaluation results
obtained within the scope of the study indicate that the proposed Al-based model has the potential to
significantly improve both review output speed and defect detection accuracy compared to conventional
methods$y, In particular, the autonomous structure of the system enables the early elimination of low-
level errors, allowing human resources to focus on more complex design-related problems.
Consequently, the research demonstrates that integrating intelligent automation solutions into code
review processes not only optimizes human capital but also creates a sustainable economic advantage

for organizations by reducing long-term maintenance costs arising from security breaches and software

defects.

*Graduate  Researcher, Istanbul Nisantasi University, Computer Engineering, Istanbul/ Tiirkiye, E-mail:
batikankaranlik@hotmail.com.

**Assoc. Prof, Istanbul Nisantasi University, Management Information System, Istanbul/ Turkiye, E-mail:
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1. INTRODUCTION

In the world of software application tools that run as applications on a computer aresho longer
just tools. They have become strategic business applications that affect how a business operates and how
it delivers value to its users in terms of usability and competitiveness. Thus, there ar€ many dimensions
to software quality, often referred to as software product quality, including correctness, maintainabilitys
performance, reliability, and evolvability. The major process that promotes|these qualities of software

systems is the code review process.

There are some disadvantages to code reviews, including the reliance on a reviewer who might
not have the required knowledge, is overworked, or simplysdecs not have enoughstime to complete a
review. Today’s software development processes are changing quickly. Individual development teams
are no longer working in isolation; instead, cross-fufictional groups are\creating and maintaining code,
which are then used by other groups. Because of the Very shortireleaseycles, seemingly safe code can
have completely unexpected interactions that.severely impact the application. For example, apparently
simple code to pull a single element off of an array could go wrong in very unexpected ways given the
wrong input. In other cases, seemingly safe code (such as twe identical looking loops) may not have any
noticeable affect on a small dataset'of test data but severely affect the application as the dataset grows

in size. The redundant loop example would be a teview scenario.

The key challenge being addressed in this research is the possibility that defects might be
overlooked and thatytechnical debtiean build up as a result of conducting code reviews using manual
inspection alone. With‘an Al-based decision support system, however, code can be automatically pre-
reviewed and the developerwill be advised which lines or functions pose a threat. It is important to note
here that'the aimisfot to'eliminate developers from the process but merely to assist them in reviewing

code.

The research has been conducted by means of posing a set of three questions. Can one predict
whetherthe code fragments were created manually or with the help of artificial intelligence tools? Are
there,eléements of the structure that can lead to logical or runtime errors or even result in software bugs?
Can one classify the necessity for code optimization according to the aspects of performance, readability,

or maintainability?

2. LITERATURE REVIEW

The development of code analysis with artificial intelligence takes place at the crossroads of

natural language processing, software engineering measures, and machine learning approaches. One

12
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significant basis for code analysis is the Transformer model since the attention approach can detect the
dependencies between distant elements of sequences. Code, despite being an element of the
programming language, has contextual relations such as variable names, function invocations, control
and data flows. As a result, code cannot be viewed just as a sequence of characters but also as its semantic

structure.

Code comprehension models like CodeBERT, GraphCodeBERT, and CodeT5 can befemployed
in various applications, including code search, documentation creation, defect prediction, and_code
classification, through learning the connection between programming languages and natural language.
These models tokenize the source code and convert it into numerical embeddings. Through “these
techniques, data like function names, use of variables, APIs, and context can be extracted for machine

learning purposes.

Software defect prediction research provides several data sources like Defects4d;#Code XGLUE,
and Devign that can be used for experimentation with examplesyof defective code snippets and examples
of code snippets without defects. These data sources are useful because they provide labeled data, which
allows the model to understand what kind of code snippetsishould’be treated as defective and what kind
of code snippets should be considered as clean code snippets.\Besides, classical software metrics are

important since they provide numeric hintss

Recently, differentiation between human-generated code and artificial intelligence (Al)-generated
code has also emerged as another area of'tesearch. Code stylometry can give us data about the manner
in which a code is created based omyparameters dike naming conventions, commenting tendencies,
repeated use, and formatting. In relation toycurrent research, the contribution of the present work lies in
the fact that, unlikefothers, itiintegrates all three of these factors into one decision support system

framework.

3. METHODOLOGY

Thecurrentré€searchiimplements source-code analysis in three distinct yet connected supervised
machine leamning problems. The first problem involves determining the source code's origin, whether it
was developed by humans alone or through the assistance of intelligent software. The second problem
entails checking whether the code suffers from any run-time bug, logical flaw, or structural defect that
canyaffect its reliability. The final problem includes determining whether there is a need to optimize the

source code in terms of performance and maintainability.
3.1. Structure in Dataset Creation

The proposed dataset is created through the amalgamation of codes from multiple sources. Actual
code written by developers is taken from GitHub, which forms part of human-generated samples,

whereas defect datasets are employed to generate defective and non-defective samples. Al-generated
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codes are generated for the problem statement provided and act as a comparison sample for code origin
detection. Static analysis outputs including complexity, duplication, code smells, and boundary check

detectors assist with optimization and defects detection.

The most important phase in this whole process is the labeling stage since it determines what the
right answer should be for the machine learning model to learn from. If it helps, the analogy of labeling
in this context would be the answer key given by the tutor in class for a non-technical audiefice. As an
example, if the code has an access pattern such as “users[index]’, and there is no boundary checking in
place, it could be marked as high-risk when it comes to defect detection. Other exaniplesiinclude nested

loops, lengthy functions, and repeated conditions.

Feature extraction does not simply involve feeding the model raw code but transforming thé ¢ode
into numerical or semantic clues. The examples of semantic features imeludefunction\and variable
names, token interactions, API interaction patterns, and model-generated embeddingsylike CodeBERT.
Examples of structural features include metrics such as linesgof code, cyclomatic complexity, nesting
depth, length of functions, and number of arguments in function definitions. Examples of quality and
risk features include the existence of boundary checks, error handling,\code duplication, and possible
null references. Essentially, the label represents thesolution,while the feature is a hint toward that

solution.

The modeling phase suggests a combined approach JTransformer models can be applied in order
to extract contextually relevant informatiomyfrom the source code itself, while static code metrics would
help to make the model more understandable. €lassifiers are being developed for each specific task in
the last layer. Consequenitly, apart from @btaining a binary classification such as risky or clean, the
framework is also offering a structure that shows why the code was classified as such. This is done using
independent datasets,for training, validation, and testing, and by measuring accuracy, precision, recall,

F1 score, andROC-AUC.

Table 1. Representative Model Input Structure

Sample 1D Language Source C({d‘e Defect label | Optimization Statl?
origin metrics
. Non- LOC: 18|
GHAWPY 0017 Python GitHub Human defective None CC: 2
DEF JAVA 112 | Java Defects4] Human Null Medium LOC: 64|
- - reference CC: 8
. Boundary . LOC: 47 |
DEV_.C 0041 C/C++ Devign Human check High CC: 7
Non- LOC: 24|
Al PY 023 Python LLM output | Al defective Low cC: 3
GH_JS 0089 | JavaScript | GitHub Human | onhandled )y dium LOC: 35
error CC:5

Note: The table is representative; in real experiments, each row corresponds to a function, file fragment, or commit example.

4. FINDINGS
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The outcomes presented at the conference level should not be considered as definite values but
only as prototype values for the thesis outcome. The intention behind providing these prototype values
is the presentation of the methodology that will be adopted in reporting the research and interpretation
of the measures used. From the initial assessment, it is clear that the code origin classification problem
performs best. This is because there exist distinctive features among human-coded and Al-coded

languages, which include writing style, explanation density, repetitions, and formatting.

The defect-detection task is more difficult than the other two tasks. This is because understanding
whether code is truly defective often cannot be achieved only by looking at surface-leveltext; execution
context, data types, input values, and project dependencies are also important. For this reason, accuracy
alone is not a sufficient performance indicator in defect detection. Recall and F1, which balance secall

and precision, must be evaluated together, especially to avoid missingaeal defeets.

Classification of optimization-need using optimization-need classificationjwesults in more
balanced outputs due to the contribution from static metrics. High cyclomatic complexity, long function,
loop nesting, or code duplication are some justifiable reasons for Optimization and refactoring needs.
From this perspective, the optimization problem is not solely depéndent on predictions from the model

but rather on interpretable software metrics.

Table 2. Preliminafy Task-based Performance Summary

Task Accuracy Precision Recall F1 ROC-AUC
Human / AL 92.1% 92.6% 90.4% 91.5% 96.1%
code detection

Bug / defect 80.7% 78:4% 75.3% 76.8% 84.6%
detection

I?g(‘lmlza“"“ 86.2% 84.1% 81.8% 82.9% 89.2%
Overall macro |~ 85.0% 82.5% 83.7% 90.0%
average

Note: Values represent a prototype/pilot evaluation seenario and will be updated with actual training and test results in the final thesis stage.

5. EYALUATION METRICS AND RESULTS

In analyzing the performance of any model, there are four elements, namely accuracy, precision,
recall, and,F1 thatineed to be looked at individually. Accuracy indicates the proportion of the overall
prediction thatyis true. In this regard, it is important to point out that where there are more good codes
than defective codes in the dataset used for training purposes, accuracy could be high because the model

would'stmply predict many samples as good codes.

The precision measures how many times the predictor is accurate when declaring the presence of
a defect in the code snippet. If the precision is low, then it indicates a high rate of false positives from
the system and potentially wasted time of the software developer. On the other hand, the recall

determines the number of real defects that are correctly detected by the system. A low recall value
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indicates that the real defects go undetected, and this poses a serious threat to deployed code. F1-score

is the combined metric of both precision and recall.

Confusion matrix approach is another perspective that will aid you in interpreting the results
obtained from this research. A true positive means that the machine learning algorithm accurately
identifies a risky code segment as being risky. A true negative implies that a non-risky code segment
has been properly identified as such. A false positive takes place if the non-risky codessegment is
incorrectly classified as being risky. Such misclassification increases the cost associated with_code
review. On the other hand, a false negative occurs if the risky code segments argfoverlooked by the

system. This is the most serious case for defect detection purposes.

6. DISCUSSION, LIMITATIONS, AND FUTURE WORK

The main benefit of the new method proposed here is that itiviews source=code analysis as a
multidimensional problem of quality assurance rather than just defect detection. If all three factors of
the code origin, potential defects, and optimization need [are considered at once€, the coder will have
access to more information. This scheme can be applied when conductinga pull request pre-check,

CI/CD quality gate control, technical debt management, and‘in the caselof mentoring sessions.

But there are some drawbacks to thissesearch. Theprogramming languages and projects involved
in the dataset can influence the validity ofithis model. Defect detection can be impacted by the presence
of class imbalance, incorrect labels, andylack of context. Also, the samples of Al-generated code can
differ due to the version of the madel and‘the prompts. Moreover, since false positive alerts could

contribute to developer bufnout, the thresholds have to be adjusted.

To continue th@researchiin the future, the first steps include extending the dataset with different
programming languages and opens=source projects as well as real-life defects. Then, experiments on
advanced c@de-language models, creation of line-level explanation tools, and developer feedback
through user studiesyshould take place. Finally, at the thesis stage, we should substitute the prototype

metfics with realiresults oftraining and testing.

7. PROTOTYPE,TOOL WORKFLOW AND APPLICATION SCENARIO

With respect to the practical aspect of this research, the suggested prototype can be viewed as
additional quality control tool during software development cycle. Under normal conditions, a developer
submiits a function, a code snippet or a commit to the system prior to making a pull request or performing
code merge operations. The code undergoes pre-processing by the system in order to obtain a number

of probabilities for each of the three aspects, such as source, potential bugs and code optimization.

Besides making the predictions, the main advantage of the prototype lies in its ability to produce
an understandable explanation report. For instance, in case the model detects a high risk associated with

a function, it is able to describe it in natural language that this particular line of code has no boundary
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checks, does not have the check of None value, and so on. With such explanations, it becomes easier for

a developer to understand not only the presence of risks in the code, but also the reasons behind it.

System outputs may also become more informative due to the explanation layer based on large
language models, e.g., ChatGPT or Gemini. But what needs to be kept in mind here is that the language
model needs to serve as an explanatory assistant rather than making decisions. Indeed, it will be
necessary to verify whether the proposed correction is appropriate in the given project envit@hment by
the developer. This is why we apply the concept of human-in-the-loop for the architecture of our

prototype.

Such a process is expected to offer three key advantages to a software development team. Firstly,
it will be possible to pre-filter low-priority bugs, thus saving on time spent during the teview. Secondly,
it will be possible to use review resources effectively since high-riSk segments, will receive priority
treatment. Finally, the output of the models can be adjusted according to developersiyfeedback, which
implies that the model will continuously develop alongmwith changing orgamizational quality

requirements.

8.CONCLUSION

The presented research indicates that:the Al-aided €ede review solution can become a significant
decision support element for the quality assurance and automation in the software development process.
This system was developed with afviewito analyzing the code in terms of its origin, the possibility of
defects occurrence, and the need for code, optimization, providing the programmer with clear,
measurable, and prioritized suggestions.fThus, the major contribution of the suggested approach is the
ability to change a code review process from being an arbitrary activity to being systematic and
measurable. Nonetheless, the reliability of the suggested system should be considered in connection

with the quality of datayanalyzed, theirproper labeling, and human confirmation.
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FRAUD DETECTION IN THE BANKING SECTOR BASED ON BEHAVIORAL
BIOMETRICS: AN ANALYSIS WITH MACHINE LEARNING APPROACHES

Beyza KORKMAZ"
Ezgi DEMIR"

ABSTRACT

The banking sector has gone through a technological revolution ifi 'the last decade. Mobile
banking apps, real-time payments, Open Banking and digital account openings have tucreased access
to financial services significantly and have brought about considerable efficiencies to banks. Digital
banking offers new opportunities to service delivery for banks and new channels for customers to
bank. The traditional form of banking by way of branch nefwork and hand written signatures has given
rise to complex threats as opposed to the earlier metheds,of fraud. Online banking, mobile banking and
other platforms of banking have given rise to various types of cyber attacks which could compromise
customers’ account information. Therefore, the need toyincorporate fraud detection system that can
mitigate various types of online cyber attacks in the fraud lamndscape today. In this paper,it has been
tried to explore on how Behavioral Biometrics ¢ould be integrated into a Fraud Detection System using
Machine Learning to protect online banking users from fraud by fraudsters who intend to misuse
customers’ online bankingdecounts. Behavioralbbiometrics monitor users’ behavior on devices such as
computers, smart phomnes, tablets etc. and kecognize a set of typical habits that users perform
subconsciously while using their respective devices. These typical behaviors include the manner in
which users type ontheir vespectivedkeyboards (i.e. their respective keystroke speeds and time gap
between individual, keystrokes), their respective manner of using respective computer mouse(s), their
respective manner of tapping on the respective touch screen(s) etc. The aforementioned typical
behaviors of users are usually unique to respective individual users and would be extremely difficult
forwattackers to tmitate and thus fraudulently access online banking accounts belonging to respective
individual useks. Behavioral Biometrics behaves as an additional passive layer of authentication to
complement existing predominantly static forms of online authentication. It continuously monitors
users: behavior and activities performed by respective online users while they are accessing respective

online banking systems.
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The research presented in this aspect is a quantitative, experimental research. The required data
for user behavioral profiles is collected from publicly available benchmark datasets as well as from
artificially generated banking scenarios. Five machine learning models, i.e. Logistic Regression,
Random Forest, Support Vector Machines, Artificial Neural Networks as well as unsupervised anomaly
detection with Isolation Forest, have been implemented and evaluated. The achieved performance of
the models have been measured by five standard metrics, i.e. accuracy, precision, recall, F1-score and
ROC-AUC. The main hypothesis of this research is that behavioral biometrics for online user
identification and attribute determination significantly increases the fraud detection performance of:
current fraud detection methods and techniques, and that there is a trade-off between interpretability,

sensitivity and cost-effectiveness of methods and techniques as well as corresponding algorithms.

Keywords: Anomaly Detection, Banking Security, Behavioral Biometrics,WFraud Detection,”Machine

Learning.

JEL Codes: C55, C88, M15.

1. INTRODUCTION

Bank fraud, conducted by forgers, identity thieves andhacceunt hijackers, is not new to the
financial services sector. But it has been €hanged at pace howeyver is the volume, speed and stealth of
such activity. Today a cybercriminal attack can beshappened in a coffee shop anywhere in the world,
using free public Wi-Fi, testing online aceounts for vulnerabilities in a matter of seconds. This would
previously have taken hoursor even days to achieve; writing out and perfecting forged documentation.
And in contrast to a forged document or fraud perpetrated in a bank lobby, with the individual’s face on

bank’s camera, the digital trail'left by the cybercriminal is extremely difficult to detect.

Unfortunately mostfof today’sysecurity solutions are not yet sufficient to keep up with today’s
development. Passwords based on static data, mainly used for traditional web applications, are mostly
lost as part ofthuge-phishing campaigns, credential-stuffing attacks or even re-used from already
compromised data sources in the dark web. Even better One-TimePasswords (OTPs), which are mainly
used in“additional,authentication factors, are prey to SIM-swapping attacks or social engineering as
well. Hardware-tokens such as one-time-passwords (OTP) or SmartCards bring a high amount of
additional friction, what most customers do not accept for everyday business. Unfortunately until now
therelis no single authentication-method to be used in mass-market business which is sufficient for

security requirements. The unsolved contradiction between security requirements and usability is not

solved yet. (Aktay & Soykut Sarica, 2024).

Behavioral biometrics, also known as behavior-based authentication, is an up-and-coming
alternative for password and token-based methods, which has been failed. Passwords, PINs, tokens,

smart cards and one-time password generators can both be lost or stolen and then used by an impostor
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to gain access to resources. Something you do, on the other hand, is inherently tied to the authentic user.
While you are using your application is typically involuntary (i.e., the user does not have to do anything
to provide the biometric), an impostor would have to mimic the behavior of another person in real time
and for a long duration of time in order to provide something that mimics something that another person
does. Although not foolproof, behavior over time is difficult to mimic. Thus, behavioral biometrics can
create unique authentication signals, such as keystroke dynamics (i.e., users’ typing patterms that are
something that they know and that are affected by the years of prior muscle memory thatithe user has
developed), mouse movement patterns and other behavior. These authentication signals gan be used for
verification during a transaction, such as online banking, without requiring the user’s cooperation, they

do not expire and they do not degrade when credentials are stolen. (Martinez Pazos et al., 2023).

The large amounts of high-dimensional and temporally-rich data generated by user interaction
with a service can be used in conjunction with machine learning to recognize and prevent fraud. The
data is poor for simple rule-based classification as the patterns that identify genuine users from those
attempting to commit fraud are too complicated and too variable toybe easily identified by any single
fixed-threshold rule. In supervised learning of high-dimensional'data with complex patterns, methods
such as Random Forest and Neural Networks can be used to identify appropriate patterns within labeled
training data by discovering non-linear decision boundariesy In unsupervised learning, the data can be
analyzed for patterns of behavior and for outliers identified as behavioral anomalies by methods such
as Isolation Forest that are specifically designed to identify individual instances of behavior that are
outliers in behavior by otherusers. However, withifi ‘operational datasets, there is often a delay in the

labeling of instances of fifaud. (Aslan, 2024).

In order to provide a comprehensive comparison of various behavioral biometric features in
different scenarios of fraud detectionythis study ties together several threads. It especially compares the
different features while they are combined with a variety of machine learning algorithms for fraud
detection in online banking. Thus, this study not only provides an empirical investigation of how to
choose the best set of algorithms for fraud detection in online banking, but it also informs practitioners

and researchers alike of the results of this investigation.

This paper has been organized as follows: in section two it has been presented the related
literature on fraud detection, behavioral biometrics and machine learning in financial services. In section
three it has been described the research methodology, data sources, data preparing process and
evaluation framework. In section four has been providing each of the machine learning models which
has been used in the study. In section five it has been highlighted expectations and discussed the
implications of our findings from both a theoretical and practical perspective. In section six it has been

given the limitations of the study and outline potential future work.
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2. LITERATURE REVIEW

2.1 The Evolving Fraud Landscape in Digital Banking

The scale of banking fraud in digitalized economies has grown substantially over the past decade,
and the mechanisms driving that growth are well documented. Donmez and Bagislar (2017) offered one
of the earlier systematic assessments of fraud incidents within the Turkish banking sector, cataloguing
the main event types and identifying the structural factors—rapid credit expansion, weak internal
controls, and inadequate regulatory oversight—that created fertile conditions for_misconduct. Theic
work remains a useful baseline, even if the fraud typologies have shifted significantly toward digital

channels since that time.

More recent contributions reflect that shift. Tunay (2024) provided a comprehensive taxonomy
of contemporary fraud attempts, including credential phishing, card-net-present fraud, account takeover,
and synthetic identity fraud, alongside an evaluation of existing prevention techniques. His conclusion—
that rule-based systems are inherently reactive and unable to generalize to \novel attack patterns—
motivates the machine learning focus of the presentstudy. Korkmazand Sogukoglu Korkmaz (2025),
in their bibliometric analysis of cybersecurity research in banking, identified an accelerating shift in the
literature away from perimeter security models toward behavioral and adaptive approaches, a finding

that contextualizes the present research within‘abroader disciplinary movement.

2.2 Digitalization and the Emergence of New Risk

The Financial technelogy also brings ‘@ number of risks, despite the fact that the Financial
technology makes the finaneial sector moreefficient. The banking sector has entered the Banking 4.0
era, described by Elitas and Arslan (2024). Banking 4.0 represents a new era for banking by managing
the physical distribution nétwork by intelligent digital platforms that are interlinked to each other. Each
interface is @ risk factor for financial service providers and, in addition, online transactions are

processed at high speeds; thus they do not provide enough time to classical fraud control systems.

Akarsu Aydin and Tunali (2025) studied the influence of fintech on credit risk in their panel data
analysis. Results indicated that besides the classical credit scoring models, digital lending and other
types of fintech are introducing new risks in the credit risk measurement of the financial institutions.
Aktay and Soykut Sarica (2024) analyzed the digital transformation and the fraud detection of banks
and other financial companies by conducting a survey. Results of the research revealed that most of the
financial institutions in the sector are struggling to go digital due to the organizational resistance, while

the existing fraud detection systems are technically immature to battle the current fraud types.

2.3 Machine Learning in Financial Fraud Detection
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In the field of fraud detection using machine learning is already a mature research area that is
still very active. There is an increasing amount of data available for training a detector, and a large
and growing number of new methods and techniques for learning a detector. Giiven and Aras (2022)
presented a case study for implementing a fraud detection system for mobile payment transactions. In
the paper, the authors compare several classifiers for fraud detection in a mobile payment environment,
such as decision trees and their combinations in an ensemble, as well as logistic regressiongand naive
Bayes. The results obtained by the authors show that the ensemble methods clearly outperform the
individual decision trees as well as the logistic regression and naive Bayes methods; measured by
precision, recall, and Fl-score. The results of the comparison of the resampling methods for dealing
with class imbalance and the classifiers that are generated by these methods have also beengvery

inspiring for the author’s own work. This comparison is an importantgpart,of the used methodology.

Er, Ulus, and Akay (2025) are concentrating on the credit card fraud in their research. A feature
engineering pipeline is designed to generate a set of the behavioral aggregate features from the raw
transaction logs of the customers in the paper. The study results show that by using the more enriched
behavioral features, the recall of a model can increase by 10 to 15 percentage points compared to the
model that is trained by only using the raw transactional attributes. Therefore, there is a strong

quantitative argument supporting the feature engineering that is used in this study.

Aslan (2024) dealt with the problem of applying s@ipervised methods for the detection of fraud
cases. In particular methods based on isolation for detecting anomalies. As usual for correspondence the
labels for training arrived #vith a delay,of weeks, as well. Also the tested isolation-based approach

Isolation Forest is able to detect correspondence already in real-time and with sufficient quality.

Martinez Pazos et al. (2023) have recently introduced a deep learning approach for the detection
of fraud in anti-money laundering (AML) systems. The authors observed that using a recurrent neural
network it is\possible to train a model to learn from the sequential information in the transaction
histories of users. Shallowjclassifiers are not able to extract relevant information from such data, and
the madels preposeditherefore represent the upper limit of what can be achieved by using deep learning
for the purpose of fraud detection in AML systems. The results thus obtained can be used as a basis for
comparison with the results that are obtained by using the feedforward architectures that are tested in

this work.

2.4 Behavioral Biometrics as a Security Signal

Behavioral biometrics is based on the theoretical fact that human behavior (in particular: motor
behavior of humans) is very individual and very stable. There are a lot of publications on cognitive
neuroscience as well as on Human-Computer-Interaction which prove that for example typing-rhythms

are controlled by processes of the neuromotor system of humans which are mostly outside of the
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awareness of a person. In consequence these rhythms are very hard to imitate — not even by people
who try to imitate this behavior and who have a lot of motivation for that. Other examples of behavior
which are based on a human body and which are in almost every situation outside of the awareness of
a person are mouse behavior, touch-screen-gestures as well as behavior in interactive applications in
general. In banking, the use of behavioral biometrics for the purpose of continuous authentication
within online applications is particularly compelling. Because it is able to identify and flag in real time
suspicious activity by users, it will prevent even the rarest of cases of successful login using stolen
credentials from potentially leading to loss or damage by subsequent fraudulent transactions:
Furthermore, by continuing to verify every action of users who have already been verified byitheir
login process, behavioral biometrics provides an additional layer of security to online banking

applications that no other form of authentication can provide.
3. RESEARCH METHODOLOGY

3.1 Overall Research Design

This work is a quantitative experimental study. Our geal 1n'this work is to find out whether using
behavioral biometric features and going through machine learning classifiers can enhance fraud
detection in banking over what is possiblelwith currentytraditional methods. We will test various
approaches for transaction classification into normal and fraudulent ones on a number of test data sets.
In addition to ascertaining how much better the behavioral biometrics and machine learning approach is
to current methods for detecting fraud, we are, alseginterested in finding out the amount of increased
classification accuracy that s due to individual behavioral biometric features. These include keystroke
dynamics, mouse clicks dynamies (i.e. how users generally browse around a web site), and users’ normal
patterns of online banking transagtions. Our goal is to provide those banking and on-line service
providers with actual mambers of how well various sets of features can actually classify seemingly

identical transactions,as normal or not.

This study has a number of limitations. It uses benchmark test data together with simulations
rather thafi real-world data from individual institutions. So, while the study has allowed a comparison
of the'performance of different approaches to be conducted and the findings from the study can highlight
the relative merits of different approaches to the detection of fraudulent activity, the findings will only
translate to real-world situations following a detailed investigation into the absolute situation of an

individual institution and a considerable amount of subsequent calibration.

3.2 Data Sources and Dataset Characteristics

Behavioral biometric features for this study have been collected from two different locations. The
main set of features have been gathered from publicly available data sets that have been used in previous

studies on the subject of fraud detection. The publicly available data sets have been validated to be of
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high quality and used as a basis of comparison with results from other studies. The two data sets that are
used for this research are the IEEE-CIS Fraud Detection dataset and the keystroke dynamics benchmark
data set provided by Carnegie Mellon University.

A secondary behavioral data set has been developed to simulate several of the under-represented
attack scenarios, in particular a sophisticated account takeover attack where an attacker has access to
the detailed behavioral profiles of legitimate users, and manipulates their behavior ovefdtime for

fraudulent purposes.

The extreme class imbalance in the data is the main problem of this type of research. In‘the case
of the studied data there are hundreds of thousands of legitimate transactions andyonly few thousands'of
fraudulent ones. Therefore, any model for detecting of fraud could easily ‘obtain athigh accurdecy by
never predicting any fraud. In order to avoid this type of behavior the Synthetic Minority Over-sampling
Technique (SMOTE) is used for creation of more minority class observations in théyfeature space by
interpolating between the existing ones. The next step is thegrandom under-sampling of majority class

in order to reach the desired ratio of observations in the training data,(approximately 5:1).

3.3 Feature Engineering

Raw behavioral signals are not verygefficient to-work with directly in models. They contain
information which first has to be extracted, organized and transformed into features which represent
stable behavioral regularities in a meaningful way. Feature engineering for training behavior models of
authentication for online authentication in enline banking is divided into several stages in the here

presented approach.

First, low-level signal cleéaning: raw behavioral data contains a lot of device events which are not
relevant for typingbehavior. In feature engineering these so called irrelevant events are filtered out of
the raw behavioral datal Missing values in the remaining set of features are imputed by the session’s
median for that feature. Alllof the remaining features that are of type continuous are then normalized
usig min=max scaling. Because users work on very different devices normalization is done on a session
basis:That way effects of behavior change due to device differences are prevented while effects of

behavior change due to stress etc. are revealed.

In the second stage of feature engineering, we have created a number of session-level feature
aggregates. These include the various keystroke-dynamics features (such as the mean and standard
deviation of the inter-key latency) as well as the hold time for individual keys, which can, in itself, be
seen to reveal aspects of a user’s motor patterns when typing. We have, in addition, created a number
of the mouse-behavior-based features that we have referred to earlier (the mouse-velocity and the
mouse-curvature metrics) in addition to session-level features such as the length of time that a user
remains logged into the system (session duration), the number of mistakes that he or she makes (error

rate) and the various navigation-sequencing features, which (as has already been explained) reveal
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information regarding the sequences of, for example, mouse-clicks (or other navigation events) that a
user creates while completing a given task, within a particular application, in this case the online banking

application.

Temporal features capture the behavioral change of users over multiple sessions. Users that are
for instance typing faster and faster but in the meantime have a lower baseline than in the past (e.g.
stressed or even impostors) can be detected by such features. For each user we compute a set®of rolling-
window statistics (e.g. for the last 5 sessions of a user) that compactly describe the behavioral change

of a user over time.

The resulting feature space is of approximately eighty features per session, including keystroke
dynamics, mouse behavior, transaction timing behavior as well as session levelybehavioral drift

indicators.

3.4 Experimental Protocol

The combined dataset is partitioned into training (70%), validation (15%), and test (15%) subsets
using stratified sampling to preserve the fraud prevalence, ratiefacross splits. All preprocessing and
SMOTE over-sampling are fit on the training set only.and applied to the validation and test sets without

refitting, preventing any leakage of test-setdnformation imto the model training process.

Hyperparameter optimization for each model is conducted via five-fold cross-validation on the
training set, with the Fl-score for the fraud class used as the selection criterion. Final evaluation is

performed once on the held-out test set, and noyfurthéradjustments are made after test-set evaluation.

All experiments ate implemented in‘Rythion 3.11. Core libraries include scikit-learn (version 1.4)
for classical machide learning medels and preprocessing, TensorFlow 2.15 with the Keras functional
API for neural netwerk eonstruction, imbalanced-learn for SMOTE, pandas and NumPy for data

manipulation, and matplotlib together with seaborn for visualization.

3.5 Evaluation Metrics

Fraud detection is an asymmetric classification problem, where the cost of missing a fraud (false
negative) ishtypically much higher than the cost of wrongly flagging legitimate transactions (false
positive). However, false positives also have a cost, often termed customer friction, and significant work
by fraud analysts to review cases that were incorrectly flagged. Thus a set of metrics are typically is

used to evaluate the performance of fraud detection models, going beyond simple accuracy metrics.

Precision is important because it determines the amount of work that needs to be done by the
fraud analysts when reviewing alerts. They only need to investigate alerts that were produced by the
fraud detection system for suspected fraud. The amount of work can be kept to a minimum if the

precision is high. Recall measures the proportion of actual instances of fraud that were detected by the
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model. It is the primary security metric for banking fraud management. The F1-score is used as the
harmonic mean of precision and recall. The ROC-AUC score measures the models’ ability to ranking
(or sorting) instances of actual fraud higher than instances of legitimate activity. Importantly, the ROC-
AUC score is threshold independent, meaning it measures the models’ ability to discriminate between
classes of activity at all possible decision thresholds. Therefore, the ROC-AUC score is also an

important metric for us to evaluate the performance of the models.

All 5 measures are reported for the models studied. Because of the asymmetry, recall and F1-
score are the most relevant measures for the assessment of models for banking fraud, management.

However, also accuracy, precision and ROC-AUC are reported for completeness of the information:
4. MACHINE LEARNING MODELS

4.1 Logistic Regression

This is a basic model that we use as a baseline in ordértolcheck the models’finterpretability. As
mentioned earlier, Logistic Regression maps the input features to thellog-odds of the outcome variable
that we would like to predict in a linear fashion. After that, we apply the\logistic sigmoid function is
applied to the result in order to get a probability estimate that the,event has occurred. Logistic
Regression is a seemingly very simple model.}it has, however, several positive features. For instance,
the coefficient-estimates of the input-features are directly interpretable. Large positive coefficients for
features such as “unusual typing speed deviation’ can easily be explained. This is important in banking

applications where also the explanation of a deeisienfis required.

Logistic regression isyinherently simiple‘in how the log-odds of fraud is estimated as a linear
function of the input features. However, this linear function is mapped to a sigmoid function, logistic-
sigmoid, which outputs a probabilityafor a given set of input features. In spite of simple structure, the
coefficient estimates of logistic regression can be in fact very interpretable; i.e., large positive coefficient
for ‘unusual typing speed deviation’ would straightforwardly translate into model explanation
acteptable to banks’ management and auditors for regulatory compliance. It is acknowledged that, even
with regularization such as L2 (ridge), the model suffers from overfitting greatly in high-dimensional
feature, space, whereas it is moderately robust in moderate-dimensional feature space. For instance,
previous study utilized logistic regression for detection of mobile payment fraud and reported very
competitive detection performance (Giiven & Aras, 2022). However, they assumed that there is strong
signal of existing fraud cases and that the features are linearly related to each other. The study assumes
that high dimensional feature space of behavioral biometric-related feature consists of non-linear
relationships. Thus, this study would be a suitable baseline study to compare with performance of other

learning models.

4.2 Random Forest
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A well-established method for the detection of fraud in literature is the use of a Random Forest.
Each individual tree in the forest is able to overfit the training data. However, the large number of trees
in the forest leads to a very good variance reduction, and therefore to good generalization. A decision
tree is grown on a bootstrap sample of the data, and when deciding whether to split at a certain point, a
random subset of features is considered. The predictions from individual trees are then used to produce

a final prediction from the ensemble by taking a majority vote of the trees in the forest.

Importance of individual features is also an important part of decision process of Random Forest
models for behavioral biometric fraud detection. Average reduction in Random Fofestimodelyfor each
feature in each tree in the forest is the average reduction in node impurity. Thus, by using importance,of
features in decision process, security experts can determine importance of individual behavioral features
for detection of frauds and then direct data collection efforts to features, thatiare mostyimportant for
detection of frauds. Similar results are expected for behavioral biometric fraud deteetion, as it has been
shown in the fraud detection literature by Er et al. (2025) for credit card fraud detection by using all

classical methods and Random Forest model.

4.3 Support Vector Machines

In a classification approach by means of Support Vector Machines (SVM) hyperplanes are
defined in feature space, in order to maximize the margin, itesfthe distance to the decision boundary
between positive and negative samplessSince by means of the kernel trick also non-linearly separable
data in the original feature space can belelassified, the data is implicitly mapped into a higher-
dimensional feature space iy which linear separators exist. However, an explicit calculation in this
higher-dimensional feature'space is very time<consuming. Thus, it is possible to work in the original
feature space by using the corrésponding kernel. For the applied continuous behavioral features the

radial basis function (RBE) kernel isichosen.

The advantages of using an SVM are its ability to handle a large number of features while having
a small fiumber ‘of samples,in cach session, as is the case with most behavioral biometric data sets. The
model creates a diseriminative boundary based on the examples in the training set. Most examples in

théitraining set would not add information to the decision boundary in case of noisy data. The examples

on the 'decisionboundary are called support vectors.

4.4 Artificial Neural Networks

For the Artificial Neural Network (ANN) implemented for this research a fully connected
feedforward neural network architecture was used. The ANN consisted of 3 hidden layers that were all
employing the activation function of the rectified linear unit (ReLU) with batch normalization and
dropout (p = 0.3) in order to prevent overfitting. The output layer consisted of a single sigmoid function

to return a single value, the fraud probability for a given observation. The ANN was then trained utilizing
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the Adam optimizer and the loss function for binary classification, the binary cross-entropy, in
conjunction with class weights that were inverse-proportionally to the class frequency in order to

increase the signal from the minority class of fraud.

Our experience shows that Artificial Neural Networks occupy a specific place on the
interpretability-performance axis. On the one hand, the models do not make any assumptions as to the
form of a relationship between input features and output target variables. This is in stark cefitrast with
other models for which specific functional forms are pre-defined and within which no\interactions
between input variables can be learned. On the other hand, the internal represeftation that Neural
Networks learn to process input data are in most cases not interpretable in the form of a simple set,of

decision rules. We elaborate on our results obtained with this model in the rest of this.document.

4.5 Isolation Forest

Out of the five models studied in this work, Isolation Forest is unique in that it is an unsupervised
anomaly detection method: it is trained on data (of any size) without ever having scen a single sample
that has been labeled by a human as being “fraud”.dselation, Forests\construct a number of decision
trees. Each decision tree in the ensemble splits the featuresyof the data in each split randomly and
recursively. For densely distributed normal data, many splits are required to isolate a single data point.
For a sparse anomalous data point, however, very few splitsiare required to isolate the data point. The
average path length that an instance takes.to be completely iselated (i.e. be split into a singleton ensemble
of leaves) can thus be used as a score for thelinstance’s anomaly. The instance with a short average path

length will have the highest@nomaly scere.

In the Behavioral'Biometrics space using an isolation-based model means that you do not need to
have any prior knowledge of instances of the definition of fraud for it to flag any behavior deemed to be
anomalous in real timehlu the vast majority of instances of fraud that exist within the space of banking’s
fraud detection infenline transactional systems instances of actual fraud are solved out on a daily or on
a weeklynbasis. In faet inlseveral instances of fraud there is no actual instance of fraud that has occurred
that'¢an be used for the model’s training to better detect future occurrences of similar fraud. The model
wagytested in thelspace of several fintech companies for real time detection and flagging of behavior
deemedito belanomalous, for instance that found by Aslan (2024) here we investigate the performance
metric for detection of such instances of behavior in the space of the current study’s focus of online

transactional Behavioral Biometrics.
5. EXPECTED RESULTS AND DISCUSSION

5.1 Model Performance

Using models to detect fraud as opposed to a set of rules is likely to provide better results in terms

of recall and Fl-score. The differences in performance between the models are more interesting,
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however. They generally reflect the large body of work on the topic of fraud detection, and also have

some aspects that are specific to the use of behavioral biometrics.

Random Forest, likely to obtain the best results in terms of a balanced measure (F1-score), is
expected to outperform all other supervised classifiers including Support Vector Machines, Artificial
Neural Networks and Logistic Regression in the context of behavioral fraud detection (Giiven & Aras,
2022; Er et al., 2025). This is because the model is an ensemble of decision trees, which havefthe ability
to mitigate the effect of outliers on individual trees. Moreover, the model provides feature\importance,

which can be used to remove features that introduce noise into the model in subsequentiiterations.

ANNS are expected to have the highest recall in terms of raw numbersgthat is they will identify
the most actual cases of fraud. Models with high recall are of special interest in‘the field of fraud
detection since the cost of a false negative is typically much higher'thanithe ‘cost of a‘false“positive.
Therefore, even though the ANN is expected to be worse than the Random Forestimedel in terms of

false positive rate, it is of special interest in the experimentalgstudy.

Support Vector Machines are expected to outperform all’ the other classifiers under study,
especially for detecting unusual combinations of features which are far from the centroids of the training
classes of impostors and real users. The model uses an RBF kernel for efficiently dealing with the non-
linear separability of the classes of impogtorsiand real usets. However, the performance of SVMs are
expected to deteriorate significantly in scenarios Where there is a lot of intra-class variation for legitimate

users.

Logistic Regression will be the least performing model in terms of absolute performance, however
it will perform well indiigh signal fraud seénatios where strong indicators of fraud are approximately
linear. The model€an be used as, a calibration model and is also suitable for organizations in highly
regulated industries Wherefthe explaihability requirements of the organization are such that they would

not allow the use,of othermodels for fraud detection.

As)far as)\newly unseen types of attacks (such as new types of behavior misuse) that are
significantly different from the misuse cases that were used for training, Isolation Forests are expected
tohave ayvery highiecall of such previously unseen attacks. For known types of fraud however, Isolation
Forests will likely have a very high number of false positives. As a result Isolation Forests are likely a
better fit for a multi-model architecture where Isolation Forests can serve as one of the layers within

suchiafmodel as opposed to as a stand alone system for detecting and preventing fraud.

5.2 Feature Importance and Behavioral Signal Quality

The study will provide the feature importance scores for all the features that have been used for
training the Random Forest model. We expect the feature importance scores of the keystroke timing

features (inter-key latency std, key hold time for high frequency keys) to be the highest as these
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behavioral signals are stable within individuals and therefore easy to model for a Random Forest, but at
the same time these signals are relatively variable between individuals which is exactly what a biometric

system uses for authentication purposes.

The study found that the set of features that describe the sequence of transactions of a user to
follow the typical application flow of an application to be the most important features for the case of
account takeover fraud. This is because an attacker typically does not know the application stfucture for
a specific account and thus behaves different from the legitimate account holder in following an unusual
sequence of transactions. This is in contrast to the features that describe mouse behavier (1:€:, mouse
velocity and curvature) which contain meaningful information for fraud detection but have signifieant
within-subject variability. As a result, these features will not be as effective forfraud detection for

certain user segments as the typing dynamics features.

5.3 Practical Implications

This research contributes to several practical implications forbanks and online payment services.
First, it increases the effectiveness of fraud detectionawhile keeping the,user experience loss as small as
possible by introducing behavioral biometrics into the'authentieation process. Behavioral biometrics can
be used as a continuous online user authentication layeron top of ether existing authentication methods,
which are used from time to time. Behavioral, biometricsiare non-intrusive and do not cause any

additional friction for legitimate usersias, it is a passive and transparent process.

The results from the comparative models can also be used to select the best model for a certain
bank’s or company’s ML capabilitymaturity. A simple bank with little to no existing ML
implementation and without sufficient resources to implement and fine-tune a complex model, but which
is required to provide sufficientyinterpretability to one or more regulations, after tuning of the
parameters, a simple moedel'such as a Logistic Regression or a Random Forest will increase the detection
of fraud significantly without incurring additional operational complexity. On the other hand, a bank
with@'mature ML capability and a large amount of data from various sources that was labeled for fraud
by the bank; after fine-tuning of the parameters of the model, a Neural Network can be implemented

with, additional iTmplementation complexity.

Finally;the high performance of the unsupervised learning method Isolation Forest, a behavioral
fraud detection solution, opens up the use of ML-based fraud detection for small credit unions and banks
without a large pool of labeled historical fraud data. They can easily implement a Behavioral Fraud

Detection solution without the need of a large labeled data set to train the model.

6. CONCLUSION

In this paper we have provided a framework for in-depth research on the topic of Behavioral

Biometrics. We have explored how Behavioral Biometrics can be combined with Machine Learning to
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aid real time online and mobile account fraud detection within the banking and financial sector. Current
systems for online authentication use outdated methods that give little or no value in cases of fraud. A
large and increasing gap now exists between the current security methods used by online systems and
the ever increasing complexity of online fraud. No single method is likely to fill this gap but passive
continuous Behavioral Biometrics can provide a useful signal or fingerprint of the active user of online

accounts.

As no single security mechanism can solve all problems, while traditional authentication methods
close some of the previously created gaps for sophisticated attacks, Behavioral Biofmettics closes other
gaps, mainly those created by traditional methods in pre- and post-authentication phases. By providing
passive, 24/7, consistent and hard-to-replicate evidence about user behavior, Behayvioral \Biometrics
thereby completes the view provided by traditional authenticationechanisms. Above all, during
account takeover and session hijacking attacks, when traditional “authentication, mechanisms fail,

Behavioral Biometrics provides very valuable signals.

In this paper, we present a framework for compating the use of Behavioral Biometrics and
Machine Learning for Fraud Detection in Banking/Applications: A number of widely used Machine
Learning classifiers have been included in the comparisons:;)yLogistic Regression; Random Forest;
Support Vector Machine with Radial BasissgFunction (RBE) kernel; Artificial Neural Networks (Multi-
Layer Perceptron) (MLP); and Isolation ‘Forest, The large differences between these methods for (1)
interpretability; (2) accuracy; and (3) number ‘of labeled data points required for training, provide the
researcher with a number of test cases, while'the practitioner has the advantage of being able to choose
the most suitable techniqué for individual application domains. To increase the validity of any results,
the feature set used in, this work has been drawn from prior work in the area of Behavioral Biometrics
for use in a number of different'Banking Applications, and the use of a fixed, but large, number of
features, allows for other researchers‘to use the framework of this work, using a number of different
Machine Learningitechniques, and/or using the work as a starting point for experiments using a number

of differént datasets.

This,work has several limitations: 1) All experiments in this work have been conducted using
a setof benchmark‘and synthetic datasets, therefore all results that have been obtained in this work are
not directly transferable to practice. A re-calibration of all results that have been obtained in this work
forthe usage in practice is required in order to obtain meaningful results for fraud detection in practice.
2) Allfeature engineering steps, that have been performed in this work, have been based on the related
work and therefore it is not clear if all obtained features in all cases are the most informative for all users
and all different types of devices. 3) The static evaluation framework, that has been used in this work,
is not able to model the dynamic behavior of real-world fraud in which an attacker adapt and change his

strategies over time and gets countermeasures from a defense system over time.
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There are several limitations within this paper. The datasets that were utilized for the
experiments were benchmark or simulated in nature. In consequence, there may be a transfer problem
when attempting to utilize results that have been achieved within experiments upon real-life situations,
and it may be the case that ‘tuning’ of a system would be required in order to achieve optimal results.
As previously, within this paper a number of features that are included as part of a process pipeline have
been selected on the basis of previous work that has been undertaken by other individuals and
organizations. In consequence, it is possible that a number of the features that have been included within
the process pipeline of this paper could be ineffective in terms of a number of different scénarios,
including scenarios that involve the use of different types of user interactions ‘with a systemy, and
scenarios in which users interact with a system by utilizing different types of,devices., Also, the
experiments that have been described within this paper have all been of a‘static nature. Ingeal life
scenarios both the attacks that are being launched against a system(and a‘varictyyof defenses that are
deployed in order to attempt to mitigate the effects of the attacks would be dynamic. In consequence,
not only would the attacks adapt to a number of different dgfensive systems that ar€ in place, in order to
maximize the amount of damage and effectiveness thatis achieved by the attacks, but also that a number
of different defenses would be updated in real time,|in ordetito deal with a variety of different types of

attacks that have been encountered.

Taking note that in the next decade or'so the area ofibéhavioral biometrics for fraud detection
in banking is likely to become as standard a component of the security architectures of banks as two-
factor authentication is today, it is'mow impertant for researchers and practitioners alike to turn to the
crucial issue of how to implement these,forthcoming authentication methods effectively. This paper is
our main contribution t@ thisiimportant end-‘Qur work is currently ongoing. The aim is to evaluate each
model and presentthe results into,an article as part of our future studies. This study has been prepared

to serve as a roadmapifor the researchyand progression of the thesis.
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THE RELATIONSHIP BETWEEN UNEMPLOYMENT, ECONOMIC GROWTH, R&D,
INFLATION, AND FIXED CAPITAL CIRCULATION IN TURKEY: AN ARDL BOUNDS
TEST APPROACH (1996-2024)
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ABSTRACT

This study investigates the effects of economic growth, inflation, R&D expenditure; andgross
fixed capital formation on unemployment in Turkey over the periodWwl996=2024 using the ARDL
approach. The findings reveal a long-run cointegration relationshipamong the variables. In the long
run, economic growth is found to increase unemployment, while inflation and eapital formation reduce
unemployment. However, R&D expenditure does not have a statistically significant effect. The error-
correction model confirms the system's stability, indicatingythat approximately 45% of short-run

deviations are corrected within one period.

Keywords: Unemployment, Economic Growth, Inflatiomy R&D\ Expenditure, Gross Fixed Capital
Formation, ARDL.

JEL Codes: E24, 000, O10, O16.

1. INTRODUCTION

Unemployment’is one of,the fundamental macroeconomic problems that generates significant
economic and sociah.consequencesin both developed and developing countries. High unemployment
rates hinder{the efficient utilization of production capacity and adversely affect income distribution,
poverty, socialywelfate, and, economic stability. In developing economies, economic fluctuations,
technological transformation, and insufficient investment tend to exacerbate unemployment. The
Turkish, economy ‘has also long been confronted with high unemployment rates and various

macroeconomic vulherabilities.

In  the economics literature, the relationship between unemployment and economic growth is
generally examined within the framework of Okun’s Law. According to Okun’s Law, increases in
economic growth expand production capacity, raise labor demand, and contribute to a reduction in
unemployment rates. However, particularly in developing economies, economic growth does not always

generate sufficient employment, leading to the phenomenon of “jobless growth.” In Tiirkiye, despite
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relatively high growth rates since the 2000s, unemployment has remained at persistently high levels,

highlighting the importance of investigating the growth-unemployment nexus.

Inflation is another important macroeconomic variable affecting unemployment. According to the
Phillips Curve, there is an inverse relationship between inflation and unemployment in the short run.
Given the prolonged periods of high inflation experienced in Tiirkiye, examining this relationship has
become increasingly important. In addition, research and development (R&D) expendituresfand gross
fixed capital formation are among the key macroeconomic indicators that influence employment by

enhancing technological progress, productive capacity, and efficiency.

This study aims to examine the relationships between unemployment, eeonemic growth, inflation,
R&D expenditures, and gross fixed capital formation in Tiirkiye over the, period»996-+2024." The
Autoregressive Distributed Lag (ARDL) Bounds Testing Approach i§ employedito identify both short-
run and long-run relationships among the variables. The ARDL methodology is preferred because it
allows variables integrated at different orders of stationarity.and enables the simultafieous estimation of
short- and long-term dynamics. In this context, the study\seeks tonidentify the main determinants of

unemployment in Tiirkiye and to provide policy implications baséd on'the empirical findings.

2. LITERATURE REVIEW

The relationships among unemployment, economic™ growth, inflation, investment, and
technological development in the Turkish,ecofnomy hayve been extensively examined in the economics
literature for many years. Studies conductediwithin the frameworks of Okun’s Law and the Phillips
Curve have primarily soughtto explain‘the interaction between unemployment and key macroeconomic
variables. In recent years, a growing body of research has also focused on the effects of research and
development (R&D) expenditutes, technological transformation, and capital investment on
unemployment. This section reviews selected national and international studies that are directly related

to the subject of this researeh.

Sentiirk and Akbas(2014) examined the relationship among economic growth, unemployment,
and inflationgin Turkiye for the period 2005:01-2012:07. The study employed Phillips-Perron (PP),
KPSS, and\Zivot-Andrews unit root tests, together with the Toda-Yamamoto causality analysis. The
empirical findings revealed a bidirectional causality relationship between the industrial production index

and,the unemployment rate, as well as between the inflation rate and the unemployment rate.

Bayar (2014) analyzed the relationship among unemployment, economic growth, exports, and
foreign direct investment (FDI) inflows in Tiirkiye over the period 2000Q1-2013Q3 using the ARDL
Bounds Testing Approach. The findings indicated the existence of a long-run relationship among
unemployment, economic growth, exports, and FDI inflows. In addition, the empirical results revealed
that unemployment is negatively associated with economic growth and exports, whereas a positive

relationship was identified between unemployment and foreign direct investment inflows.
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Giiven and Uysal (2017) investigated the relationship between inflation and unemployment in
Tirkiye over the period 1990-2014. Based on the results of the Granger causality test, the authors
identified a unidirectional causality running from the unemployment rate to the inflation rate. This
finding suggests that changes in unemployment have a statistically significant effect on inflation

dynamics in the Turkish economy.

Boliikbas (2019) examined the relationships among economic growth, unemployfment, and
inflation at the regional level in Tirkiye using annual data for the period 2005-2017. The_study
employed the panel ARDL model and the Dumitrescu-Hurlin panel causality test. Thé empiricalfindings
indicated that inflation has a positive and statistically significant effect on economic growth, whereas
unemployment exerts a negative and statistically significant impact. In addition, long-run relationships
among economic growth, inflation, and unemployment were found tesbe,significant across'seventeen
different regions. The causality analysis revealed that a causal relationship ‘between, economic growth
and inflation exists in seven regions, while the causal relationship between economic growth and

unemployment was identified in all seventeen regions.

Kopuk (2020) analyzed the effects of inflationfand unemploymention economic growth in Tiirkiye
over the period 19882019 using the Johansen Cointegration Test. The empirical results indicated that
inflation stimulates unemployment and thatsbeth inflation'and unemployment exert a negative effect on
gross domestic product (GDP). The study further concluded that rising inflation and unemployment

contribute to economic stagnation and deeline in the Turkish economy.

Akusta (2023) investigated the, relationshipfamong unemployment, inflation, and economic
growth in the Turkish e¢onomy for the period 19882022 using the ARDL approach. The empirical
findings indicated that a 1% increase in economic growth reduces unemployment by approximately
0.7%. In addition, inereases,in inflation were found to have a decreasing effect on unemployment. These
results provide,empirical support for the validity of both Okun’s Law and the Phillips Curve in the

context of Tiirkiye.

Bakkaloglu (2024) examined the relationship between inflation and unemployment in Tiirkiye
over thedperiod,2002-2023. The results of the Granger causality analysis revealed a bidirectional
interaction “between the two variables. The study also demonstrated that unemployment exhibits
structural\ characteristics, particularly during periods of high inflation, suggesting that inflationary

pressures and labor market dynamics are closely interconnected in the Turkish economy.

The existing literature indicates that there are significant long-run relationships between
unemployment and major macroeconomic variables such as economic growth, inflation, and other
structural factors in the Turkish economy. Most studies find that economic growth reduces
unemployment, providing empirical support for Okun’s Law in the case of Tiirkiye. Likewise, the

relationship between inflation and unemployment has been widely examined, and the findings suggest
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that the Phillips Curve remains relevant under certain economic conditions. Recent studies have also
emphasized the role of R&D expenditures, technological development, and capital investment in
shaping labor market outcomes. Accordingly, unemployment is influenced not only by growth and
inflation dynamics but also by investment and innovation processes. By analyzing the period 19962024
and jointly examining unemployment, economic growth, inflation, R&D expenditures, and gross fixed
capital formation using the ARDL Bounds Testing Approach, this study aims to provide an updated and

comprehensive contribution to the literature.

3. DATA SET AND METHODOLOGY

This study analyzes the relationships between unemployment, econgmic growth, research and
development (R&D) expenditures, inflation, and gross fixed capital formation'in Tiirkiye,over thé period
1996-2024. Annual data are employed in the analysis, and all variables are obtained from the World
Bank’s World Development Indicators (WDI) database. The variables used in|the empirical analysis are

presented in the table below.

Table 1. Description of Variables Used in'the Analysis

Variables Abbreviation
Unemployment Rate (Total labor force, modeled ILO estimate, %) UN
Gross Fixed Capital Formation (% of GDP) GFCF
Inflation Rate (Consumer prices, annual %) INF
GDP per Capita (Constant 2015 US$) LNGDP
Research and Development Expenditure (% of GDP) RD

In the empirical model, the unemployment rate is included as the dependent variable, while
economic growth, inflationiresearch and“development (R&D) expenditures, and gross fixed capital
formation are incogporated as independent variables. Economic growth is represented by GDP per capita
(constant 2015 US ‘dollats)y and inflation is measured by the annual percentage change in consumer
prices. R&D expendituresiare included as a percentage of gross domestic product (GDP), reflecting the
share of innovation-related investments in the economy. Gross fixed capital formation is measured as a
peteentage of GDP and represents the contribution of fixed investment to productive capacity and

economic activity.

To examine the short-run and long-run relationships among the variables, this study employs the
Autoregressive Distributed Lag (ARDL) Bounds Testing Approach. Developed by Pesaran, Shin, and
Smith(2001), the ARDL methodology is widely preferred because it allows for the inclusion of variables
integrated at different orders of stationarity, provided that none of the variables is integrated of order
two, and produces reliable results even in small samples. In addition, the ARDL approach enables the
simultaneous estimation of both short-run dynamics and long-run coefficients within a single

econometric framework.
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Prior to applying the ARDL methodology, the stationarity properties of the series were examined
using the Augmented Dickey-Fuller (ADF) and Phillips-Perron (PP) unit root tests. A fundamental
assumption of the ARDL approach is that none of the variables is integrated of order two, I(2). Following
the unit root analysis, the optimal lag lengths were determined based on the Akaike Information
Criterion (AIC), and the ARDL Bounds Test was subsequently conducted to assess the existence of a

long-run relationship among the variables.
The basic econometric model employed in this study is specified as follows:

UNEMPt=0+B1GDPt+B2INFt+B3RDt+B4GFCFt+ct (1)

When the ARDL Bounds Test indicates the existence of a cointegration felationship among the
variables, long-run coefficients are estimated, and short-run dynamics are subsequently analyzed
through the Error Correction Model (ECM). In addition, several diagnostic tests, including tests for
serial correlation, heteroskedasticity, normality, and model specification error, are conducted to evaluate
the validity and reliability of the estimated model. Furthermiores the stability of the model coefficients
is examined using the CUSUM and CUSUMSAQ tests. Through this, methodology, the study aims to
identify both the short-run and long-run effects of key macroeconomic variables on the unemployment

rate in Tiirkiye.

4. EMPIRICAL FINDINGS

Before applying the ARDL BoundsiTesting Approach, it is necessary to determine the stationarity
properties of the variables. For thisipurpose; the Augmented Dickey-Fuller (ADF) unit root test was
employed. Variables thatgvere found to'be non-stationary at their levels were retested after taking their

first differences.

In the ADF test, the aull hypethesis states that the series contains a unit root and is therefore non-
stationary. If the test statistic exceeds the critical values in absolute terms and the probability value is

less than 0.05,the nulkhypothesis is rejected, indicating that the series is stationary.

According to the empirical results, all variables used in the study were found to be stationary after

taking their firstidifferences. The results of the ADF unit root test are presented in Table 2.

Table 2. Results of the ADF Unit Root Test

Variables Test Statistic Probability Value Result
D(UN) -4.37928 0.0019 I(1)
D(RD) -5.43005 0.0001 I(1)
D(LNGDP) -4.88097 0.0006 I(1)
D(INF) -4.9939 0.0004 I(1)
D(GFCF) -5.12221 0.0003 I(1)

The ADF test results indicate that all variables become stationary after taking their first

differences at the 1% and 5% significance levels. The probability values for all variables are below 0.05,
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confirming the rejection of the null hypothesis of a unit root and indicating that the series are integrated
of order one, I(1). These findings demonstrate that none of the variables is integrated of order two, 1(2),
thereby satisfying the fundamental assumption required for the application of the ARDL Bounds Testing
Approach. Accordingly, the analysis proceeds to the ARDL Bounds Test to investigate the existence of

a long-run relationship among the variables.

Following the ADF unit root test, the ARDL Bounds Testing Approach was emiployed to
determine the existence of a long-run relationship among the variables. The optimal model specification
was selected based on the Akaike Information Criterion (AIC), and the most appfopriate model was
identified as ARDL(1,1,0,0,0). In the estimated model, the unemployment rate (UN) was used ‘asythe
dependent variable, while GDP per capita (LNGDP), the inflation rate (INF),“gross fixed capital
formation (GFCF), and research and development (R&D) expenditures (RD) were included as

independent variables. The estimation results of the ARDL model arepresented in‘Fable/3!

Table 3. ARDL Model Estimation Results

Variables Coefficient t-Statistic Probability Value
UNC(-1) 0.553065 3.728965 0.0012
LNGDP -22.7469 -1.91533 0.0685
LNGDP(-1) 25.18337 2.191758 0.0393
INF -0.02983 £3.49391 0.0021
GFCF -0.18083 -2.22649 0.0365
RD 1.1228 1.416705 0.1706

The ARDL estimation.results indicate that theflagged value of the unemployment rate is positive
and statistically significant, suggesting that.unemployment is influenced by its past values and exhibits
persistence over timé»The contemporaneous coefficient of GDP per capita (LNGDP) is negative and
statistically significant at the 10%)level, supporting the unemployment-reducing effect of economic
growth and¢providing €vidence consistent with Okun’s Law. However, the positive and significant
coefficient of'the lagged ENGDP variable implies that the impact of economic growth on the labor

market may vary over time:

The coefficients of the inflation rate (INF) and gross fixed capital formation (GFCF) are negative
and statistically significant. These findings indicate that higher inflation reduces unemployment in the
short run,\supporting the Phillips Curve hypothesis, while increases in fixed capital investment expand
productive capacity and promote employment. Although the coefficient of research and development
(R&D) expenditures (RD) is positive, it is not statistically significant, suggesting that R&D expenditures

do not exert a direct and significant effect on unemployment during the period under consideration.

The results of the ARDL Bounds Test, conducted to examine the existence of a long-run

relationship among the variables, are presented in Table 4.
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Table 4. ARDL Bounds Test Results

Test Statistic Value
F-Statistic 5.633226
K 4
Significance Level Lower Bound 1(0) Upper Bound I(1)
10% 1.9 3.01
5% 2.26 3.48
1% 3.07 4.44

According to the ARDL Bounds Test results, the calculated F-statistic is 5.633226, which.exceeds
the upper critical bound values at all conventional significance levels. dimparticular,| at the 5%
significance level, the upper bound critical value is 3.48, whereas the computed F-statistic is 5.63. This

finding indicates the existence of a cointegration relationship among the variables.

Accordingly, the null hypothesis stating that “there is no long-run relationship among the
variables” is rejected. It is therefore concluded that unemployment, economic growth, inflation, gross
fixed capital formation, and research and development (R&D) expendituregyare linked through a long-
run equilibrium relationship. This result suggests that whemployment in Tirkiye is significantly

influenced by these macroeconomic variables over theleng term:

Following the confirmation of coifitegration, the analysis'proceeds with the estimation of long-
run coefficients and the Error Correction, Model (ECM) to'€xamine both long-run effects and short-run

dynamics.

Following the identification of ‘ajcointegration relationship among the variables through the
ARDL Bounds Test, the long=tun coefficients ' were estimated. The results of the long-run analysis are

presented in Tablé S.

Table 5. Long-Run Coefficient Estimation Results

Variables Coefficient t-Statistic Probability Value
LNGDP 5.451468 4.529902 0.0002
INF -0.06675 -3.93599 0.0007
GFCE -0.40461 -2.19439 0.0391
RD 2.512224 1.709666 0.1014

According to the long-run coefficient estimates, GDP per capita (LNGDP) is positive and
statistically significant. This finding indicates that economic growth increases unemployment in the long
run and supports the existence of the “jobless growth” phenomenon in the Turkish economy. The
inflation rate (INF) is negative and highly significant, suggesting an inverse relationship between
inflation and unemployment over the long term. This result is consistent with the Phillips Curve

hypothesis.
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The coefficient of gross fixed capital formation (GFCF) is negative and statistically significant,
indicating that increases in fixed capital investment reduce the unemployment rate in the long run. In
contrast, research and development (R&D) expenditures (RD) have a positive coefficient but are not
statistically significant, implying that R&D expenditures do not exert a direct and significant effect on

unemployment during the period under consideration.

The error correction term associated with the long-run equilibrium relationship is specified as

follows:

EC =UN — (5.4515LNGDP — 0.0667INF — 0.4046GFCF + 2.5122R0) 2)

Overall, the long-run results indicate that unemployment in Tiirkiye is'significantly influeneed by
inflation and gross fixed capital formation. In addition, the findingsthatyeconemic growthincreases
unemployment rather than reducing it in the long run suggests that the'employment-generating capacity
of growth is limited, providing evidence in favor of the jobless growth phenomenon in the Turkish

economy.

Following the identification of a long-run cointegratien relationship through the ARDL Bounds
Test, the Error Correction Model (ECM) was estimated to examine_short-run dynamics. The ECM is
particularly useful in showing the extent ghich short-run deviations converge toward the long-run
equilibrium and the speed at which this adjustment occurs. The results of the Error Correction Model

are presented in Table 6.

Table 6. Error Correction Model (ECM) Results

Variables Coefficient t-Statistic Probability Value
D(LNGDP) -22.7469 -3.71814 0.0012
CointEq(-1) 20.44694 -5.76951 0

Accotding to the.ECM results, the short-run coefficient of economic growth is negative and
statistically significant,, indicating that increases in GDP per capita reduce unemployment in the short
rud. This finding suggests that economic growth has an employment-generating effect in the short term

and is‘censSistent with. Okun’s Law.

One of the most important indicators in the model, the error correction term [CointEq(-1)], is
negativejand statistically significant. The estimated coefficient of -0.446935 implies that approximately
44%nof short-run disequilibria are corrected in the following period. In other words, the speed of

adjustment toward the long-run equilibrium is relatively high.

The negative and significant error correction term confirms the stability of the model and provides
additional evidence of a long-run relationship among the variables. It also indicates that short-run shocks

are temporary and that the system converges back to its long-run equilibrium over time.
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Overall, the ECM findings suggest that economic growth reduces unemployment in the short run,
whereas its employment-generating capacity appears to be limited in the long run. This result provides

further support for the existence of the jobless growth phenomenon in the Turkish economy.

To evaluate the reliability of the estimated ARDL model, diagnostic tests for serial correlation,

heteroskedasticity, and normality were conducted. The results are summarized in Table 7.

Table 7. Diagnostic Test Results

Test Probability Value Result
Breusch-Godfrey Serial Correlation LM Test 0.7124 No serial correlation
Breusch-Pagan-Godfrey Heteroskedasticity Test 0.1697 No,heteroskedasticity
Jarque-Bera Normality Test 0.7879 Residuals are normallydistributed

According to the diagnostic test results, the probability value§ ofithe ‘Breusch-Godftey Serial
Correlation LM Test, the Breusch-Pagan-Godfrey Heteroskedasticity Test, and, the Jarque-Bera
Normality Test are all greater than 0.05. These findings indicate that the model dees not suffer from
serial correlation or heteroskedasticity problems and that the residuals are normally distributed. Overall,
the diagnostic tests confirm that the estimated ARDL "medeliis econometrically robust and produces

reliable and stable results.

To examine the parameter stability ofithe estimated?ARDL model, the CUSUM and CUSUM of
Squares (CUSUMSQ) tests were employed. These tests are used to determine whether the model

coefficients exhibit structural instability over time.

The CUSUM test results indigate that the“test statistic remains within the 5% significance
boundaries throughout the'sample period. This'finding suggests that the model coefficients are stable

over time and that the estimatedYARDL model does not suffer from structural break problems (Table 7).

Table 7. CUSUM Test Result

OIS LarA 559 Sagm

Similarly, the results of the CUSUMSQ test show that the test statistic remains within the critical
boundaries. This finding indicates that the variance of the model is stable over time and provides further

evidence supporting the reliability of the estimated coefficients (Table 8).
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Table 8. CUSUMSQ Test Result

CooOoO0OORER
BN DN O N O ME

o3 oG o= 10 12 14 1 18 20 22 24

CUSIUMA of Squares 5% SipniTicanos

Taken together, the results of the CUSUM and CUSUMSQ) tests indicate that the estimateéd ARDL
model is structurally stable and does not exhibit any significant parameter ‘instability over the sample
period. These findings provide additional support for the reliability of both the long-run and short-run

coefficient estimates.

5. CONCLUSION

This study examined the relationships betweemhunemployment, economic growth, inflation,
research and development (R&D) expendituresy and gross fixed capital formation in Tiirkiye over the
period 1996-2024 by employing thesARDL BoundsyTestifig Approach. The results of the Augmented
Dickey-Fuller (ADF) unit root test indicatedithat all variables become stationary after first differencing.
The ARDL Bounds Test further revealed the eXistence of a long-run cointegration relationship among

the variables.

The long-run coefficient ‘estimates show that inflation and gross fixed capital formation have
negative and statisticallySignificant effects on unemployment. These findings suggest that increases in
inflation and\investment contribute to reducing unemployment. In contrast, GDP per capita, used as a
proxysfor, economicgrowth, ‘was found to increase unemployment in the long run, supporting the
existence of the jobless growth phenomenon in the Turkish economy. Research and development (R&D)
expenditures, altheugh positively signed, were not found to have a statistically significant effect on

unemployment.

The results of the Error Correction Model (ECM) indicate that economic growth reduces
unemployment in the short run. The negative and statistically significant error correction term
demonstrates that approximately 44% of short-run disequilibria are corrected within one period,
implying a relatively rapid convergence toward long-run equilibrium. Diagnostic tests, together with the
CUSUM and CUSUMSAQ stability tests, confirm that the estimated model is econometrically robust and

structurally stable.
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Overall, the findings suggest that economic growth alone is not sufficient to reduce
unemployment in Tiirkiye. Strengthening the employment-generating capacity of growth, increasing
fixed capital investments, and improving the investment environment are essential for reducing
unemployment. In addition, aligning R&D and innovation policies more closely with labor market needs

may contribute to sustainable employment growth in the long run.
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ABSTRACT

This paper examines the potential role of artificial intelligence (Al) in strengthening investor-
protection treaties, with a focus on environmentally sensitive projects in the East Africa—China
investment corridor. It situates bilateral and multilateral investment agreements between China and
East African states within their legal and economic contexts, tracing their evolution and interaction with
sustainable development goals. The study highlights major challenges in infrastructure and natural-
resource projects, including environmental degradation, community displacement, and the tension
between economic growth and ecological preservation. Particular attention is given to the shortcomings
of investor—state dispute settlement (ISDS), criticized for high costs, opacity, and neglect of
environmental and social externalities. The paper then explores how Al tools—such as predictive
analytics for arbitral outcomes, natural language processing for treaty interpretation, and machine
learning for environmental monitoring—can enhance treaty enforcement and dispute resolution. These
applications demonstrate Al’s potential to improve efficiency, consistency, and accountability in
international investment governance. The paper advances recommendations at three levels:
normatively, it urges embedding environmental safeguards and sustainability clauses in treaties,
drawing from comparative treaty practice and international environmental law, institutionally, it calls
for modernization of arbitral institutions to integrate Al-driven case management and evidence review
while ensuring procedural fairness; and technically, it proposes deploying Al-powered monitoring
systems for real-time environmental assessment, enabling proactive risk mitigation by host states and
investors. Drawing on interdisciplinary sources—legal scholarship, empirical studies, and
contemporary research on Al in arbitration—the paper contributes to debates on reconciling investment

protection with environmental sustainability in an era of global infrastructure expansion.
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CEVRESEL PROJELERDE YATIRIMCI KORUMA ANLASMALARI iCiN YAPAY
ZEKA: DOGU AFRIKA-CIN iLiSKiSi

OZET

Bu ¢alisma, c¢evresel agidan hassas projelerde yatirimci  koruma anlagmalarinin
giiclendirilmesinde yapay zekdnin (YZ) potansiyel roliinii incelemekte ve ozellikle Dogu Afrika—Cin
yatirim koridoruna odaklanmaktadir. Calisma, Cin ile Dogu Afrika devletleri arasindaki ikili ve ¢ok
tarafli yatirim anlasmalarint hukuki ve ekonomik baglamlar icerisinde ele almakta; bu anlasmalarin
evrimini ve siirdiiriilebilir kalkinma hedefleriyle olan etkilesimini analiz etmektedir. Aragtirma, altyap
ve dogal kaynak projelerinde ortaya c¢ikan gevresel tahribat, topluluklarin yerinden edilmesi ve
ekonomik biiyiime ile ekolojik koruma arasindaki gerilim gibi temel sorunlari vurgulamaktadir.
Ozellikle, yiiksek maliyetleri, seffafliktan uzak yapisi ve cevresel ile sosyal dissalliklart ihmal etmesi
nedeniyle elestirilen yatirimci-deviet uyusmazitk ¢oziim mekanizmasinin (ISDS) eksikliklerine dikkat
cekilmektedir. Calisma daha sonra, tahkim sonuglarina yénelik ongériisel analizler, anlasma
yorumlamasinda dogal dil isleme teknikleri ve ¢evresel izleme i¢in makine o6grenmesi gibi yapay zeka
ara¢larimin anlasmalarin uygulanmasini ve uyusmaziik ¢oziim siireglerini nasil gelistirebilecegini
incelemektedir. Bu uygulamalar, yapay zekdamn uluslararasi yatirim yonetisiminde etkinlik, tutarlilik ve
hesap verebilirligi artirma potansiyelini ortaya koymaktadir. Caligsma ti¢ diizeyde oneriler sunmaktadur.
Normatif diizeyde, karsilastirmali anlasma wuygulamalart ve uluslararasi c¢evre hukukundan
yararlanilarak anlasmalara cevresel koruma onlemleri ile siirdiiriilebilivlik hiikiimlerinin entegre
edilmesi gerektigi savunulmaktadir. Kurumsal diizeyde, usuli adaletin korunmasi sartiyla, tahkim
kurumlarinin yapay zekd destekli dava yonetimi ve delil inceleme sistemlerini entegre edecek sekilde
modernize edilmesi gerektigi ifade edilmektedir. Teknik diizeyde ise, ev sahibi devletler ve yatirimcilar
icin proaktif risk azaltimim miimkiin kilacak gercek zamanli ¢evresel degerlendirme saglayan yapay
zekd tabanli izleme sistemlerinin kullanilmasi 6nerilmektedir. Hukuk literatiirii, ampirik ¢alismalar ve
tahkim siireclerinde yapay zekd kullanimina iliskin giincel arastirmalardan yararlanan bu ¢alisma,
kiiresel altyapr yatirimlarvmn genisledigi bir donemde yatirim korumasi ile ¢evresel siirdiiriilebilirligin

nasil uzlastirlabilecegine dair tartismalara katki sunmaktadr.
Anahtar Kelimeler: Cin-Afrika Ticareti, Yapay Zekd, Yatirimci Korumasi, Cevresel Projeler.

JEL Kodlari: K39, O34, 118.

1. INTRODUCTION
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China’s outward FDI into East Africa has in recent decades shifted from purely commercial or
resource-extractive ventures to large-scale infrastructure projects — transport corridors, ports,
hydropower plants, and mines — that are frequently implemented under state-to-state frameworks,
Chinese export-credit and contracting entities, and a patchwork of bilateral investment treaties (BITs)
and project contracts containing investor-state dispute settlement (ISDS) clauses (Cheung et al., 2012).
Empirical surveys and treaty inventories show that China has systematically pursued BITs across many
African jurisdictions and that Chinese firms and banks now finance and build major corridors and ports
across the region; these arrangements combine commercial contracts, sovereign guarantees, and treaty
protections in a way that amplifies both the opportunities and the governance challenges for host states.
The environmental stakes of this rapid external investment are high and multifaceted. Significant
infrastructure and extractive projects generate risks to biodiversity, water regimes, air quality, and
vulnerable local livelihoods, and they frequently traverse regulatory gaps in host states where
environmental impact assessments, enforcement capacity, or public participation mechanisms are
incomplete (Calabrese et al., 2017). At the same time, ISDS regimes historically developed to protect
foreign capital can create regulatory tensions: host states must fulfil duties to preserve environmental
integrity, advance sustainable development objectives and uphold constitutional or statutory
environmental safeguards, while investors rely on treaty standards — fair and equitable treatment,
protection against uncompensated expropriation, and free transfer of funds — to guard against abrupt
policy reversals. Independent observers and intergovernmental bodies have documented that a sizable
minority of treaty-based ISDS claims implicate environmental regulation or climate-relevant measures,
underscoring how frequently these legal domains collide (W. Chen et al., 2018). From a doctrinal
perspective, integrating Al into regimes that govern environmentally-sensitive investment raises three
discrete legal concerns that must be reconciled: (1) preserving procedural due process and the adversarial
integrity of dispute resolution; (2) protecting host-state regulatory sovereignty and legitimate public
policy space to adopt precautionary environmental measures; and (3) ensuring that Al-enabled functions
(e.g., evidence triage, predictive analytics, automated drafting) do not cement bias or opacity into
decision-making. International investment law already navigates competing policy objectives —
investor protection, regulatory autonomy, sustainable development — by means of treaty language (e.g.,
non-precluded measures, exceptions clauses), arbitral doctrine (margin of appreciation, necessity,
proportionality), and substantive standards (definitions of expropriation, legitimate expectations). Any
Al integration must therefore be calibrated against these settled legal touchstones and the growing
corpus of scholarship and policy recommendations that assess ISDS’s interaction with environmental

objectives (Ross, 2015).

Technologically, Al can be deployed at multiple points in the lifecycle of investment governance
with concrete legal benefits if appropriately constrained. In treaty drafting and negotiation, natural-

language models and corpus analytics can help parties identify ambiguous treaty formulations that have
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produced litigation (for example, by mapping prior arbitral interpretations of “fair and equitable
treatment” or “indirect expropriation”), enabling drafters to draft narrower, context-sensitive protections
or to insert clear environmental non-preclusion clauses and carve-outs (Beraja et al., 2024). In project
oversight, remote-sensing, machine-learning classification of satellite imagery, and automated red-
flagging systems can strengthen environmental monitoring and compliance with contractual
environmental and social safeguards. In dispute avoidance and early case management, algorithmic
triage tools can quickly screen claims against treaty language and past awards to identify low-merit
claims and to prioritize mediation or technical remediation, potentially reducing costly full-scale
arbitration (Drogendijk & Blomkvist, 2013). Finally, Al can materially increase efficiency and reduce
costs in the procedural steps of ISDS (Katterbauer, Syed, et al., 2024). However, use of Al in these
contexts implicates interpretive risk (over-reliance on pattern recognition rather than legal reasoning),
evidentiary challenges (authenticity, provenance of algorithmic outputs), and fairness concerns (unequal
access to expensive Al tools by different parties). The recent professional and academic literature
sketches these prospective gains and the attendant pitfalls. The governing architecture should combine
doctrinal, procedural, and technological safeguards to integrate Al responsibly without undermining due
process, sovereignty, or environmental safeguards (Vijayakumar, 2021). At the doctrinal level, treaties
and project contracts can be amended (or newly drafted) to: (a) codify environmental exceptions and
non-preclusion clauses that make explicit the states' right to adopt bona fide environment-protective
measures (including precautionary measures when scientific certainty is incomplete); (b) specify
interpretive principles that give deference to legitimate regulatory acts taken in good faith for
environmental protection; and (c) mandate transparency obligations for arbitral proceedings dealing
with significant public interest concerns. At the procedural level, institutions and arbitral rules should
require: (i) disclosure when Al tools have materially assisted a party or tribunal in legal research, fact-
finding, or drafting; (ii) admissibility standards for algorithmic evidence and source-code testimony
where an Al output is central to a claim or defense; and (iii) a right to independent technical review
where an Al model produces contested factual inferences (for example, about environmental harm
detected by remote sensing). At the technological governance level, parties and institutions should adopt
data governance standards (provenance, explainability, reproducibility), model validation, and human-
in-the-loop decision requirements that preserve judicial and arbitral responsibility for outcomes (Cheung
& Qian, 2009). These multi-layered reforms mirror recommendations emerging from arbitral
practitioners, think-tanks, and legal institutes that argue for regulating Al use in arbitration rather than
unregulated adoption. A more concrete operational model would couple preventive compliance with
dispute-resolution safeguards: data-driven environmental monitoring (satellite + in situ sensors) could
feed neutral third-party registries that log compliance and incident reports in an auditable chain; treaty
or contract clauses could make registration and technical remediation a precondition to ISDS, thereby
incentivizing early remediation and creating a record that an arbiter can consult; further, Al-assisted

triage could be limited to non-determinative functions (e.g., case-management prioritization or red-
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flagging), with any recommendation subject to human review and a public explanation. In parallel,
capacity building in East African host states is essential so regulators and courts can interrogate and, if
necessary, rebut Al outputs — otherwise, algorithmic opacity will simply entrench informational
asymmetries in favor of well-financed investors. Institutions such as UNCTAD, regional bodies, and
civil society have repeatedly emphasized that equitable investment protection and environmental

governance integration requires both rule design and capacity development (Song, 2011).

Finally, normative trade-offs should be recognized candidly. Any Al-driven efficiency gains
cannot substitute for robust legal protections: due process must include meaningful access to explanation
and contestability of algorithmically generated evidence; sovereignty must be preserved by explicitly
reserving policy space in treaties and by constraining arbitration to avoid overbroad applications of
investor-protection norms against bona fide environmental regulation; and environmental safeguards
require that precautionary and participatory principles remain central to project decision-making rather
than being sidelined by a narrow focus on investment predictability. Where disputes nonetheless arise,
hybrid remedies (technical remediation, graduated compliance plans, or multi-stakeholder compliance
panels) — enabled, but not dictated, by Al analytics — may better reconcile the competing public and
private interests (Perals et al., 2025). The literature and recent policy initiatives converge on the view
that Al should be used as a governance aide rather than a substitute for legal judgment; institutionalizing

that view through treaty language, arbitral rules, and technical standards will be the decisive next step.

2. THE EAST AFRICA-CHINA INVESTMENT AND TREATY CONTEXT

China's investment trajectory in East Africa has been shaped by a strategic combination of state-
driven initiatives, private enterprise expansion, and multilateral economic frameworks, most notably the
Belt and Road Initiative (BRI). Since its formal launch in 2013, the BRI has been a cornerstone of
China's foreign economic policy. East Africa is a focal region due to its geostrategic position along the
maritime route (King, 2020). The investment profile in this region is dominated by large-scale
infrastructure projects such as the Standard Gauge Railway in Kenya and significant port developments
in Tanzania, as well as energy projects encompassing hydropower dams, thermal plants, and renewable
energy facilities. These sectors—transport, energy, and extractives—are widely recognized as high-
impact domains with significant implications for environmental governance, biodiversity, and
community livelihoods (L. Trakman, 2022). Recent scholarship underscores a dual narrative in China—
Africa investment relations: on one hand, the expansion of bilateral investment treaties (BITs) and the
institutionalization of investor protection mechanisms; on the other hand, critical concerns regarding the
capacity of these instruments to adequately integrate environmental safeguards and public policy
objectives (S. Chen et al., 2019). While Chinese foreign direct investment (FDI) is often portrayed as
offering developmental gains through infrastructure financing, questions persist regarding its alignment

with the principles of sustainable development as articulated in international law, including the 2030
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Agenda and the African Union’s Agenda 2063 (Y. Chen et al., 2019). Moreover, the predominance of
state-owned enterprises (SOEs) in large-scale projects introduces a complex interplay of public
international law, sovereign immunity considerations, and accountability mechanisms under investor—
state dispute settlement (ISDS) systems. The Forum on China—Africa Cooperation (FOCAC) has
consistently emphasized "green development" and environmental cooperation in its declarations,
particularly since the Johannesburg Action Plan (2016-2018) and the Beijing Action Plan (2019-2021).
However, operationalizing these commitments within legally binding treaty frameworks remains uneven
and largely aspirational (King, 2020). This gap between policy rhetoric and treaty practice heightens the
importance of scrutinizing the treaty landscape governing China—East Africa investment relations,
especially in light of emerging arbitral disputes and the evolving jurisprudence on environmental

regulation in the context of foreign investment (Van Staden et al., 2018).

The bilateral investment treaty network between China and East African states reflects a temporal
and substantive diversity that mirrors the broader evolution of China’s international investment policy.
Early-generation treaties, primarily concluded in the 1980s and 1990s, exhibit a traditional focus on
investor protection, emphasizing guarantees such as fair and equitable treatment (FET), national
treatment, and protection against expropriation, while omitting explicit provisions on environmental
protection or sustainable development (Weinhardt et al., 2022). In contrast, more recent instruments,
particularly those negotiated in the post-2010 period, have introduced limited references to
environmental cooperation and sustainable development principles, signaling a gradual normative shift
influenced by global trends in international investment law and China’s own “Green BRI” commitments
(Li et al., 2021). Nevertheless, these provisions are often couched in broadly aspirational language and
lack operational clauses that would create enforceable obligations or carve-outs safeguarding regulatory
space for environmental measures (Komakech & Ombati, 2023). For instance, many treaties do not
incorporate general exceptions analogous to Paper XX of the General Agreement on Tariffs and Trade
(GATT) or clauses explicitly affirming the host state's right to regulate for the protection of the
environment and public health (Loh, 2021). This omission is legally significant because, without such
safeguards, regulatory measures adopted to mitigate the environmental externalities of investment
projects may be challenged as indirect expropriation or as violations of FET standards in ISDS
proceedings (Duo, 2022). The resulting legal uncertainty has been highlighted in arbitral jurisprudence,
where tribunals have grappled with the tension between investor rights and environmental regulation.
Although no high-profile ISDS cases involving China—East Africa disputes have yet set definitive
precedent, analogous cases under other BITs—such as Methanex v. United States and Urbaser v.
Argentina—illustrate how environmental obligations are increasingly being weighed against investment
protections (Schill, 2019). These developments underscore the need for African states and China to
recalibrate their treaty models to incorporate clearer environmental carve-outs, preambular references

to sustainable development objectives, and, potentially, binding corporate social responsibility (CSR)
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obligations. Such reforms would align the treaties with international environmental law principles,
including the precautionary and polluter-pays principles, and mitigate the risk of regulatory chill in host

states facing ecological and climate-related vulnerabilities (Katterbauer, 2020).

3. ENVIRONMENTAL RISKS AND DISPUTE DYNAMICS IN EAST AFRICAN PROJECTS

Significant infrastructure and resource-based projects in East Africa often entail profound and
multi-layered environmental risks, ranging from ecosystem degradation to significant biodiversity loss,
reallocation of water resources, and, in some instances, transboundary environmental impacts. These
risks are exacerbated by the scale and intensity of projects such as hydropower dams, oil and gas
pipelines, and large-scale mining operations, which frequently intersect with ecologically sensitive areas
and communities dependent on natural resources for their livelihoods (Okoth-Ogendo, 2002). Economic
development imperatives and environmental sustainability remain a central tension in international and
regional environmental governance, particularly in developing economies striving for rapid
industrialization under frameworks such as the African Union's Agenda 2063 (Klein, 2022).
Consequently, the regulatory approaches to mitigating these environmental risks vary significantly
across East African jurisdictions, with some states exhibiting robust legislative frameworks but weak
enforcement capacity. In contrast, others lack comprehensive environmental assessment mechanisms

(Mwangi, 2015).

When host states introduce, strengthen, or enforce environmental measures—such as imposing
stricter Environmental Impact Assessment (EIA) requirements, revoking previously issued permits, or
instituting moratoria on specific activities—such regulatory actions often trigger disputes with foreign
investors. Investors commonly argue that these state measures amount to violations of protections
enshrined in Bilateral Investment Treaties (BITs) or investment chapters of regional trade agreements,
invoking standards such as expropriation (both direct and indirect), non-discrimination, or the guarantee
of Fair and Equitable Treatment (FET) (Kriebaum et al., 2022). For instance, measures taken to comply
with the Convention on Biological Diversity (CBD) or obligations under the Paris Agreement may be
construed by investors as tantamount to indirect expropriation when they significantly impair investment
value without adequate compensation (Dolzer, 1997). Investor-State Dispute Settlement (ISDS)
tribunals have grappled with these issues in cases such as Burlington Resources v. Ecuador and
Metalclad v. Mexico, where the scope of legitimate environmental regulation versus unlawful
expropriation was sharply contested (Parra, 2012). These legal disputes are notoriously complex, both
factually and technically, requiring extensive evidentiary records, expert testimony on environmental
science, and nuanced interpretation of treaty language in light of evolving international environmental
norms (L. E. Trakman, 2013). Given the multiplicity of overlapping economic, environmental, and
social interests, the adjudication of these claims involves substantial procedural and substantive

challenges. They are inherently resource-intensive and demand sophisticated legal and scientific
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expertise, leading to protracted proceedings that impose high transaction costs on states and investors
(Plank et al., 2021). In this context, integrating Artificial Intelligence (Al)-assisted tools into dispute
resolution processes is emerging as a promising innovation. Al-driven systems can assist in tasks such
as reviewing voluminous documentary evidence, identifying relevant precedent across thousands of
arbitral awards, and modeling risk scenarios for potential regulatory measures, enhancing efficiency and
consistency in decision-making. Moreover, predictive analytics and Natural Language Processing
(NLP) algorithms can support arbitral tribunals and counsel by detecting patterns in previous ISDS cases
involving environmental regulation, which may inform arguments on the proportionality and
reasonableness of state measures under the police powers doctrine (Aisbett et al., 2024). The potential
application of these technologies underscores the broader trend toward digital transformation in
international arbitration, as reflected in initiatives such as the ICCA-NYC Bar-CPR Protocol on

Cybersecurity and the ICC Commission's report on Al in arbitration (Poulsen & Aisbett, 2013).

4. HOW AI IS ALREADY USED IN ISDS AND LEGAL PRACTICE

Recent scholarship and professional commentary have extensively documented the integration of
artificial intelligence (AI) technologies into various facets of legal practice. Broadly, these developments
can be categorized into four principal functional domains: document review and e-discovery, legal
research and predictive analytics, contract drafting and standardization, and case management and
triage. In litigation and arbitration, document review and e-discovery have been among the earliest areas
to witness automation, mainly due to these tasks' repetitive and data-intensive nature. Al-powered tools,
leveraging machine learning and natural language processing, are now routinely deployed to sift through
voluminous datasets, enabling the identification of relevant materials with a speed and precision far
exceeding traditional manual methods (Remus & Levy, 2017). These technological interventions align
with judicial recognition of proportionality in discovery obligations under procedural frameworks such
as the Federal Rules of Civil Procedure in the United States (Rule 26(b)(1)) and equivalent provisions
in other jurisdictions, which underscore the importance of efficiency and cost-effectiveness in disclosure
processes. Within arbitration practice specifically, the application of Al extends beyond document
management to encompass more complex analytical tasks (Rostain, 2017). Advanced Al systems are
increasingly employed to process extensive documentary records, identify correlations across past
arbitral awards, and assist counsel in shaping procedural strategies. Drawing on historical datasets,
predictive analytics offers insights into the potential tendencies of arbitral tribunals, enabling counsel to
make data-driven decisions regarding case framing and settlement prospects (Moses, 2024). However,
these benefits are accompanied by significant jurisprudential and ethical concerns. Key among these are
bias and discrimination, given the propensity of Al models to replicate and amplify historical inequities
in training datasets, and transparency and explainability, particularly where algorithmic outputs
influence strategic or adjudicatory determinations. These issues intersect with foundational principles

of due process and rule-of-law guarantees, enshrined in instruments such as Paper V of the New York
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Convention on the Recognition and Enforcement of Foreign Arbitral Awards (1958), which mandates
procedural fairness as a precondition for enforcement. The opacity of specific machine learning
models—often referred to as the "black box" problem—raises questions about the ability of parties to
contest or scrutinize algorithmically influenced decisions, potentially implicating fair hearing rights
under national arbitration statutes and international conventions. Empirical research examining
practitioner attitudes toward Al adoption in arbitration reveals a nuanced perspective. Surveys
conducted by institutions such as the International Council for Commercial Arbitration (ICCA) and the
Silicon Valley Arbitration & Mediation Center (SVAMC) indicate a strong expectation that Al will be
widely deployed in support functions, particularly legal research, data analytics, and document review,
within the near term (Florescu, 2024). Practitioners recognize the potential of Al to enhance efficiency,
reduce costs, and improve accuracy in these areas, thereby facilitating the expeditious resolution of
disputes consistent with the objectives articulated in leading arbitral rules, including Paper 17(1) of the
UNCITRAL Model Law on International Commercial Arbitration, which obliges tribunals to conduct
proceedings "without unnecessary delay or expense." However, the same empirical data suggests a
marked reluctance to embrace fully automated decision-making in arbitration. This resistance reflects
normative concerns—such as the non-delegability of adjudicatory authority under lex arbitri—and
practical apprehensions regarding accountability, appealability, and compliance with fundamental
principles of adjudication. In this respect, the prevailing view appears to endorse a human-in-the-loop
model, wherein Al operates as an assistive tool rather than a substitute for human judgment, aligning
with emerging policy frameworks such as the European Commission's Artificial Intelligence Act, which
advocates for risk-based regulation and emphasizes human oversight in high-stakes decision-making

contexts (Bodansky, 2016).

5. MODES BY WHICH AI CAN STRENGTHEN INVESTOR-PROTECTION REGIMES FOR
ENVIRONMENTAL PROJECTS

Artificial intelligence (AI) offers innovative tools that can enhance investor-protection
frameworks while reinforcing environmental protection objectives. These applications can operate
within ex-ante treaty design and ex-post regulatory compliance, providing policymakers, regulators,
investors, and arbitral tribunals with analytical insights that improve transparency, predictability, and
risk management. Al must be integrated with due process safeguards, as algorithmic recommendations
cannot substitute for the expert judgment of legal and technical authorities. Below, we explore several
ways Al can contribute to more robust investor-protection regimes for environmental projects. One of
the most promising applications of Al lies in the drafting and negotiating international investment
agreements (IIAs) and bilateral investment treaties (BITs). Machine learning algorithms can scan
extensive corpora of treaty texts, arbitral awards, national environmental laws, and model clauses to

propose language that balances investor protection with regulatory autonomy. For instance, Al can
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identify trends in including environmental exceptions, non-preclusion clauses, or public-interest carve-

outs that have mitigated the incidence of investor-state disputes (Baumann, 2024).

Advanced predictive models can simulate potential dispute scenarios under alternative
formulations, estimating the frequency of claims and their likely outcomes based on historical arbitration
data. This ex-ante risk modelling assists states in crafting treaty provisions that reduce regulatory chill
while maintaining investor confidence. From a legal perspective, Al supports the alignment of treaty
language with principles of customary international law, including the fair and equitable treatment (FET)
standard, and ensures consistency with environmental obligations under multilateral treaties such as the
Paris Agreement. Notably, the accuracy of these outputs depends on the quality and representativeness
of training data; therefore, human legal expertise remains indispensable to interpret and validate Al-
generated recommendations (Bodansky, 2016). Al-powered monitoring tools can significantly enhance
environmental compliance oversight. By integrating satellite imagery, remote-sensing data, and ground-
based sensor networks, regulators can achieve near real-time surveillance of project activities, including
deforestation, pollution plumes, and reservoir impacts. Machine learning algorithms can detect
anomalies, flagging potential violations for immediate investigation. Such systems are particularly
valuable for cross-border infrastructure projects—such as hydroelectric dams on shared rivers—where
information asymmetries can exacerbate disputes between host states and investors. Al-driven
dashboards can provide joint situational awareness, facilitating coordinated responses and preventing
disputes from escalating into formal arbitration. Legally, these applications support host states'
obligations under both domestic environmental legislation and international environmental law,
including transboundary impact assessment requirements under the Espoo Convention and related
jurisprudence (Koivurova, 2007). Using Al in this context thus strengthens compliance without
undermining investor protection, as timely alerts reduce the likelihood of unexpected regulatory
interventions. Al systems can also play a transformative role in the early stages of investor-state conflict
by performing pre-dispute triage. Algorithms can evaluate claims' strength, complexity, and potential
costs, proposing appropriate dispute-resolution pathways—ranging from negotiation and mediation to
expert determination or arbitration. Automated platforms can structure dialogue, manage
documentation, and even suggest settlement ranges based on analyses of comparable cases. Such tools
encourage efficient resolution through ADR, potentially reducing reliance on costly, time-intensive
arbitration procedures. From a legal standpoint, Al-enabled triage must respect procedural fairness and
confidentiality standards, ensuring investors and host states retain agency in the dispute-resolution
process. In effect, Al functions as a decision-support mechanism that optimizes dispute management

while preserving the integrity of legal processes (Marsden, 2011).

The increasing technical complexity of environmental disputes often results in voluminous
documentation and data-intensive evidence. Al can accelerate the review of documents, extract technical

findings, summarize expert reports, and map causal chains—for example, linking regulatory permit
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changes to environmental monitoring data (Katterbauer, 2024). By reducing the time and cost of
evidence processing, Al enhances efficiency for investors and host states, while supporting tribunals in
reaching well-informed decisions. However, reliance on Al must be carefully circumscribed.
Transparency and interpretability are essential, and human experts should validate Al-generated
analyses to ensure that arbitral tribunals maintain ultimate evaluative responsibility (Azam et al., 2025).
Legal frameworks, such as the UNCITRAL Rules on Transparency in Treaty-based Investor-State
Arbitration, emphasize that procedural fairness and due process are paramount; Al tools must be used
in ways that reinforce, rather than compromise, these principles. Finally, Al predictive models can
improve the pricing of environmental and regulatory risks in investment projects, which has significant
implications for insurers and financiers. By simulating a range of scenarios—including regulatory
interventions, natural disasters, and environmental compliance breaches—AlI enables more precise risk
assessment. Accurate pricing reduces moral hazard, incentivizes adherence to environmental best
practices, and encourages investment in sustainable projects. Transparent modeling assumptions and
rigorous stress testing are essential to prevent mispricing and systemic risk exposure. From a legal
perspective, predictive analytics must align with regulatory frameworks governing financial disclosures
and insurance underwriting, including international standards on environmental, social, and governance
(ESQG) risk reporting (Amplyfi). Integrating Al in this manner reinforces investor protection while

promoting sustainable development outcomes (Shami et al., 2025).

6. LEGAL, ETHICAL, AND GOVERNANCE CHALLENGES

Integrating artificial intelligence (Al) into adjudicative or quasi-adjudicative processes—such as
investment arbitration or administrative dispute resolution—raises significant concerns under the
principle of due process. Central to these concerns are explainability, transparency, and procedural
fairness issues. The right of parties to understand and, if necessary, challenge the reasoning underlying
a decision is a fundamental tenet of both domestic legal systems and international adjudication (UN
Basic Principles on the Independence of the Judiciary, 1985). When Al systems generate inferences or
recommend determinations, their reliance on complex algorithms and opaque datasets can render such
reasoning non-reproducible and difficult to interrogate(Wischmeyer, 2020). Due process requires that
decisions be reasoned and that the evidence and methods underlying such reasoning are accessible for
scrutiny (Paper 6, European Convention on Human Rights; ICSID Arbitration Rules, Rule 19). In Al-
assisted adjudication, this raises critical questions: Should tribunals disclose Al tools' algorithmic logic,
training datasets, and accuracy metrics (Schiferling, 2023)? If not, does this create an imbalance that
undermines the legitimacy of the process? The skepticism among legal practitioners stems from the fear
that outsourcing substantive legal reasoning to Al could erode the deliberative nature of adjudication,
which traditionally entails interpretative judgment grounded in legal principles rather than predictive

analytics (Katz et al., 2017).
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Several arbitral institutions and practitioner bodies have begun to issue guidance addressing these
concerns. For instance, recent practitioner commentaries suggest that Al tools may be used for document
review or predictive coding but caution against their deployment in rendering determinations without
human oversight. These reports emphasize that while Al can enhance efficiency, the adjudicatory
responsibility of tribunals remains non-delegable. Parties must retain the right to contest Al-generated
evidence that aligns with procedural guarantees under instruments such as the UNCITRAL Model Law
and general principles of natural justice. Al systems are only as reliable as the data on which they are
trained. Data quality and representativeness are particularly salient in international arbitration and
investment disputes because historical datasets may reflect entrenched biases or omit region-specific
realities (Barfield & Pagallo, 2018). Empirical studies demonstrate that algorithmic models trained on
Euro-American legal precedents may systematically undervalue environmental or socio-economic

considerations relevant to African jurisdictions.

East African governments, in particular, encounter structural challenges such as data scarcity,
limited technical capacity, and inadequate institutional infrastructure for validating algorithmic
outputs(Giroud & Ivarsson, 2020). These limitations risk creating capacity asymmetries that favor well-
resourced investors capable of deploying advanced legal analytics, reinforcing existing inequalities in
investor—state dispute settlement (ISDS). This asymmetry undermines the principle of equality of arms
and could deter states from fully exercising their regulatory autonomy in sectors like environmental
protection or climate adaptation. To mitigate these risks, scholars and policymakers advocate for
capacity-building programs, mandatory disclosure of algorithmic methodologies, and transparent data-
sharing protocols that allow host states to access and verify Al-generated insights (L. E. Trakman, 2013).
Absent such measures, reliance on opaque Al tools may compromise procedural fairness and arbitral
awards' perceived legitimacy. Confidentiality is a cornerstone of investment arbitration, enshrined in
many bilateral investment treaties (BITs) and institutional rules (e.g., ICSID Convention, Paper 48; ICC
Arbitration Rules, Paper 22). However, environmental disputes introduce a competing imperative:
transparency in matters of public interest, particularly where disputes implicate climate commitments
or natural resource management. This tension is amplified by the deployment of Al systems, which often
rely on cross-border data transfers and access to large-scale datasets stored in cloud environments

controlled by private vendors.

From a legal perspective, these developments implicate state sovereignty and data protection
frameworks. Sovereignty concerns arise when sensitive economic or environmental data leaves the host
state's jurisdiction, potentially violating domestic laws on national security or strategic resource
governance (Masons, 2023). Additionally, privacy regulations such as the General Data Protection
Regulation (GDPR) in the European Union, and emerging African data protection statutes (e.g., Kenya's
Data Protection Act, 2019), impose strict conditions on data processing and international transfers. To

reconcile these competing interests, treaty design and institutional rule-making must evolve to
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incorporate Al-specific governance clauses that balance investor confidentiality with environmental
transparency and public accountability imperatives. Proposals include hybrid confidentiality regimes,
third-party audits of Al systems to ensure compliance with data sovereignty norms, and the development
of secure multi-party computation techniques that allow data analysis without compromising control
(Yeung, 2020). Absent such innovations, the promise of Al-driven efficiency may come at the expense

of both public trust and state prerogatives in environmental governance.

7. POLICY AND TREATY DESIGN RECOMMENDATIONS

Drawing on the empirical findings and doctrinal scholarship in international investment law,
environmental law, and emerging digital governance frameworks, this section proposes a
comprehensive package of legal and policy measures designed to responsibly incorporate artificial
intelligence (Al) into investor-protection regimes for environmental projects between China and East
African states. These recommendations address the dual imperative of safeguarding regulatory
autonomy for environmental protection while ensuring predictability and fairness in foreign investment
relations. Modern bilateral investment treaties (BITs) and related international investment agreements
should incorporate express environmental-protection clauses and adopt balancing tests to harmonize
investor rights with host-state environmental obligations. This approach is consistent with the trend
identified in recent treaty practice, such as the inclusion of general exceptions and sustainable
development clauses in agreements modeled after the Comprehensive Economic and Trade Agreement
(CETA) and the EU's new generation of BITs. Explicit non-preclusion clauses should confirm that states
retain the regulatory space to enact bona fide environmental measures, even if such measures adversely
affect investor expectations, thereby reducing the risk of regulatory chill. Al-assisted clause drafting
tools could enhance treaty precision by enabling comparative text analysis and predictive modeling to

calibrate language that balances investor confidence with environmental imperatives (Cristani, 2021).

To address the operational realities of Al deployment in environmental projects, treaties and
project-level contracts should include dedicated annexes that specify permissible Al applications, data-
sharing obligations, ownership regimes, and confidentiality restrictions. These annexes should also set
out algorithmic transparency standards, requiring disclosure of model architecture and explainability
metrics for systems used in environmental impact assessments or compliance verification (see EU Al
Act Proposal, COM(2021) 206 final). Provisions for audit rights and algorithmic accountability are
essential to ensure that Al systems do not create new asymmetries of information between investors and
host states. Similar approaches have been observed in the OECD's Guidelines on Artificial Intelligence
(2019) and are increasingly advocated in arbitral scholarship (Hill-Cawthorne, 2021). Investment
treaties should require multi-tiered dispute resolution mechanisms where negotiation, mediation, or
independent expert determination constitutes a mandatory precondition to investor-state arbitration. This

approach aligns with the 2019 ICSID Mediation Rules and reflects the policy objective of early dispute
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settlement to preserve cooperative relationships. Al-powered case triage and digital ADR platforms
could enhance settlement rates by providing predictive analytics on likely outcomes and clustering
disputes based on factual similarities, thereby reducing costs and delays. Such procedural innovations
should be framed within due process safeguards, ensuring that automated recommendations remain
advisory and non-binding unless expressly accepted by the parties. The creation of co-funded
environmental monitoring platforms that integrate satellite imagery, loT sensors, and Al analytics would
enable real-time environmental compliance tracking, promote transparency, and reduce information
asymmetries that often complicate investor-state disputes. These platforms could operate under a joint
governance framework involving both home and host states, consistent with principles of cooperative
federalism embedded in multilateral environmental agreements such as the Paris Agreement (2015). By
providing shared evidentiary baselines, such platforms may facilitate amicable settlements and improve

evidentiary integrity in arbitral proceedings (Suarez, 2023).

Host states in East Africa frequently face resource and expertise constraints in regulating complex
technological systems, including Al. Consequently, treaties should include obligations for capacity-
building, financed jointly by China, host states, and international financial institutions, to train regulators
in interpreting Al-generated outputs and enforcing compliance. In parallel, independent auditing
mechanisms should be mandated for high-stakes Al systems used in monitoring, adjudication, or
enforcement. Accredited third-party experts should conduct such audits, akin to the external auditing
standards referenced in the OECD Due Diligence Guidance for Responsible Business Conduct (2018).
These measures ensure that reliance on Al does not compromise accountability or lead to opaque
decision-making processes in investor-state disputes. Finally, procedural rules governing investor-state
arbitration should incorporate specific safeguards for the admission and evaluation of Al-assisted
evidence. Institutional rulebooks (e.g., ICC, LCIA, ICSID) or model guidelines could require disclosing
the methods, datasets, and algorithms underlying any Al-generated expert evidence presented in arbitral
proceedings. Parties should retain the right to cross-examine Al outputs through human experts, and
tribunals should be empowered to appoint neutral technical experts to assist in assessing such evidence.
These safeguards resonate with due process principles under Paper 18 of the UNCITRAL Model Law
on International Commercial Arbitration and uphold the evidentiary integrity of proceedings in a

technologically evolving landscape (Chojecki & Nappert, 2021).

8. POTENTIAL IMPLEMENTATION PATHWAYS: PILOT PROJECTS

One potential implementation pathway involves the establishment of the Sino—East African
Environmental Monitoring Consortium, a tripartite initiative comprising Chinese investors, East African
host states, and independent scientific experts. This consortium would deploy a pilot artificial
intelligence (Al)-driven satellite and sensor monitoring platform to oversee select infrastructure

projects, such as hydroelectric cascades along major river basins. The primary purpose of this
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mechanism is to ensure real-time environmental compliance by integrating remote sensing technologies
with predictive analytics. Such systems could generate shared dashboards providing early-warning alerts
to relevant stakeholders and standardized environmental performance reports. These reports would have
significant evidentiary value in alternative dispute resolution (ADR) mechanisms, particularly in
investor—state disputes where environmental obligations under bilateral investment treaties (BITs) and
domestic environmental regulations are contested. The legal foundation for such an initiative can draw
from Paper 12 of the Paris Agreement, which promotes transparency in climate-related measures, and
Principle 10 of the Rio Declaration on Environment and Development, which underscores access to
environmental information. Similar monitoring systems have been endorsed by the International Law
Commission (ILC) in its work on protecting the atmosphere and transboundary harm, supporting the
idea that technology-driven transparency strengthens compliance and reduces disputes (Bagna et al.,

2021).

Furthermore, the consortium could operate under public—private partnership (PPP) arrangements,
ensuring that the obligations of both investors and host states under international investment law—
including fair and equitable treatment (FET) standards—are complemented by scientifically verified
data. This would mitigate litigation risks under instruments such as the ICSID Convention and
UNCITRAL Arbitration Rules, which often grapple with evidentiary challenges in environmental
impact disputes. Data governance frameworks must also address confidentiality and sovereignty
concerns, drawing on the OECD Guidelines on Data Governance for Growth and Well-being and the
African Union Convention on Cyber Security and Personal Data Protection (Malabo Convention).
Another innovative pathway entails the creation of an Al-assisted Alternative Dispute Resolution (ADR)
portal specifically tailored to infrastructure disputes involving Chinese investors and East African states.
This online platform would enable stakeholders to submit complaints, which the system would process
through a confidential Al-powered triage mechanism. The algorithm would assess jurisdictional issues,
classify disputes according to their nature—such as construction delays, environmental compliance, or
contractual interpretation—and recommend ADR methods (e.g., mediation, conciliation) or complete
arbitration proceedings. The platform would facilitate transparent and efficient resolution processes by
integrating blockchain-based document authentication and secure streaming of documentary evidence
and environmental data. Appointed mediators or experts could access real-time environmental
compliance data, reducing the evidentiary uncertainty that often prolongs infrastructure disputes

(Komakech & Ombati, 2023).

Legally, such a portal would align with global trends towards digital dispute resolution as
recognized in instruments such as the UNCITRAL Technical Notes on Online Dispute Resolution
(2016). In international investment law, the system could serve as an early intervention tool to prevent
escalation to investor—state arbitration, which is often criticized for being costly and adversarial. By

embedding confidentiality protocols, the portal would adhere to standards outlined in Paper 9 of the
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UNCITRAL Rules on Transparency in Treaty-based Investor—State Arbitration, which balances
openness with legitimate confidentiality interests. Moreover, the portal could be structured to comply
with regional frameworks, including the East African Community (EAC) Treaty provisions on dispute
settlement and the China—Africa Cooperation Forum (FOCAC) policy frameworks encouraging dispute
prevention and amicable settlement in Belt and Road projects. A third pilot project could focus on a
Treaty Modernization Program, providing a renegotiation toolkit leveraging Al-based modeling
techniques (Van Staden et al., 2018). This toolkit would simulate different drafting options for clauses
in bilateral investment treaties (BITs) or infrastructure-related treaties between China and East African
states. By running predictive analytics on historic dispute frequencies, outcomes, and compliance trends,
the system could model how specific legal formulations—such as umbrella clauses, stabilization
clauses, or environmental carve-outs—affect the likelihood and nature of future disputes. This would
empower negotiators to make evidence-based, forward-looking choices when drafting or amending
treaties. Such a program addresses the pressing need for treaty reform, which has been highlighted in
ongoing debates within UNCITRAL Working Group III on ISDS reform and the OECD's Multilateral
Investment Treaty Reform discussions. It aligns with recommendations in the UNCTAD Investment
Policy Framework for Sustainable Development, which calls for a balance between investor protection
and regulatory space for host states. The program would also incorporate comparative legal analysis of
recent treaty innovations, including environmental and human rights obligations in the 2019 Netherlands
Model BIT and the Morocco—Nigeria BIT (2016), which pioneered sustainability clauses. This Al-
assisted tool could promote harmonization with sustainable development goals (SDGs), particularly
SDG 16 on peace, justice, and strong institutions by allowing negotiators to visualize risk profiles under

alternative treaty designs (Onyejegbu, 2023).

9. CONCLUSION

Artificial intelligence (AI) presents a measurable and transformative potential to reduce
transaction costs, enhance environmental monitoring, and facilitate more efficient and informed dispute
resolution in investor—state arbitration, particularly in relation to technically complex environmental
projects in East Africa involving Chinese investors under the framework of bilateral investment treaties
(BITs) and regional economic agreements. This promise aligns with the growing demand for predictive
analytics and advanced data processing in disputes involving natural resources, environmental
degradation, and climate change mitigation obligations. For instance, Al-driven remote sensing tools
can provide verifiable evidence regarding compliance with environmental impact assessments (EIAs),
a recurrent point of contention in disputes concerning large-scale infrastructure projects such as those
financed under the Belt and Road Initiative (BRI). Moreover, the integration of machine learning models
in document review and legal analytics has the potential to expedite arbitral proceedings while reducing

costs, thereby addressing concerns about the accessibility and affordability of investor—state dispute
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settlement (ISDS), which have long been critiqued in scholarly literature for their protracted duration

and high costs (Katterbauer & Moschetta, 2022).

However, technological promise must be accompanied by robust governance mechanisms to
ensure that the deployment of Al tools respects fundamental principles of international investment law
and public international law, particularly those pertaining to due process, transparency, and regulatory
autonomy. This necessitates precise treaty drafting that preserves the regulatory space of host states in
accordance with Paper 12 of the African Continental Free Trade Area (AfCFTA) Protocol on
Investment, and ensures consistency with general principles reflected in Paper 31 of the Vienna
Convention on the Law of Treaties (VCLT). Procedural safeguards, such as those outlined in the
UNCITRAL Rules on Transparency in Treaty-based Investor-State Arbitration, must be integrated to
guarantee that Al-assisted evidence gathering does not compromise the right to be heard or equality of
arms between disputing parties. Furthermore, introducing Al systems into adjudicatory processes raises
questions under principles such as nemo judex in causa sua and the requirement of an independent and

impartial tribunal under Paper 18 of the UNCITRAL Arbitration Rules (Katterbauer, Genc, et al., 2024).

A critical component of such governance is capacity building to mitigate asymmetries between
resource-constrained host states and foreign investors with superior technological capabilities. Without
institutional strengthening and access to technical expertise, introducing Al tools could exacerbate rather
than reduce existing inequalities in ISDS proceedings. This concern resonates with the normative
objectives of the United Nations Guiding Principles on Business and Human Rights (UNGPs), which
emphasize access to remedy and non-discrimination. Independent auditing of algorithmic systems
should also be mandated to prevent systemic bias, as required under emerging soft law instruments such
as the OECD Al Principles (2019) and the UNESCO Recommendation on the Ethics of Artificial
Intelligence (2021). Algorithmic accountability and periodic transparency reports can serve as essential
safeguards against opacity and error in automated decision-support systems used in environmental
compliance monitoring and arbitral case management. Policymakers and practitioners must
conceptualize Al not as a substitute for legal reasoning or normative interpretation but as a suite of
instruments capable of rendering treaty implementation and dispute resolution more evidence-based,
transparent, and environmentally sustainable. Such an approach aligns with contemporary trends in
international investment governance, which increasingly seek to integrate sustainable development
considerations into treaty frameworks, as exemplified by recent model BITs from countries such as India
(2016) and the Netherlands (2019). By embedding Al deployment within a governance architecture that
prioritizes legality, accountability, and environmental stewardship, states and arbitral institutions can
harness technological innovation while safeguarding the legitimacy and fairness of the ISDS regime in

East Africa and beyond.
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ABSTRACT

The convergence of artificial intelligence (Al) and healthcare promises a paradigm shift in
diagnostics, treatment personalization, and drug discoveryl However, this convergence occurs within a
complex legal and ethical framework, where patent law,_andwnascentydI-specific regulations intersect.
This article conducts a comparative analysis of the impact, of this regulatory nexus on healthcare
innovation in two distinct contexts: China, a state-divected technolagical superpower, and Africa, a
continent of 54 diverse nations pursuing collective technologicalsovereignty. It argues that while China
employs a strategic, top-down model.that leveragessits patent system to fuel a national Al-healthcare
industrial policy, African nations \navigatesa polycentric and fragmented landscape. The continent's
primary challenge lies in balancing theiimperative forrobust patent protection to incentivize innovation,
both foreign and domestic, against the urgent need for equitable access to healthcare. This balancing
act occurs within afecomplex, ‘multi-level governance structure, where nascent continental strategies
from the African Union must be reeonciled with diverse national priorities and limited institutional
capacity, all While avoiding a new wave of technological dependency. The article concludes that the
evolving regulatory firameworks in both regions will not only shape their domestic health outcomes but

also critically influénce the'global governance of Al in medicine.
Keywords: AI'Regulation, Healthcare Innovation, Patent Law, China, Africa.

Jel Codes: K39, 034, 118.

¥APAY ZEKA DUZENLEMELERI VE PATENT HUKUKUNUN CiN VE AFRIKA’DA
SAGLIK iNOVASYONU UZERINDEKI ETKIiSi: LABIRENTTE YON BULMAK

OZET

* Buclid University, Banjul/ The Gambia,E-mail: katterbauer@euclidfaculty.net.
** Euclid University, Banjul/ The Gambia E-mail: h.syed2@outlook.com.

*** Istanbul Ticaret University, Istanbul/ Tiirkiye, E-mail: rdozbay@ticaret.edu.tr.
*** Y1ldiz Technical University, Istanbul/ Tiirkiye, E-mail: sygenc@yildiz.edu.tr.

68



ICOAEF-XV International Conference on Applied Economics and Finance
May 11"-12", 2026 / Bishkek- KYRGYZ REPUBLIC

Yapay zeka (YZ) ile saghk sektoriiniin kesisimi; teshis, tedavinin kigisellestirilmesi ve ilag kesfi
alanlarinda paradigmatik bir doniisiim vaat etmektedir. Ancak bu doniisiim, patent hukuku ile heniiz
gelismekte olan yapay zekdya ozgii diizenlemelerin i¢ ice gectigi karmasik bir hukuki ve etik gergeve
icerisinde gerceklesmektedir. Bu c¢alisma, soz konusu diizenleyici kesisimin saglik inovasyonu
tizerindeki etkisini iki farkly baglam iizerinden karsilastirmali olarak incelemektedir: devlet
yonlendirmeli teknolojik bir siiper giic olan Cin ve kolektif teknolojik egemenlik arayisindaki 54 farki
tilkeden olusan Afrika kitasi. Calisma, Cin’in patent sistemini ulusal YZ-saglik sanayi politikasin
desteklemek amaciyla kullanan stratejik ve yukaridan asagiya isleyen bir model benimsedigini ileri
stirmektedir. Buna karsilik Afvika iilkeleri ise ¢ok merkezli ve parcall bir diizenleyici yap: icerisinde
hareket etmektedir. Kitanin temel sorunu,; hem yabanct hem de yerel inovasyonu tegvik etmek igin giiclii
patent korumasi saglama gerekliligi ile saglik hizmetlerine adil erisim\ihtiyaci arasindd denge
kurmaktir. Bu denge arayisi, Afrika Birligi’nin yeni ortaya ¢ikan Kitasal Stratejilerinin, farkl ulusal
oncelikler ve simirli kurumsal kapasite ile uyumlastirilmasimi gerektiren ¢ok katmanly bir yonetisim
yapist i¢inde gergeklesmekte; aymi zamanda yeni bir téknolojik bagimhlik dalgasindan kaginma
cabasiyla sekillenmektedir. Caligsma, her iki bolgede gelismekte olan diizendeyici ¢ercevelerin yalnizca
kendi i¢ saghk sonuclarint degil, aymi zamanda fipta yapay zekdmin kiiresel yonetisimini de kritik

bigimde etkileyecegi sonucuna varmaktadir.
Anahtar Kelimeler: Yapay Zeka DiizenldmeleripSaglik Inovasyonu, Patent Hukuku, Cin, Afiika.

JEL Kodlari: K39, O34, 118.

1. INTRODUCTION: THE TRIPLEHELIX OF AL, PATENTS, AND HEALTHCARE

The integration of sophisticated artificial intelligence into healthcare is producing a paradigmatic
shift in medicine. From algorithm-driven radiology and genomic pattern recognition to optimizing
clinical trials, Al is redefining therapeutic development. This technological transformation, however, is
fundamentally mediated by intellectual property law. This technological transformation is mediated
radically by the framework of intellectual property law, wherein the patent system functions as the
primary mechanism for incentivizing capital-intensive research and development by conferring time-
limited exclusivity. Historically, this regime has proven adept at protecting discrete, human-originated
inventions such as novel pharmaceutical compounds and tangible medical devices (Bostyn, 2003).
However, the emergence of Al-generated and Al-assisted inventions presents a series of profound
juridical and philosophical challenges that strain the foundations of existing patent law. Core tenets of
inventorship are being questioned, as legal systems globally grapple with whether a non-human,
autonomous Al can be recognized as an "inventor," a status traditionally reserved for natural persons
(Dolan et al., 2023). Furthermore, the criterion of "non-obviousness," which is predicated on a
hypothetical person having ordinary skill in the art, becomes nebulous when the discovery is made by a

machine learning model capable of identifying multifactorial correlations invisible to human experts.
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Perhaps the most significant hurdle lies in the patent eligibility of the Al algorithms themselves, which
must navigate the thorny distinction between a patentable "application" of an abstract idea and the
unpatentable abstract idea itself. A diagnostic algorithm, for instance, must demonstrate a sufficiently
"inventive concept” that transforms it from a mere mathematical abstraction into a specific, practical
tool with a concrete, real-world outcome—such as saving lives. Consequently, the evolving
jurisprudence in this domain will not only determine the commercial viability of Al in medicine. Still,
it will also fundamentally redefine the legal and conceptual boundaries of human ingenuity and

invention in the age of algorithms (Dutfield, 2017).

The profound patent law questions surrounding Al in healthcare—about inventorship, non-
obviousness, and the patent-eligibility of algorithms—are further complicated by the concurrent
emergence of a dense thicket of Al-specific regulations aimed at ensuring safety, efficacy, and equity.
This creates a dual-hurdle "regulatory labyrinth" where innovators must navigate not only the incentive
structures of intellectual property law but also the compliance mandates of data privacy regimes like the
EU's GDPR and China's PIPL, alongside stringent requirements for algorithmic transparency and
rigorous clinical validation. This article examines the construction and navigation of this labyrinth
within two critical and strategically divergent geographies: the People's Republic of China and the
continent of Africa. China's approach is characterized by a state-directed, centralized model, leveraging
its Digital Silk Road initiative and strategic ambition to achieve global Al leadership by 2030; this top-
down framework prioritizes national security and economic dominance, creating a structured, if tightly
controlled, environment for Al development and deployment (Vladyslav et al., 2024). In stark contrast,
Africa's regulatory landscape is emergent, polycentric, and inherently fragmented, being shaped by a
complex interplay of national policies, regional coalitions, and significant external influence from global
powers and non-governmental organizations. This approach is heavily informed by a historical legacy
of healthcare inequity and a pressing, pragmatic need for technological leapfrogging to address gaps in
infrastructure and clinical capacity. Consequently, the interplay between China's orchestrated
governance and Africa's adaptive, multi-stakeholder model presents a vital comparative lens through
which to analyze how divergent regulatory philosophies are shaping the global future of Al-driven
healthcare, determining not only the pace of innovation but also the distribution of its benefits and the

governance of its risks (Gold, 2003).

2. RESEARCH METHODOLOGY

The article employs a qualitative, comparative case study design to investigate the complex
interplay between patent law, Al regulation, and healthcare innovation. The methodological approach
is structured to facilitate a deep, contextualized analysis of two strategically significant yet

fundamentally different cases: the People's Republic of China and the continent of Africa. This section
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delineates the research methodology, detailing case selection, data collection, and analytical procedures,

before outlining the multi-disciplinary theoretical framework that underpins the analysis.

The core of this research is a structured, comparative case study. This methodology is particularly
apt for investigating contemporary phenomena within their real-life contexts, especially when the
boundaries between the phenomenon and its context are not clearly evident. By comparing China and
Africa, the study leverages a "most different systems" design. China represents a centralized, state-
capitalist model with a unified legal system and a top-down industrial policy. Africa, in contrast,
constitutes a polycentric, multi-state continent with diverse legal traditions and an emergent, consensus-
driven approach to governance. This stark contrast allows for the isolation of how different governance
structures, state capacities, and historical legacies shape the regulatory nexus of Al and patents in
healthcare. The comparison is not intended to rank one model as superior but to elucidate the distinct

trade-offs, strategic choices, and convergent challenges inherent in each pathway (Tambo et al., 2016).

This research is grounded in a systematic qualitative methodology, employing a comparative
policy analysis that triangulates a wide array of primary and secondary sources to ensure analytical
robustness and validity. The primary research involved a meticulous examination of foundational legal
and regulatory texts, including China's Patent Law, Cybersecurity Law, Personal Information Protection
Law (PIPL), and the Interim Measures for Generative Al Services, contrasted with the constitutive
agreements of African bodies like the African Regional Intellectual Property Organization (ARIPO) and
the Organisation Africaine de la Propriété Intellectuelle (OAPI), alongside national laws from key
jurisdictions such as Kenya, Nigeria, South Africa, and Rwanda. This legal analysis was supplemented
by a close reading of strategic policy documents, including China's "New Generation Al Development
Plan" and the African Union's "Digital Transformation Strategy for Africa," and operational guidelines
from agencies like China's National Intellectual Property Administration (CNIPA) and the Africa
Medical Devices Forum (AMDF). To situate this primary data within the scholarly discourse, the study
integrates a comprehensive review of secondary sources, including peer-reviewed literature from fields
such as law, science and technology studies, and public health, analytical reports from international
organizations like WIPO and the WHO, and documented case studies of real-world Al deployments,
such as Zipline's drone logistics in Rwanda and Ghana, thereby ensuring the findings are both

theoretically informed and empirically grounded (Lin et al., 2016).

This research employed a structured, two-stage analytical procedure to dissect the complex
interplay of policy, law, and innovation in Al and healthcare. The process commenced with a dedicated
within-case analysis, where the Chinese and African contexts were examined as independent, holistic
ecosystems. For China, this involved meticulously tracing the causal and reinforcing links between its
top-down national strategies, the permissive implementation of patent law by the China National
Intellectual Property Administration (CNIPA), and the resultant ascent of state-favored corporate

champions in the Al-healthcare sector. Simultaneously, the African case was analyzed by assessing the
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dynamic interplay between supranational harmonization efforts led by bodies like the African Union,
the persistent reality of national-level regulatory fragmentation, and the overarching developmental
imperative for technological leapfrogging. Following this deep contextual understanding, the study
proceeded to a systematic cross-case comparison along pre-defined analytical axes derived from the
core research questions. This comparative framework explicitly evaluated the contrasting philosophy of
governance (state-directed industrial policy versus polycentric, needs-based consensus), the divergent
function of IP law (a strategic weapon for global market capture versus a delicate instrument for
managing technology transfer and access), the opposing regulatory approaches (comprehensive top-
down control versus emergent bottom-up harmonization), and the distinct data governance paradigms
(state-controlled sovereignty versus the pursuit of equitable pan-African data spaces). It was this
rigorous, structured comparison that not only illuminated the starkly divergent developmental paths of
the two models but also, and perhaps more significantly, enabled the identification of their critical,
converging challenges—namely, the universal imperatives to mitigate algorithmic bias and to navigate
the contentious arena of global Al standard-setting (Pan, 2015). For the theoretical framework, this
article is situated at the intersection of several theoretical traditions, constructing a multi-disciplinary

lens to analyze its core problem.

The analysis is fundamentally informed by theories of technological sovereignty and national
innovation systems (NIS). The concept of technological sovereignty posits that states seek to assert
control over critical technological domains to ensure economic competitiveness, national security, and
policy autonomy. China's model is a textbook case of a state actively constructing a sovereign
technological ecosystem through its NIS, where public policy, industry, and academia are aligned to
achieve strategic goals. Conversely, Africa's pursuit of collective technological sovereignty, as
articulated in its continental strategies, represents a novel, supranational application of this concept,
aiming to reduce dependency and assert agency in the global digital order. The research draws heavily
on law and political economy (LPE) scholarship, which critiques the notion of law as a neutral arbiter
and instead examines how legal structures are shaped by, and in turn shape, political and economic
power relations. The article treats patent law not as a static, technical field but as a malleable instrument
of political economy. In China, patent law is strategically deployed to serve a state-capitalist industrial
policy. In Africa, the debates around IP and TRIPS flexibilities are viewed through the LPE lens,
highlighting the enduring power imbalances in the global political economy and the use of law as a site

of resistance and re-negotiation.

To critically assess the societal implications, the framework incorporates theories of data
colonialism and biopolitics. Data colonialism theory suggests that new forms of capital accumulation
are emerging through the extraction and control of data, potentially creating new dependencies between
technologically advanced and developing regions. This informs the analysis of risks in Africa, where a

lack of local data sovereignty could lead to a new form of technological subjugation. Simultaneously, a
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biopolitical analysis, inspired by Foucault, is used to interpret the Chinese model. The potential fusion
of Al-generated health data with the social credit system exemplifies a form of biopower where the
state's power extends to the management and control of the biological lives of its population, optimizing
health for economic productivity and social stability at the expense of individual autonomy (Ventose,

2011).

Given Africa's fragmented landscape, the theory of polycentric governance is essential. This
framework explains how order can emerge from multiple, overlapping centers of decision-making
(nation-states, regional organizations like the AU, ARIPO, OAPI) rather than a single, central authority.
The African model is analyzed not as a failure of centralization but as an experiment in polycentric
governance, where coordination, harmonization, and coalition-building are the primary mechanisms for
managing complex, transnational technological challenges (Naidoo et al., 2022). By integrating
methodological rigor and theoretical perspectives, this article provides a nuanced, critical, and
comprehensive analysis of how the regulatory labyrinth of patents and Al is being constructed and
navigated in two pivotal regions, with profound implications for the future of global health (Singh,

2023).

3. THE CHINESE MODEL: STRATEGIC PATENTING AND STATE-DIRECTED
INNOVATION

China has decisively positioned itself as a global leader in the application of artificial intelligence
to healthcare, a status not achieved by happenstance but meticulously engineered through a sophisticated
and strategic interplay of national policy, patent law, and regulatory design. This orchestrated ecosystem
is most evident in the nation's patent landscape, which has undergone a remarkable transformation from
one of adherence to intellectual property (IP) to one of prolific and strategic generation. China now leads
the world in the volume of Al-related patent filings, a quantitative dominance that reflects a qualitative
shift in national ambition (Ye et al., 2019). Within healthcare, this surge is strategically channeled into
government-prioritized domains such as medical imaging diagnostics, Al-accelerated drug discovery—
often termed "Al-drug conjugates"—and the data-rich field of wearable health monitors. This focus is
directly orchestrated by central initiatives, such as "Made in China 2025" and the "New Generation Al
Development Plan," which translate high-level strategy into tangible action through substantial R&D
subsidies, tax incentives, and targeted support for state-backed enterprises. The Chinese patent office,
the CNIPA, acts as a crucial enabler within this framework, having issued guidelines that are notably
permissive toward Al inventions (Durojaye, 2013). While maintaining the mainstream global position
of not recognizing the Al itself as an inventor, the CNIPA adopts a pragmatic, utility-focused stance,
permitting the patenting of Al-based methods and systems when they are convincingly integrated into a
specific technical process, such as a concrete medical diagnostic application (Pesapane et al., 2021).

This approach effectively sidesteps protracted philosophical debates in favor of a principle of tangible
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industrial application, thereby creating a streamlined pathway from laboratory innovation to market
commercialization. This synergistic system—where national strategy dictates priority areas, fiscal
policy funds the research, and a pragmatic patent office facilitates legal protection—has catalyzed the
rapid maturation of technologies from corporate and institutional giants like BGI Group in genomics
and Alibaba Health in telemedicine, solidifying China's integrated and state-directed model of

technological ascendancy (Teremetskyi et al., 2024).

China's regulatory framework for artificial intelligence in healthcare functions as a strategically
calibrated instrument, deliberately balancing assertive state control with targeted facilitation to
accelerate commercial and technological dominance. This dualistic nature is evident in the coexistence
of restrictive data governance and permissive market-access pathways. On the one hand, a formidable
architecture of control, comprising the Cybersecurity Law, the Personal Information Protection Law
(PIPL), and the 2023 Interim Measures for Generative Al Services, establishes a tightly bound
operational ecosystem. These regulations mandate stringent security assessments, enforce rigid data
sovereignty, and compel algorithmic adherence to state-defined sociopolitical principles, creating
significant compliance burdens, particularly concerning the cross-border transfer of patient data, which
can impede international research collaboration (Katterbauer & Cleenewerck, 2024). Conversely, and
strategically, the National Medical Products Administration (NMPA) has implemented a "green
channel" approval process designed to fast-track innovative Al medical devices, effectively
counterbalancing the restrictive data environment by drastically reducing time-to-market for domestic
innovators (Pan, 2015). This regulatory dichotomy is not paradoxical but synergistic; it creates a
protected and preferential domestic market. The state's unique capacity to orchestrate access to massive,
centralized health datasets—deploying them in sanctioned partnerships with national tech champions
like Tencent and Ping An—provides a formidable, non-tariff barrier to foreign competition and an
unparalleled testbed for training and refining complex Al models (Yueh, 2009). Thus, the Chinese
regulatory model is not merely a set of constraints but a sophisticated industrial policy tool. By creating
a walled garden—where data is protected as a national asset and market access is streamlined for
compliant domestic entities—China cultivates a generation of Al healthcare solutions that are
simultaneously advanced by the scale of available data and inherently aligned with the state's sovereign
priorities, ensuring that control and commercialization proceed in lockstep toward the objective of global

leadership (McMahon & Richardson, 2022).

The domestic impact of China's integrated Al-healthcare strategy is profound and dualistic,
simultaneously demonstrating the immense potential for public health advancement while raising
fundamental questions about its societal costs. On one hand, the deployment of Al-assisted diagnostic
tools, particularly in medical imaging, is occurring at an unprecedented scale within urban hospital
networks, serving a critical function in alleviating the diagnostic burden on a perennially stretched

healthcare system (Wu, 2010). Furthermore, the integration of these Al tools with telemedicine
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platforms presents a potent strategy for mitigating stark regional inequities in healthcare access,
potentially delivering specialist-level diagnostic capabilities to remote and rural populations (Xie, 2024).
However, this technologically enabled progress is intrinsically tethered to a model of governance that
invites significant ethical and political critique. The potential fusion of sensitive health data, generated
by these Al systems, with the architecture of the state's social credit system creates a paradigm of bio-
surveillance that extends far beyond therapeutic intent, repurposing patient information for broader
social scoring and behavioral monitoring. Consequently, while the top-down, state-capitalist model has
proven remarkably efficient at marshaling resources and accelerating technological innovation, it does
so within a framework of pervasive state control (Russo, 2015). This framework prioritizes collective
health outcomes and social stability, often at the deliberate expense of individual data privacy and
autonomy, thereby illustrating a distinct trade-off where gains in public health efficiency and access are
counterbalanced by an unprecedented deepening of state power into the biopolitical lives of its citizens

(Chen & Liu, 2023).

4. THE AFRICAN CONTEXT: FRAGMENTATION, LEAPFROGGING, AND
SOVEREIGNTY

The African narrative regarding intellectual property and artificial intelligence in healthcare is
inherently complex, defying characterization as a monolithic bloc due to the continent's 54 sovereign
states with their divergent legal traditions, infrastructural capacities, and public health priorities. While
the regulatory landscape is consequently fragmented, a nascent continent-wide strategy is beginning to
cohere, primarily through the dual frameworks of the African Regional Intellectual Property
Organization (ARIPO) and the Organization Africaine de la Propriété Intellectuelle (OAPI). Despite
these regional structures, the patent landscape for Al-healthcare remains characterized by a significant
imbalance, with a low volume of locally generated patents and a market often dominated by foreign-
protected technologies. This dominance perpetuates long-standing concerns regarding cost-prohibitive
access, a lack of local adaptation to endemic diseases and diverse patient populations, and the
reinforcement of a cycle of technological dependency. At the heart of the African context lies a
fundamental and unresolved tension: the imperative to incentivize innovation, both foreign and
domestic, through robust IP protection, set against the urgent, often immediate, public health need for
equitable and affordable access to medical technologies (Townsend et al., 2023). This dichotomy is
vividly reflected in the historical and continued use of Trade-Related Aspects of Intellectual Property
Rights (TRIPS) flexibilities, such as compulsory licensing, by several African nations to ensure access
to essential medicines. As Al-based diagnostic and prognostic tools evolve from novel conveniences to
critical components of healthcare delivery, a similar dynamic is poised to emerge, forcing a re-evaluation
of foundational IP concepts. This raises profound, forward-looking questions: could a diagnostic
algorithm for a disease like malaria or tuberculosis be deemed an "essential medicine," thereby justifying

the invocation of public health flexibilities to override patent exclusivity? Furthermore, the central
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challenge for African nations will be to architect IP and innovation policies that successfully foster a
nascent local Al ecosystem without simultaneously erecting the very legal barriers that could limit the
widespread dissemination of these potentially life-saving tools, thus navigating a precarious path

between fostering invention and ensuring implementation (Alsamara & Farouk, 2024).

In stark contrast to China's established and centralized model, the regulatory framework for Al in
healthcare across much of Africa is characterized by its emergent and often fragmented nature, with
most nations currently lacking comprehensive, Al-specific legislation. While data protection laws are
gradually evolving, frequently inspired by frameworks like the GDPR, a pervasive gap exists in
institutional capacity and consistent enforcement (le Roux-Kemp, 2010). This regulatory ambiguity,
particularly the absence of clear pathways for approving Al as a medical device, generates a climate of
uncertainty that can deter both foreign investment and the legitimate, large-scale deployment of
clinically validated technologies. This regulatory ambiguity, however, presents a strategic opportunity
for 'regulatory leapfrogging.' Unencumbered by legacy systems, countries like Rwanda and Ghana have
pioneered agile approval pathways for innovative services like Zipline's drone delivery. The African
Union's 'Digital Transformation Strategy' provides a visionary framework for this. Yet, the leapfrogging
thesis faces significant hurdles: a lack of specialized regulatory personnel, persistent digital
infrastructure gaps, and the political challenge of harmonizing disparate national interests. The success
of this approach hinges not on simply adopting foreign best practices, but on adapting them into context-
specific, risk-proportionate frameworks that can be consistently enforced across the continent.
Foundational continental initiatives, such as the African Union's "Digital Transformation Strategy for
Africa (2020-2030)" and its nascent "Continental Al Strategy," represent critical steps in this direction,
articulating a collective vision for harmonized digital health policies, robust data governance, and the
systematic building of regulatory capacity. Practical efforts to realize this vision are underway through
mechanisms like the Africa Medical Devices Forum (AMDF), which aims to harmonize the assessment
and approval of medical devices—a category that increasingly encompasses Al-based software. This
proactive, polycentric approach seeks to circumvent the pitfalls of earlier regulatory models, aiming to
create an ecosystem that is simultaneously conducive to innovation, firmly anchored in public health
priorities, and capable of fostering cross-border collaboration in a rapidly evolving technological

landscape (Mensah et al., 2024).

The potential impact of artificial intelligence on African healthcare systems is undeniably
transformative, offering a pragmatic pathway to technological leapfrogging that could circumvent
traditional infrastructural and human resource constraints. Al-powered mobile health (mHealth)
platforms and tele-diagnostic systems offer viable solutions to the critical shortage of healthcare
professionals, enabling the extension of quality care to previously underserved populations through
digital means. Pioneering projects, such as Zipline's Al-optimized drone logistics for delivering blood

products and essential medicines in Rwanda and Ghana, or the deployment of machine learning
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algorithms for the rapid interpretation of chest X-rays to combat tuberculosis in South Africa, serve as
compelling proof of concept for this paradigm. However, the realization of this promise is critically
contingent upon mitigating the primary attendant risk: the profound exacerbation of the existing digital
divide. Without deliberate, equity-focused policy interventions, there is a significant danger that the
benefits of Al-healthcare will become the exclusive purview of urban, affluent elites, thereby
inadvertently deepening existing health inequities and leaving rural and impoverished communities
further marginalized (Mahomed, 2018). Consequently, the ultimate success of the Al revolution in
African healthcare hinges not merely on technological adoption, but on the parallel and foundational
development of three critical pillars: first, the widespread construction of robust digital infrastructure to
ensure connectivity; second, a dedicated focus on developing and validating algorithms on diverse
Affrican genomic and clinical datasets to ensure fairness and mitigate embedded biases that could harm
local populations; and third, the cultivation of innovative, sustainable business models that are explicitly
designed to prioritize broad accessibility and public health impact over the narrow pursuit of profit

maximization (Ngwena, 2000).

5. COMPARATIVE ANALYSIS: DIVERGENT PATHS, CONVERGING CHALLENGES

A comparative analysis of the Chinese and African models for governing Al in healthcare reveals
a stark dichotomy in underlying philosophies, strategic objectives, and state capacities. The driving force
behind China's model is unequivocally state-directed and industrial, fueled by a geopolitical ambition
to achieve technological sovereignty and global leadership. In contrast, the African approach is—
aspirationally—polycentric and needs-based, prioritizing the resolution of foundational public health
challenges through consensus and coalition-building. This fundamental divergence is mirrored in their
intellectual property strategies: China deliberately wields its patent system as a strategic instrument to
cultivate domestic corporate champions and capture future global market share, whereas African nations
and regional bodies are primarily concerned with leveraging the IP framework as a mechanism for
managing technology transfer and, crucially, safeguarding equitable access to the medical innovations
that result. Ultimately, the regulatory approaches embody this core contrast: China has established a
comprehensive, top-down framework that effectively balances control with commercialization, while
Africa is pioneering a harmonized, bottom-up strategy that seeks to build regulatory capacity and
consensus among its diverse nations, aiming for agile and context-sensitive governance. Ultimately,
these models represent two distinct answers to the question of how to govern transformative technology:
one demonstrates the formidable efficiency of a centralized, state-capitalist system in driving rapid
technological adoption, while the other explores the more complex, yet potentially more resilient, path
of building a regulatory ecosystem that is inclusive, equitable, and tailored to locally defined human

needs.
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Despite the profound divergence in their developmental philosophies and governance structures,
the Chinese and African models for Al in healthcare confront a set of critical, converging challenges
that underscore the universal complexities of technological integration. A paramount concern for both
is mitigating algorithmic bias and promoting health equity. Each must ensure their Al models are trained
on demographically and clinically representative data; for China, this necessitates addressing the
significant regional and ethnic diversity within its Han-majority population to avoid suboptimal
outcomes for minority groups, while Africa must contend with ensuring diagnostic and predictive
accuracy across the continent's vast genetic and phenotypic diversity to prevent the entrenchment of
new, data-driven health disparities. Similarly, both grapple with the fundamental tension in data
governance between fostering open data access to fuel innovation and upholding robust privacy and
protection standards. Their resolutions, however, reflect their core philosophies: China prioritizes state
control and national security as a mechanism to resolve this tension, whereas Africa seeks a more
nuanced path that attempts to balance individual rights with the strategic creation of a pan-African data
space to catalyze continental research. Ultimately, both are active and strategic participants in the
emerging field of global standard-setting for Al. Their objectives, however, reveal their differing
positions in the global order: China is assertively aiming to export its techno-governance standards as a
component of its soft power and digital sovereignty agenda, while Africa, coalescing through the African
Union, is cultivating a unified voice to ensure that emerging global rules are equitable and do not
perpetuate existing patterns of technological dependency, thereby advocating for a multilateralism that
acknowledges its specific developmental needs and right to technological self-determination (Fadare &

Jemilohun, 2012).

Ultimately, the Chinese and African models present two distinct risk profiles. China's top-down
efficiency carries the inherent risk of creating a biopolitical surveillance state, where health innovation
serves as a handmaiden to social control and individual rights are secondary to national ambition.
Africa's polycentric, consensus-driven model, while aspiring to equity and inclusivity, risks policy
paralysis, regulatory capture by foreign interests, and a failure to build the critical mass needed to foster
a self-sustaining local innovation ecosystem. The converging challenge for both, therefore, is not only
technical but profoundly political: to build governance structures that can harness Al's benefits while

constructing robust safeguards against their respective, and severe, systemic risks (Chirwa, 2016).

6. CONCLUSION AND FUTURE TRAJECTORIES

In conclusion, the intricate interplay of patent law and artificial intelligence regulation transcends
mere technical jurisprudence, emerging as a fundamental determinant of future global health
sovereignty. The Chinese paradigm demonstrates the formidable efficacy of a cohesive, state-directed
strategy that synergistically leverages intellectual property and regulatory frameworks to accelerate

technological advancement, albeit within a structure that subordinates individual privacy to state control
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and industrial policy. Conversely, Africa's trajectory is inherently more complex, necessitating a delicate
and continuous balancing of innovation incentives, equitable access, and ethical governance across a
mosaic of sovereign nations. Looking forward, China's trajectory will involve navigating the
international repercussions of its data sovereignty and Al governance models while striving to maintain
its momentum at the frontiers of Al-driven medicine. For Africa, the imperative lies in accelerating the
finalization, harmonization, and implementation of its Continental Al Strategy, concurrently building
robust regulatory capacity and investing critically in the digital infrastructure and human capital required
to transition from a consumer to a co-creator and owner of context-specific Al solutions. Ultimately, the
"regulatory labyrinth" is not a static maze to be solved but a dynamic architecture perpetually under
construction. The 'regulatory labyrinth' is not a static maze but a dynamic architecture whose blueprint
is being drawn now. The choices made in Beijing, Addis Ababa, and national capitals will define the
next century of global health. The central question is whether this Al-driven future will be characterized
by hegemonic techno-governance or by a distributed, equitable sovereignty. The answer depends on
whether global frameworks can emerge that acknowledge both the power of state-directed strategy and

the imperative of polycentric, human needs-based innovation.

REFERENCES

Alsamara, T., & Farouk, G. (2024). Legal mechanisms for digital healthcare transformation in Africa:
State and perspective. Cogent Social Sciences, 10(1), 2410363.
Doi:10.1080/23311886.2024.2410363

Bostyn, S. J. (2003). The prodigal son: The relationship between patent law and health care. Medical
Law Review, 11, 67.

Chen, C., & Liu, M. (2023). Achievements and challenges of the healthcare system in China. Cureus,

15(5). Retrieved from https://www.cureus.com/articles/155956-achievements-and-challenges-of-

the-healthcare-system-in-china.pdf

Chirwa, D. M. (2016). Access to medicines and health care in sub-Saharan Africa: A historical

perspective. Maryland Journal of International Law, 31, 21.

Dolan, C. B., Malik, A. A., Zhang, S., Mao, W., McDade, K. K., Svoboda, E., & Odhiambo, J. N. (2023).
Chinese health funding in Africa: The untold story. PLoS Global Public Health, 3(6), €0001637.

Durojaye, E. (2013). The approaches of the African Commission to the right to health under the African
Charter. Law, Democracy & Development, 17(si-1), 393—418.

Dutfield, G. (2017). Healthcare innovation and patent law’s “pharmaceutical privilege”: Is there a
pharmaceutical privilege? And if so, should we remove it? Health Economics, Policy and Law,

12(4), 453-470.

79


https://www.cureus.com/articles/155956-achievements-and-challenges-of-the-healthcare-system-in-china.pdf
https://www.cureus.com/articles/155956-achievements-and-challenges-of-the-healthcare-system-in-china.pdf

ICOAEF-XV International Conference on Applied Economics and Finance
May 11"-12", 2026 / Bishkek- KYRGYZ REPUBLIC

Fadare, J. O., & Jemilohun, A. C. (2012). Discharge against medical advice: Ethico-legal implications
from an African perspective. South African Journal of Bioethics and Law, 5(2), 98—101.

Gold, R. (2003). From theory to practice: Health care and the patent system. Health Law Journal, 21—
39.

Katterbauer, K., & Cleenewerck, L. (2024). Artificial intelligence and its impact on healthcare financing
in China: A legal analysis. Financial Law Review, 33(1), 62—81.

le Roux-Kemp, A. (2010). A legal perspective on African traditional medicine in South Africa.
Comparative and International Law Journal of Southern Africa, 43(3), 273-291.

Lin, S., Gao, L., Reyes, M., Cheng, F., Kaufman, J., & El-Sadr, W. M. (2016). China’s health assistance
to Africa: Opportunism or altruism? Globalization and Health, 12(1), 83. doi:10.1186/s12992-
016-0217-1

Mahomed, S. (2018). Healthcare, artificial intelligence and the Fourth Industrial Revolution: Ethical,
social and legal considerations. South African Journal of Bioethics and Law, 11(2), 93.

doi:10.7196/SAJBL.2018.v11i2.664

McMabhon, A., & Richardson, E. (2022). Patents, healthcare and engaged shareholders: A pathway to
encourage socially responsible patent use? Legal Studies, 42(2), 271-295.

Mensah, G. B., Nyante, F., Addy, A., & Frimpong, P. O. (2024). The legal, ethical, and regulatory
implications of integrating artificial intelligence in healthcare delivery, medical negligence, and

public health administration in Ghana: A multi-disciplinary perspective. Africa Journal for

Regulatory Affairs, 113. Retrieved from https://www.researchgate.net/profile/George-Benneh-

Mensah/publication/379758700 The Legal Ethical and Regulatory Implications of Integrati

ng_Artificial Intelligence in_Healthcare Delivery Medical Negligence and Public Health
Administration_in_Ghana A _Multidisciplinary Perspective/links/6619089639¢7641c0Obae3abb

/The-Legal-Ethical-and-Regulatory-Implications-of-Integrating-Artificial-Intelligence-in-

Healthcare-Delivery-Medical-Negligence-and-Public-Health-Administration-in-Ghana-A-

Multidisciplinary-Perspec.pdf

Naidoo, S., Bottomley, D., Naidoo, M., Donnelly, D., & Thaldar, D. W. (2022). Artificial intelligence
in healthcare: Proposals for policy development in South Africa. South African Journal of

Bioethics and Law, 11-16. doi:10.7196/SAJBL.2022.v1511.797

Ngwena, C. (2000). The recognition of access to health care as a human right in South Africa: Is it

enough? Health and Human Rights, 5, 26.

Pan, X. (2015). Realising the right to health: A comparative study of South Africa, the United States
and China. Hong Kong Law Journal, 45, 517.

80


https://www.researchgate.net/profile/George-Benneh-Mensah/publication/379758700_The_Legal_Ethical_and_Regulatory_Implications_of_Integrating_Artificial_Intelligence_in_Healthcare_Delivery_Medical_Negligence_and_Public_Health_Administration_in_Ghana_A_Multidisciplinary_Perspective/links/6619089639e7641c0bae3abb/The-Legal-Ethical-and-Regulatory-Implications-of-Integrating-Artificial-Intelligence-in-Healthcare-Delivery-Medical-Negligence-and-Public-Health-Administration-in-Ghana-A-Multidisciplinary-Perspec.pdf
https://www.researchgate.net/profile/George-Benneh-Mensah/publication/379758700_The_Legal_Ethical_and_Regulatory_Implications_of_Integrating_Artificial_Intelligence_in_Healthcare_Delivery_Medical_Negligence_and_Public_Health_Administration_in_Ghana_A_Multidisciplinary_Perspective/links/6619089639e7641c0bae3abb/The-Legal-Ethical-and-Regulatory-Implications-of-Integrating-Artificial-Intelligence-in-Healthcare-Delivery-Medical-Negligence-and-Public-Health-Administration-in-Ghana-A-Multidisciplinary-Perspec.pdf
https://www.researchgate.net/profile/George-Benneh-Mensah/publication/379758700_The_Legal_Ethical_and_Regulatory_Implications_of_Integrating_Artificial_Intelligence_in_Healthcare_Delivery_Medical_Negligence_and_Public_Health_Administration_in_Ghana_A_Multidisciplinary_Perspective/links/6619089639e7641c0bae3abb/The-Legal-Ethical-and-Regulatory-Implications-of-Integrating-Artificial-Intelligence-in-Healthcare-Delivery-Medical-Negligence-and-Public-Health-Administration-in-Ghana-A-Multidisciplinary-Perspec.pdf
https://www.researchgate.net/profile/George-Benneh-Mensah/publication/379758700_The_Legal_Ethical_and_Regulatory_Implications_of_Integrating_Artificial_Intelligence_in_Healthcare_Delivery_Medical_Negligence_and_Public_Health_Administration_in_Ghana_A_Multidisciplinary_Perspective/links/6619089639e7641c0bae3abb/The-Legal-Ethical-and-Regulatory-Implications-of-Integrating-Artificial-Intelligence-in-Healthcare-Delivery-Medical-Negligence-and-Public-Health-Administration-in-Ghana-A-Multidisciplinary-Perspec.pdf
https://www.researchgate.net/profile/George-Benneh-Mensah/publication/379758700_The_Legal_Ethical_and_Regulatory_Implications_of_Integrating_Artificial_Intelligence_in_Healthcare_Delivery_Medical_Negligence_and_Public_Health_Administration_in_Ghana_A_Multidisciplinary_Perspective/links/6619089639e7641c0bae3abb/The-Legal-Ethical-and-Regulatory-Implications-of-Integrating-Artificial-Intelligence-in-Healthcare-Delivery-Medical-Negligence-and-Public-Health-Administration-in-Ghana-A-Multidisciplinary-Perspec.pdf
https://www.researchgate.net/profile/George-Benneh-Mensah/publication/379758700_The_Legal_Ethical_and_Regulatory_Implications_of_Integrating_Artificial_Intelligence_in_Healthcare_Delivery_Medical_Negligence_and_Public_Health_Administration_in_Ghana_A_Multidisciplinary_Perspective/links/6619089639e7641c0bae3abb/The-Legal-Ethical-and-Regulatory-Implications-of-Integrating-Artificial-Intelligence-in-Healthcare-Delivery-Medical-Negligence-and-Public-Health-Administration-in-Ghana-A-Multidisciplinary-Perspec.pdf
https://www.researchgate.net/profile/George-Benneh-Mensah/publication/379758700_The_Legal_Ethical_and_Regulatory_Implications_of_Integrating_Artificial_Intelligence_in_Healthcare_Delivery_Medical_Negligence_and_Public_Health_Administration_in_Ghana_A_Multidisciplinary_Perspective/links/6619089639e7641c0bae3abb/The-Legal-Ethical-and-Regulatory-Implications-of-Integrating-Artificial-Intelligence-in-Healthcare-Delivery-Medical-Negligence-and-Public-Health-Administration-in-Ghana-A-Multidisciplinary-Perspec.pdf

ICOAEF-XV International Conference on Applied Economics and Finance
May 11"-12", 2026 / Bishkek- KYRGYZ REPUBLIC

Pesapane, F., Bracchi, D. A., Mulligan, J. F., Linnikov, A., Maslennikov, O., Lanzavecchia, M. B.,
Tantrige, P., Stasolla, A., Biondetti, P., & Giuggioli, P. F. (2021). Legal and regulatory framework
for Al solutions in healthcare in EU, US, China, and Russia: New scenarios after a pandemic.

Radiation, 1(4), 261-276.

Russo, P. (2015). China’s healthcare reform: How patent laws and generic drugs can benefit China’s

public health. Journal of International Business and Law, 15, 117.

Singh, B. (2023). Intellectual property rights, innovation and healthcare: Harmonizing the legal
provisions for healthcare and pharmaceutical industry. JIPRO: Journal of Intellectual Property,
58-67.

Tambo, E., Ugwu, C. E., Guan, Y., Wei, D., & Xiao-Nong, Z. (2016). China-Africa health development
initiatives: Benefits and implications for shaping innovative and evidence-informed national
health policies and programs in sub-Saharan African countries. International Journal of MCH

and AIDS, 5(2), 119.

Teremetskyi, V., Tokarieva, K., Romas, M., Bondarenko-Zelinska, N., Panchenko, S., Maikut, K., &
Batryn, O. (2024). Mediation in patent disputes arising in the healthcare sector. Retrieved from
https://repository.ndippp.gov.ua/handle/765432198/859

Townsend, B. A., Sihlahla, 1., Naidoo, M., Naidoo, S., Donnelly, D.-L., & Thaldar, D. W. (2023).
Mapping the regulatory landscape of Al in healthcare in Africa. Frontiers in Pharmacology, 14,
1214422,

Ventose, E. D. (2011). Medical patent law: The challenges of medical treatment. Cheltenham, England:
Edward Elgar Publishing. Retrieved from
https://www.elgaronline.com/downloadpdf/monobook/9781849801713.pdf

Vladyslav, T., Kseniia, T., Mariia, R., Nadiia, B.-Z., Sergii, P., Khrystyna, M., & Olesia, B. (2024).
Mediation in patent disputes arising in the healthcare sector. Revista de Gestdo Social e

Ambiental, 18(5), 1-20.

Wu, R. T. (2010). Awaking the sleeping dragon: The evolving Chinese patent law and its implications

for pharmaceutical patents. Fordham International Law Journal, 34, 549.

Xie, Z. (2024). Embracing AIGC with open arms: Advancing equitable healthcare for all in China.
Journal of Public Health, 46(4), €766—767.

Ye, T., Xue, J., He, M., Gu, J., Lin, H., Xu, B., & Cheng, Y. (2019). Psychosocial factors affecting
artificial intelligence adoption in health care in China: Cross-sectional study. Journal of Medical

Internet Research, 21(10), e14316.

81


https://repository.ndippp.gov.ua/handle/765432198/859
https://www.elgaronline.com/downloadpdf/monobook/9781849801713.pdf

ICOAEF-XV International Conference on Applied Economics and Finance
May 11"-12", 2026 / Bishkek- KYRGYZ REPUBLIC

Yueh, L. (2009). Patent laws and innovation in China. International Review of Law and Economics,

29(4), 304-313.

&
N

82



ICOAEF-XV International Conference on Applied Economics and Finance
May 11"-12", 2026 / Bishkek- KYRGYZ REPUBLIC

PETROL FIYATLARI VE BiST100 iLiSKiSi: PANDEMI VE SONRASI DONEM ICiN
ASIMETRIK BiR INCELEME

Ali AKGUL®

OZET

Petrol fiyatlari, iiretim, tedarik zinciri ve tiiketim kanallar iizerinden ekonomik yapinn tamamin:
etkileyen stratejik bir digsal ok niteligindedir. Makroekonomik ve finansal istikrarm . temel
belirleyicilerinden biri olan petrol fiyatlarindaki degisimler, bu yoniiyle kritik bir inceleme alamni
sunmaktadir. Petrol fiyatlarindaki artiglar bir yandan tiretim maliyetlerini\ve enflasyonu tetikléyerek
toplam c¢iktiyi azaltirken, diger yandan faiz oranlarimin yiikselniesine, neden olmakta“ve girket
degerlemelerini diisiirerek borsa iizerinde bir baski yaratmaktadir. Dolayisiyla, bu galismanin amaci,
petrol fiyatlarvin Tiirkiye hisse senedi piyasasi iizerindeki nedensel etkilerini ampirik olarak
incelemektir. Calismada degisken olarak WTI petrol fiyati'ile BISTI00 endekst kullanilmis olup, analiz
donemi ise kiiresel dlgekte ekonomik calkantilarin yagandigu/COVID-19" pandemisi ve sonrasini
kapsayacak sekilde 2019M1-2025M9 olarak belirlenmistir. Metodolojik olarak, Hacker ve Hatemi-J
(2006) tarafindan gelistirilen simetrik nedensellik analizinin yaw swra, ¢alkantili dénemlerdeki sakl
nedensellikleri tespit etmek amaciyla Hatemi-J (2012) asimetrik nedensellik analizi ve Hatemi-J (2014)
calismasina dayanan asimetrik @tki-tepki fonksiyonlari“uygulanmigtir. Hatemi-J (2012) analizi
bulgulari, petrol fiyatlarindan BISTLOO endeksine degru herhangi bir nedensellik iliskisi olmadigim
gostermektedir. Buna kargim asimetrik nedensellik analizi sonuglari, petrol fiyatimin pozitif ve negatif
bilesenlerinden, swrasiyla BIST100 endeksinin pozitif ve negatif bilesenlerine dogru anlamli bir
nedenselligin varligini ortaya keymaktadir. Ayrica asimetrik etki-tepki fonksiyonu tespitleri, petrol
fivatlarindaki diisiislerin BIST100 deki diisiis egilimini hafifletme potansiyeline sahip oldugunu
gostermektedir. Calismanin, bulgulari, ozellikle kiiresel petrol arzimin kesintiye ugradigi donemlerde
politik@iyapicilarin alacag: tedbirlere ve yatirnmcilarin risk yonetimi stratejilerine yénelik bir yol

gosterici niteligi gostermektedir.
Anahtar Kelimeler? Petrol fiyatlart, BIST100, Asimetrik nedensellik, Asimetrik Etki-T epki.
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Oil prices constitute a strategic external shock that affects the entire economic structure through
production, the supply chain, and consumption channels. As one of the key determinants of
macroeconomic and financial stability, fluctuations in o0il prices present a critical area of analysis.
While increases in o0il prices reduce total output by triggering production costs and inflation, they also
cause interest rates to rise and generate pressure on the stock market by lowering corporate valuations.
Therefore, this study aims to empirically examine the causal effects of oil prices on the Turkish stock
market. In this study we use the BIST100 index and WTI oil price as variables, with the analysis period
defined as 2019Q1-202503 to encompass the COVID-19 pandemic and its aftermathya periodmarked
by global economic turmoil. Methodologically, in addition to the symmetric causality analysis
developed by Hacker and Hatemi-J (2006), Hatemi-J’s (2012) asymmetfic causality analysis and
asymmetric impulse-response functions based on Hatemi-J’s (2014) work werexapplied to identify latent
causal relationships during turbulent periods. The findings of the symmetric causality analysis indicate
that there is no causal relationship from oil prices to the BIST100 index. In contrast, the results of the
asymmetric causality analysis reveal the existence of significant causality from'thegositive and negative
components of oil prices to the positive and negative_.components/ofithe BISTI00 index, respectively.
Furthermore, the findings from the asymmetric impulSe-respounse function analysis suggest that declines
in oil prices have the potential to mitigate downward trends in the\BISTI00. The study’s findings provide
as a guide for the measures to be takenfby pelicymakersiand the risk management strategies to be

adopted by investors, particularly during periodswhen global oil supplies are disrupted.
Keywords: Oil Prices, BIST100, AsymmetriexCausality, Asymmetric Impulse-Response.

JEL Codes: C32, G14, O43.

1. GIRiS

Petrol, dnemli birdiretim faktorii olmasinin yam sira finansal piyasalarda da likiditesi yiiksek
stratejik bir ‘emtiay olarakhkarsimiza ¢ikmaktadir. Bu nedenle, petrol fiyatlarindaki dalgalanmalar
enflasyon,ve buyiime'gibiybircok makroekonomik faktoriin yani sira hisse senedi piyasalari {izerinde de
belirleyici bir role'sahiptir (Bjornland, 2009; Jimenez-Rodriguez ve Sanchez, 2005). Nitekim yasanan
coky sayida ekomomik ve jeopolitik olay da petrol fiyatlar1 ve hisse senedi piyasast iliskisini
sekillendirmigtir. 1970’lerde yasanan petrol krizleri ve 1979 Iran Devrimi sirasinda yasanan petrol fiyat
artislar1 hisse senedi fiyatlarinda diisiise neden olmustur (Bashirov, 2023). 1980’lerde yasanan petrol
fiyatlatindaki diisiis ise iiretimde girdi maliyetlerini azaltarak ekonomik biiylimeye ve hisse senedi
piyasasi lizerinde olumlu bir etki yaratmustir (Patidar vd., 2024). 2000°1i yillarda yasanan petrol talep
artisiyla enerji hisselerinin degeri artmigtir (Das vd., 2023). 2008 Kiiresel finans kriz ve 2020 yilinda
yasanan COVID-19 salginin yarattigi talep disiisii ile hem petrol fiyatlar1 hem de enerji hisse senedi
fiyatlar1 olumsuz etkilenmistir (Duppati vd., 2023). 2022 yilinda baslayan Rusya-Ukrayna Catigmasi
(RUC) da petrol fiyatlarinda ciddi bir artisa yol agmistir (Bagchi ve Paul, 2023). Petrol fiyatlarmin hisse
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senedi piyasalarina olan etkisini anlamak, yatirimcilar ve portfdy yoneticileri ig¢in varlik
fiyatlamalarinda bu iliskileri erken uyar1 sinyali olarak kabul ederek risk ydnetimi stratejilerinin

gelistirilmesi agsindan 6nem tagimaktadir.

Literatiirde petrol fiyatlarinin hisse senedi piyasasi lizerindeki etkisi bes aktarim mekanizmasi
iizerinden agiklanmaktadir: Bunlar; Sekil 1°de de gosterildigi gibi iiretim, belirsizlik, degerleme, mali

ve parasal aktarim mekenizmalaridir.

Sekil 1. Petro Fiyatlar1 ve Hisse Senedi Piyasas1 Arasindaki Aktarim Mekanizmas:

Uretim Maliyeti Etkisi s
J Tiketim

Para Politikas Kanal

A iskonto Oram

.' \_L Sirket Nakit Akislan

L———% 'T‘ Yagam Maliyeti

/[‘ Petrol Fiyati

Belirsizlik Etkisi

\J, Hisse Senedi Piyasasi

J vatnmiar

Kaynak: Tang vd., (2010).
Uretim kanals, petrol fiyat artiglarigin arz tarafinda gitdi maliyetleri araciligryla firma karliligini,

talep tarafinda ise iiriin satis fiyatlarina etkisiyle hanehalkisgelirini olumsuz etkiledigini agiklamaktadir
(Hamilton, 2003). Ikinci aktarrm|mekanizmas: olan degerleme kanalinda ise, petrol fiyatlarindaki
artislarin hisse senedi piyasasina etkisiiizerinden sitket degerlemelerine etkisine odaklanilmaktadir. Bu
etkinin petrol ihrag¢1 ekénomilerde pozitify,ithalatci ekonomilerde ise negatif olduguna dair bulgular
mevcuttur (Filis ve €hatziantoniou, 2014). Ugiincii aktarim mekanizmasi mali aktarim kanali da petrol
fiyatlarindaki artislamn petrol ihragieden iilkelerinde artisa ithal eden iilke gelirlerinde azalisa neden
olduguna ddiribulgular sunmaktadir (Farzanegan, 2011; Emami ve Adibpour, 2012). Bir diger aktarim
mekanizmas: ‘para Kamnalinda, ise, petrol fiyat artislarinin, beklenen enflasyonu artirararak merkez
bankalarimin faiziofanlariniyiikseltmesine neden oldugu ifade edilmektedir. Faiz oranlarindaki artigin
iskontoyoraning, artirdig1 ve hisse senedi fiyatlarini diisiirdiigli dolayisiyla gelecekteki nakit akislarini
olumsuz etkiledigiileri siiriilmektedir (Basher ve Sadorsky, 2006; Mohanty ve Nandha, 2011). Son
aktarim'mekanizmasi belirsizlik kanalina gore, petrol fiyat artislarmin belirsizlige neden olarak biiytime
beklentilerini diisiirmekte ve dolayisiyla hisse senedi fiyatlarini olumsuz etkilemektedir (Brown ve

Yiicel, 2002).

Ampirik yazinda petrol fiyatlarinin hisse senedi piyasalarina etkilerini inceleyen c¢aligmalarin
sonuglar biiyiik bir ¢esitlilik ve farklilik géstermektedir. Chen (2010) ve Filis (2010) petrol fiyatlari ve
hisse senedi piyasasi arasinda negatif iliski oldugunu desteklemektedirler. Benzer sekilde, Jones ve Kaul

(1996), Sadorsky (1999), Papapetrou (2001) ve Asteriou ve Bashmakova (2013) ¢alismalar1 da bu
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argiiman1 desteklemekte ve oOzellikle petrol ithalatgist iilkelerde petrol fiyatindaki soklarin iiretim
maliyetlerini etkileyerek hisse senedi getirilerini diisiirdliglinii savunmaktadirlar. Diger taraftan, Cong
vd. (2008) ve Al Janabi, Hatemi-J ve Irandoust (2010) iki piyasa arasinda istatistiksel olarak anlaml1 bir
iliskinin olmadigini ileri siirerken, Huang vd. (1996), Jammazi ve Aloui (2010) ve Apergis ve Miller
(2009), petrol soklarimin hisse senedi performansini tahmin etmede yeterli ya da gecerli bir bilgi
sunmadigin tespit etmislerdir. Pozitif iliskiye dair kanitlar sunan ¢alismalar ise genellikle bulgularim
iilkelerin petrol ihracatgisi olmasina ve sektorel farkliliklara dayandirmaktadir. Wang|vd. (2013),
Bjornland (2009) ve Lescaroux ve Mignon (2008), net petrol ihracat¢isi iilkelerde atrtan petrol
fiyatlarinin milli geliri artirmasi nedeniyle (gelir etkisi) hisse senedi piyasalarinin pozitif tepki verdigini
ortaya koymuslardir. Bununla birlikte, sektorel ve firma bazinda yapilan ¢aligmalardan Nandha ve Faff
(2008), Elyasiani vd. (2011) ve Scholtens ve Yurtsever (2012), petrol, dogalgaz ve madencilik gibi
petrole dayali iiretici sektdrlerin artan petrol fiyatlarindan kar margjlarint yiikselterek olumlu yonde

etkilendigini kanitlamiglardir.

Yukaridaki kapsamli literatiirden hareketle bu calismanmitemel amaciy 6zellikle COVID-19
pandemisi ve sonrasindaki ekonomik ve jeopolitikWelaylar kapsayan ‘2019M1-2025M9 donemi
verilerini kullanarak petrol fiyatlarindaki dalgalanmalarin, netpetrol ithalat¢ci konumundaki Tiirkiye nin
hisse senedi piyasasini temsil eden BIST100 endeksi tizerindekijolast asimetrik etkilerini ampirik bir
cer¢evede analiz etmektir. Caligmada, Hacker've Hatemi-J(2006) simetrik nedensellik testi (bundan
sonra HHJ (2006)), Hatemi-J (2012)asimetrikmiedensellik testi (bundan sonra HJ (2012)) ve Hatemi-J
(2014) asimetrik etki-tepki fonksiyonlar1 (bundan sonra HJ (2014)) araciligryla, negatif ve pozitif petrol
fiyat1 soklar1 ile borsa arasmidaki saklthedensel yonleri ayristirmay1 ve literatiirdeki dogrusal olmayan

iligki tartismalarina giincel bix katki sunmayiamaclamaktadir.

Calisma sd sekilde devam, etmektedir: ikinci béliimde, ulusal ve uluslararasi yazindaki
arastirmalaria_sundu@infeorik ve amipirik bulgulari incelenmektedir. Ugiincii boliimde, calismada
kullanilan verisetipuygulanan HHJ (2006), HJ (2012) ve HJ (2014) metodolojileri, dordiincii boliimde
uygulanan yontemlerdenthareketle tespit edilen sonuglar agiklanmaktadir. Caligmanin son boliimiinde

ise, sonuc ve tartismalar ifade edilmistir.

2. LIBERATUR

Petroliin kiiresel ekonomi iizerindeki makro diizeydeki belirleyici rolii, fiyat hareketlerinin
finangdl piyasalar iizerindeki yansimalarinin derinlemesine incelenmesini zorunlu kilmustir. [lgili
literatiir incelendiginde; s6z konusu etkilesimin dogrusal ve dogrusal olmayan yaklasimlar, cografi
farkliliklar, petrol fiyat soklari, volatilite aktarim mekanizmalar1 ve kiiresel kriz donemleri gibi oldukca
genis bir perspektifte ele alindig1 goriilmektedir. Bu baglamda, petrol fiyatlarindaki degisimlerin hisse
senedi piyasalarina etkisi, iilkelerin yapisal ekonomik dinamiklerine bagli olarak heterojen bir goriiniim

sergilemektedir.
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Genel kabul goren teorik yaklasima gore, petrol fiyatlarindaki artislar petrol ihracatgisi iilkelerin
finansal piyasalarinda pozitif bir sok yaratirken (Filis vd., 2011; Mohanty vd., 2011; Wang vd., 2013),
petrol ithalatcisi {ilkelerin aleyhine bir konjonktiir olusturmaktadir. Buna karsin Guesmi ve Fattoum
(2014), petrol fiyat soklarinin hisse senedi piyasalari lizerindeki etkisinin ithalat¢1 ve ihracater tilkeler
arasinda radikal bir farklilik goéstermedigini savunarak bu genel kabule alternatif bir perspektif
sunmaktadir. Ote yandan, bu etkilesimin cografi bolgelere gore varyasyonlar icerdigini ileri siiren
caligmalar da mevcuttur (Alamgir ve Amin, 2021; Mensi vd., 2023; Dai ve Tang, 2024). Nitekim
Demirer vd. (2020) s6z konusu etkinin iilkelerin gelismislik diizeylerine gore fasklilastigini ortaya
koyarken, Arouri vd. (2012) petrol fiyat dalgalanmalarinin Avrupa hisse senedi piyasalart arasinda
kayda deger bir volatilite yayilimina yol ag¢tigin1 vurgulamistir. Benzer bir yaklasunla Bagehi ve Paul
(2023), G7 tlkelerini inceledikleri ¢alismada, brent ham petrol fiyatinin SX;NASDAQ ve USD harig
olmak iizere, test edilen tiim hisse senedi getiri oranlar1 lizerinde uzun vadeliwve kalici etkiler biraktigin

tespit etmigtir.

Hisse senedi piyasalarmin petrol fiyat soklarina verdigi tepkiler, makrogkonomik toplam arz ve
talep dinamikleri ile uyumludur ve bu tepkilerin yomniifile, siddetiher iilkenin kendine 6zgii ekonomik
yapisina gore degiskenlik arz etmektedir (Nandha ve Eaff, 2008; Miller ve Ratti, 2009; Wang vd., 2013;
Sadorsky, 2014; Diaz vd., 2016; Ready, 2018; Ji vd., 2020; Sarwar vd., 2020; Hwang ve Kim, 2021;
Sadeghi ve Roudari, 2022; Wei vd., 2023). Finansal literatiir, kiifesel krizlerin enerji piyasalari {izerinde
kirilganliklart artiran major etkilefiyarattiginl velbu domemlerde risk yayilim mekanizmalariin
genisledigini dogrulamaktadir (Niw, vd., 2022; Faisal vd., 2024). Ornegin, COVID-19 pandemisi
stirecinde kiiresel enerji talebinde meydana gelen sert daralma, petrol fiyatlarinin tarihsel agidan en
diisiik seviyelere gerilemesine neden olmustur’ (Antriyandarti vd., 2024). Benzer sekilde 2022 yilinda
yasanan RUC da 6zellikle Avrupa kitasini derinden etkilemis; Avrupa'nin Rus enerji kaynaklarina olan
yapisal bagimliligi, enerjidarz giivenligi ekseninde ciddi endiseleri beraberinde getirerek piyasalardaki
tiirbiilans1 tetiklemistir (Umar vd., 2022). Calkantili donemlerde finansal piyasa belirsizlikleri ile hisse
senedigpiyasaslt performansi ‘arasindaki iliskileri anlamak ve risk ydnetimini iyilestirmek i¢in hayati

onem tagimaktadit.

Mevcut ampirik caligmalarin 6nemli bir kism1 dogrusal metodolojilere dayanmaktadir. Bu durum,
s0z konusu etkilesimin dogrusal olmayan, asimetrik ve zamana gore degisken dogasinmin tam anlamiyla
yansitilmasini engellemektedir. Buna ek olarak, COVID-19 pandemisi ve RUC gibi yakin donemde
meydana gelen kiiresel ekonomik ve jeopolitik sarsintilarin ardindan, petrol fiyatlari ile hisse senedi
piyasalar1 arasinda evrilen yeni nesil dinamikler ve yapisal kirilmalar literatiirde halad yeterince

arastirilmamis akademik bir bosluk olarak varligini siirdiirmektedir.
3. VERI ve YONTEM

3.1. Veri

87



ICOAEF-XV International Conference on Applied Economics and Finance
May 11"-12", 2026 / Bishkek- KYRGYZ REPUBLIC

Bu ¢alismada, 2019M1:2025M9 dénemi arasindaki aylik veriler kullanilarak, BIST100 endeski
ve petrol fiyatlar1 arasindaki nedensellik iligkisi incelenmektedir. Calismada kullanilan degiskenlerine

ait bilgiler Tablo 1’de ifade edilmektedir.

Tablo 1. Degiskenlere Ait Bilgiler

Degisken Sembol Kaynak
West Texas Petrol Fiyatlari WTI Diinya Bankasi Pink Sheet
BiST100 Endeksi BIST Investing.com

Bu ¢alismada verilerin pozitif ve negatif bilesenlerinin heterojenligi ve nédensellik iligkisinin
farkliligabilecegi diisiincesinden hareketle, petrol fiyatlar1 ve BIST100 endeksimedensellik'iliskis1 HHJ
(2006) simetrik ve HJ (2012) asimetrik nedensellik analizleri ile incelemektedir. Ayrica, ¢calismada HJ
(2014) tarafindan gelistirilen etki-tepki fonskiyonlar1 da kullanilmaktadir.

3.2. Yontem

3.2.1. HHJ (2006) Analizi

Toda ve Yamamoto (1995) (bundan sonra\ TY (1995)) nedensellik yaklagiminin devami
niteliginde olan HHJ (2006) simetrik nedensellik analizi, farkli 8" biitiinlesme derecelerine sahip
serilerde nedensellik analizine imkan tanimakta ve kaldiragli bootstrap yontemi kullanmaktadir.
Analizde, kaldiragli bootstrap yonteminin kullanilimasiniminedeni olarak TY (1995) analizinin kiigiik
veri setlerinde asimptotik dagilima'sahip y*kullaniimasinin gérece daha kétii performans sergilediginin
tespit edilmesidir (Hacker védHatemi-J3,2006).:S6z konusu yaklasimda oncelikle VAR (p+dmax) modeli
(1) numarali denklemdgki gibi tahmin edilmektedir (Hacker ve Hatemi-J, 2006):

Ve=V+A; yeo1 t Ap Yp-1 Tt Ap+d Vi-(p+d) T €t (D

(1) numarali denklem incelendiginde y,; z adet bagimsiz degisken vektoriinii, A; parametreyi, v;

sabiti_ve &;; hataterimini, d; biitlinlesme derecesini, p; gecikme uzunlugunu temsil etmektedir.

HHJ | (2006), analizinde kullanilan bootstrap (yeniden oOrnekleme) yontemi; hem simirh
vatsayimlarin oldugu durumlarda oldukca giivenilir sonuglar elde edilmesine hem de daha biiyiik
orneklemlerleyyeniden Srnekleme yapilmasina imkan tanimaktadir (Simon ve Bruce, 1991). T x 1
boyutundaki kaldira¢ vektorleri (2) numarali denklemdeki gibi tanimlanmaktadir (Hacker ve Hatemi-J,

2006);

h; = diag(X; (X1X1)7*X}) ()

h, = diag(X(X'X)"1X") t=1,..,T
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Bu hipotezlerden hareketle analizde MWALD istatistik degeri, bootstrap yonteminin 800 kez
tekrar edilmesiyle elde edilmektedir. Bootstrap kritik degeri < MWALD istatistik degeri ise,

nedenselligin olmadig1 yoniindeki sifir hipotezi (Ho) reddedilmektedir.

3.2.2. HJ (2012) Analizi

HJ (2012) analizinde, simetrik nedensellik testlerinin aksine pozitif ve negatif soklarinin etkisinin
heterojen oldugu kabul edilmektedir. Simetrik nedensellik testlerinde soklarin etkilerinin homojen kabul
edilmesi ozellikle finansal piyasalarda ger¢eklesen asimetrik bilgi varliginin goz ardgedilmesine neden
olmaktadir. Nitekim finansal piyasa katilimcilarinin negatif bir soka pozitif bir soktan daha sertitepki
verdigi diger bir ifadeyle gercek hayatta asimetrik yapinin varligi bulunduguikabul edilmektedir.
Onciisii Akerlof (1970) olan asimetrik bilgi olgusu sonrasinda Spence (1973) velStiglitz' (1974)

caligsmalari tarafindan desteklenmistir.

Ik kez Granger ve Yoon (2002) calismasinda serilerin negatif ve pozitif bilesenlerinin heterojen
oldugu ileri siiriilmiis ve serilerin homojen kabul edilmesinin “gizli es biitiimlésme sorununa neden
olabilecegi savunulmustur. Gergeklestirdikleri caligmalarinda,verilerinegatif ve pozitif bilegenlerine
ayristirilarak uzun dénem es biitlinlesme analizi uygulanmistic (Granger ve Yoon, 2002). HJ (2012)
caligmasinda, bu c¢alismadan hareketle serileriny, nedemsellik etkilerinin  de farklilasip
farklilasmayacagma yanit aramak icin(serileri pozitif ve“mégatif soklarini ayristirarak asimetrik

nedensellik analizi ger¢eklestirmistif (Hatemi-J; 2012).

HJ (2012) yaklasiminda negatif ve pozitif bilegénlerin ayristirildigi yq, ve y,; sirasiyla denklem
(3) ve (4)’teki gibi gosterilmektedir (Hatemi-J, 2012):

t

Yit = Yit-1 T €165 V10 z E1i (3)
i=1
t
Y2t = Yot-1 R €2t =V¥a,0 T Z €2i 4)
i=1
t=12,..,T

(3)we (4) numaral denklemlerde yer alan y; o ve y, o sabitleri baslangi¢ degerlerini ve £ ve
£,; degiskenleri beyaz giiriiltii bozucu terimlerini temsil etmektedir. (5) ve (6) numarali denklemlerde

pozitif ve negatif soklarin ayristirilmasi yer almaktadir:

£f; = max(g;;,0), e4; = max(gy;, 0) (5)
€1 = max(gy;, 0), €5; = max(&y;, 0) (6)
&1i = & + £33, €21 = €5 + €5; (7)

V1t Ve Vi degiskenlerine ait soklar (8) ve (9) numarali denklemlerde yer almaktadir:
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it = Dzt &1 Vit = Yio1 i (10)
Yot = Diz185i Yzt = Xi=1 €2
(11)
Analiz, y{ = (v{,, y3) varsayim gergevesinde, denklem (10)’da yer alan (p) gecikmeye sahip

VAR modeli olusturularak uygulanmaktadir.

Ve =V+A Yt Ay, i (10)

(10) numarali denklemde, degisken vektorii y; ; sabit vektorii v; hata terimi vektorii 'y #e bilgi
kriterleri ile r mertebesinde gecikme uzunlugu A, ile temsil edilmektedir. Asimetrik analizi sontasinda
soklarin etki-tepki fonksiyonlarimi belirlemek amaciyla HJ (2014) asimetrik etki-tepki fonksiyonlar
kullanilmaktadir. Metodolojilerin detayl arka plani i¢in Akgiil (2022) calismas: incelenebilir.

4. AMPIiRiK BULGULAR

Caligmada, oncelikle serilerin duraganlagma diizeylerini-arastirmak amaciylas Augmented Dickey
Fuller (ADF), Phillips-Perron (PP) ve Ziwot-Andrews (ZA)birim koktestleri uygulanmistir. Birim kok

testlerine iligkin sonuglar Tablo 2’ de yer almaktadit.

Tablo 2. Birim Kok Testi Sonuclar:

Degiskenler ADF PP ZA

InWTI -1.561 -2.207 -3.583
(2020m12)

InBIST -1.480 -2.283 -3.445
(2022m8)
AlnWTI -4.336% ** -6.898*** -10.781%%*
(2020m5)
AlnBIST -4.181%** -7.401%** -8.235%**
(2023m1)

Not: “****” simgesi %1“anlamlilik diizeyini temsil etmektedir.

Uc bitim kok testinden elde edilen bulgular InWTI ve InBIST degiskenlerinin %1 anlam
diizeyinde birinci ‘dereceden, duragan I(1) olduklarini gdstermektedir. HHJ (2006) ve HJ (2012)

analizlerine ait bulgtlar Tablo 3’te sunulmaktadir.

Tablo 3. HHJ (2006) ve HJ (2012) Analizlerine ait Sonuclar

MWALD Bootstrap Kritik Degeri Biitiinlesme
Test Istatistigi Derecesi (p+d__ )
Sifir Hipotezi
%1 %5 %10
InWTI—InBIST 4.307 9.117 6.049 4.416 2+1
InWTI" - InBIST* 11.957%%* 11.336 6.635 5.174 2+1
InWTI™ - InBIST™ 10.337%* 11.539 6.673 4.876 2+1
InWTI* - InBIST~ 1.464 12.258 6.561 5.029 2+1
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InWTI~ - InBIST* 1.664 10.179 6.888 5.178 2+1

Not: “*¥” ye “***** simgeleri sirastyla %5 ve %1 anlamlilik diizeyini temsil etmektedir. Akaike bilgi kriteri dikkate alinarak modeldeki
gecikme uzunlugu 2 olarak uygulanmistir. Bootstrap sayis1 ise, 1000 olarak uygulanmustir.

Tablo 3’teki simetrik nedensellik sonucuna gore (InWTI—InBIST), petrol fiyatlarinin BIST100
endeksinin nedeni olmadig1 tespit edilmistir. Buna karsilik, asimetrik nedensellik testi sonuglarinda %5
ve %1 anlamlilik diizeyinde asimetrik nedensellik iliskileri gézlemlenmektedir. Buna goreg%1 anlam
diizeyinde petrol fiyatlar1 pozitif soklarinin (InWTI+) BIST100 endeksi pozitif soklarmn (InBIST*)
ve %5 anlam diizeyinde petrol fiyatlar1 negatif soklarinin (InWTI~) BIST100 endeksinégatif soklarinim
(InBIST™) nedeni oldugu goriilmektedir. Simetrik ve asimetrik nedensellik testlerinde kargimiza ¢ikan
bu iki farkli sonu¢ degiskenler arasindaki soklarin homojen kabul edildiginde gizliyes biitiinlesmenin

ortaya c¢ikabilecegi ihtimalini gostermektedir.

Sekil 2’de asimetrik nedensellik testi sonuglarina iliskin HJ (2014)'etki-tepkizanalizlerine ait

bulgular aciklanmaktadir.

Sekil 2. Asimetrik Etki-Tepki Analizleri

.04
.02 L :
T -__P________—-_____
T i B D _.d_,’-"--"—‘
.01 a
-02
.00
-.04
1 2 3 4 5 b 7 8 9 10 1 2 3 4 5 6 ; . . .

Panel A: [nWTI@Sokundan [nBIST5 Sokuna Asimetrik Panel B: InWTIt Sokundan [nBIST* Sokuna Asimetrik
Etki-Tepki Analizi Etki-Tepki Analizi

Sekil 2%de yer,alan asimetrik etki tepki fonksiyonu sonuclarina gore, A panelinde petrol fiyatlari
negafif'soklar1 BIST100 endeksinde meyadan gelen gelen negatif soklar azaltmaktadir. B panelinde ise
petrobfiyatlar1 pozitif soklar1 BIST100 endeksinde meyadan gelen gelen pozitif soklari artirmaktadir.

5. SONUG

Bu calismada, petrol fiyatlar1 ile BIST100 endeksi arasindaki iliski 2019M1-2025M9 dénemi
kapsathinda simetrik ve asimetrik nedensellik yontemleriyle incelenmistir. Ozellikle Tiirkiye gibi
petrole bagimli bir ekonomide petrol fiyatlarindaki dalgalanmalar, finansal piyasalar agisindan kritik
sonuglar dogurabilmektedir. COVID-19 pandemisi ve RUC gibi kiiresel gelismeler ise enerji
piyasalarindaki oynaklig1 artirarak petrol fiyatlan ile hisse senedi piyasalarn arasindaki iliskinin daha
karmagik bir yap1 kazanmasina neden olmustur. Calismada kullanilan asimetrik nedensellik yaklagima,

pozitif ve negatif soklarin etkilerini ayr1 ayr1 inceleyerek dogrusal analizlerin ortaya koyamadig1 sakl
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iligkilerin tespit edilmesine imkan saglamaktadir. Ayrica asimetrik etki-tepki fonksiyonlar1 sayesinde
soklarm yoni ve etkisi daha ayrintili bicimde degerlendirilebilmektedir. Bu yodntemsel yaklasim,
ozellikle kriz ve belirsizlik donemlerinde finansal piyasalarin petrol fiyat hareketlerine verdigi farkli

tepkilerin daha kapsamli analiz edilmesine katki sunmaktadir.

Analiz sonuglari, simetrik nedensellik testine gore petrol fiyatlarindan BIST100 endeksine dogru
anlaml1 bir nedensellik iligkisi bulunmadigim ortaya koymustur. Ancak asimetrik nedensellik analizi,
petrol fiyat soklarinin yoniine bagli olarak BIST100 endeksi iizerinde farkli etkilet yarattigini
gostermistir. Elde edilen bulgulara gore, petrol fiyatlarindaki pozitif soklarin BIST100 endeksinin
pozitif bilesenlerinin; petrol fiyatlarindaki negatif soklarin ise BIST100 endeksinin negatif
bilesenlerinin nedeni oldugunu gostermektedir. Boylece, seriler arasinda dogrusal olmayan vie asimetrik
bir yap1 oldugu, simetrik analizlerin ise s6z konusu sakli iligkileri tamsolarak ortaya koymakta yetersiz
kaldig tespit edilmistir. Asimetrik etki-tepki fonksiyonlarina ait bulgular da petrol fiyatlarindaki negatif
soklarm BIST100 endeksindeki negatif soklar1 azaltict yonde etkide bulundugunu gostermektedir. Buna
karsilik petrol fiyatlarindaki pozitif soklarm, BIST100  endeksindeki pozitif hareketleri artirdigi
belirlenmistir. Bu durum, petrol fiyat hareketlerinin Jisse,senedi piyasasi {izérindeki etkisinin yalnizca

biiyiikliik agisindan degil, ayn1 zamanda yon bakimindan dafacklilastigini ortaya koymaktadir.

Caligmanin bulgulari, o6zellikle RUE, ve COVID:19 pandemisi gibi kiiresel ekonomik ve
jeopolitik kirilmalarin yagandigi donemlerde, petrol piyasasi ve finansal piyasalar arasindaki etkilesimin
karmasik ve kirilgan bir yapiya doaiistiigiinii dogrulamaktadir. Ayrica elde edilen sonuglar, petrol fiyat
soklarinin Tiirkiye gibi enerji ithalatgis: tilkelerde finansal piyasa dinamikleri agisindan 6nemli bir risk
unsuru oldugunu gdstermektedir. Bu kapsamda ¢alisma, politika yapicilar agisindan enerji fiyatlarindaki
dalgalanmalarm finansal piyasalar tizerindeki etkilerini dikkate alan makroekonomik politika
cergevelerinin  gelistirilmesinin Jénemine isaret etmektedir. Yatirimcilar agisindan ise petrol
fiyatlarindaki, yonsel“degisimlerin hisse senedi piyasasi {lizerindeki olast etkilerinin géz Oniinde
bulundurulmasi, pertfoy ¢esitlendirmesi ve risk yonetimi stratejileri bakimimdan kritik bir gereklilik

olugtirmaktadir:
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THE RELATIONSHIP BETWEEN HAPPINESS, WELL-BEING, AND URBAN LIFE
SATISFACTION: A CROSS-SECTIONAL PRELIMINARY STUDY IN TURKEY
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ABSTRACT

In the field of psychology, focusing solely on pathology leads to_the neglect of phenomena such
as optimism, hope, future orientation, creativity, and responsibility, resulting in'psychology becoming
a model devoid of positive attributes. On the other hand, positive psychology, examines emotions and
positive behaviors with the aim of promoting human' happiness. Thus,) \approaches aimed at
understanding happiness and discovering ways to achieye it eonstitute one of the fundamental topics of
positive psychology. This study aims to examine well-being.and urban life satisfaction as predictors of
happiness within this context. The study included 744 participants fiom 15 different urban of Turkey,
reached through web-based online application, between March 2025 and March 2026. Participants
completed the Oxford Happiness Scale short formpthe Warwick-Edinburgh Mental Well-being Scale,
and the Urban Life Satisfaction\ Scale“ 4, along with a short socio-demographic questionnaire.
According to the results, ne, statistieally significant difference was found in the average level of
happiness among parti€ipants living inlthe /5 different cities. However, statistically significant
differences were observed in<the average levels of well-being and urban life satisfaction among
participants living“in, different cities. While happiness and well-being shared 47.4% of the variance
between themsSelves, urban life satisfaction explained 4.8% of the variance in happiness and 3.9% of the
variance in well-being, The\age variable, along with urban life satisfaction, contributed to explaining
thefvariange in well-being.-Length of time spent in the urban had no effect. Similarly, when considered
together, withyurban life satisfaction, neither the age variable nor the length of time spent in the urban
had“an effect on “explaining the variance in happiness. Under these conditions, an increase of
approximately“1% was achieved in explaining the variance in both well-being and happiness. When the
results are evaluated as a whole, it is observed that urban life satisfaction is a significant component of

both well-being and happiness.
Keywords: Happiness, Well-Being, Satisfaction with Urban Life.
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1. INTRODUCTION

In the field of psychology, focusing solely on pathology leads to the neglect of phenomena such
as optimism, hope, future orientation, creativity, and responsibility, resulting in psychology becoming a
model devoid of positive attributes (Seligman ve Csikszentmihalyi, 2000). On the other hand, positive
psychology, examines emotions and positive behaviors with the aim of promoting human happiness
(Scorsolini-Comin ve ark. 2013). Thus, approaches aimed at understanding happiness,and discovering
ways to achieve it constitute one of the fundamental topics of positive psychology\(Pelechano,
Gonzalez-Leandro, Garcia ve Moran, 2012). This study aims to examine/wellsbeing and urban life

satisfaction as predictors of happiness within this context.
2. METHOD

2.1. Participants

The study included 744 participants, 467 women (62.80%)@and 277 men (37.20%), aged between
18 and 76 years (mean = 24.54; s = 9.08). It was found that 1'8of the participants were primary school
graduates (2.40%), 17 were middle school graduates (2.30%), 89 were high school graduates (12.00%),
and 619 were university graduates (83.20%) (1"person did not'specify their educational status (0.1%)).
Regarding income level, 62 participants{(8.30%) described it as low, 490 as medium (65.90%), and 192
as high (25.80%).

2.2. Materials

In the study, participants ‘Were given a socio-demographic questionnaire consisting of several
questions, along with thefOxford Happiness Scale short form, the Warwick-Edinburgh Mental Well-
being Scale, and'the A Urban Life Satisfaction Scale.

Oxford Happifiess Seale: The scale, which consists of seven items in its short form and two items
that are reyerse, is composed of five-point Likert-type response options ranging from Strongly Disagree
(1)to, Strongly Agtee (5). In the study where the scale was adapted into Turkish, the Cronbach alpha
internal eonsistency coefficient was stated as 0.74, and the test-retest reliability coefficient was 0.85

(Degan and Cotok, 2011).

Warwick-Edinburgh Mental Well-being Scale: This scale, which does not have any reversed
items and where high scores indicate high mental (psychological) well-being, consists of 14 items. The
items are administered with five-point Likert-type response options ranging from strongly disagree (1)
to strongly agree (5). In the study where the scale was adapted into Turkish, the Cronbach alpha internal
consistency reliability coefficient was stated as 0.92 (Keldal, 2015).
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A Urban Life Satisfaction Scale: The A Urban Life Satisfaction Scale, where a high score
indicates satisfaction with urban life, consists of 50 items with a five-point rating scale from Not
Satisfied (1) to Very Satisfied (5). There are no reverse-pointing items in the scale. In the study in which
the scale was developed, the Cronbach alpha internal consistency reliability coefficient was stated as

0.95 (Tatar et al., 2017).

2.3. Procedure

The study was implemented between March 2025 and March 2026 using a web-based form. The
form link was shared on social media, and 744 people living in 15 different urban in Tutkey, réached
through this method, voluntarily participated in the study. The form first explained the purpose of the

study and requested "consent form" followed by the questions and items.

2.4. Data Analysis

First, the Cronbach's Alpha internal consistency reliability, coefficients'\of the scales used in the
study were calculated, and then Pearson correlation analysis, was performed between the total scores.
Then, a comparison of the total scores of the three seales inithe 15 different urban was performed using
one-way analysis of variance (ANOVA). Inter group comparisons wer€ conducted using the Tukey test.

Finally, happiness and well-being level were predicted using linear regression analyses.

3. FINDINGS

First, the Cronbach's Alpha internal comsistency reliability coefficients of the scales used in the
study were calculated. A€cording to the'results, the Cronbach's Alpha coefficients of the scales were
determined as 0.71 fob The Oxford Happiness Questionnaire, 0.91 for the Warwick-Edinburgh Mental
Well-Being Scale,and 0.95 for the!A Urban Life Satisfaction Scale. Then, correlations were calculated
between thegotal scoresiof the scales, and coefficients of 0.69 (p <0.001) were determined between the
happiness scale andithe well-being scale, 0.22 (p < 0.001) between the happiness scale and the urban
lifesatisfaction seale, and0:20 (p < 0.001) between the well-being scale and the urban life satisfaction
scale'(Table-l).

Table I, Cronbach's Alpha Internal Consistency Reliability Coefficients and Correlation

Coefficients between Total Scores of the Scales

Scales n | nofItems 1 2 3
1. The Oxford Happiness Questionnaire 744 7 (0.71)
2. Warwick-Edinburgh Mental Well-Being Scale 744 14 0.69*** | (0.91)
3. A Urban Life Satisfaction Scale 744 50 0.22%** | 0.20*** | (0.95)

Notes: Cronbach's Alpha internal consistency reliability coefficients are given in the diagonal. ***p <0.001

Table 1 shows the 15 urban included in the study and the number of participants from each urban.

Participants were first compared in terms of satisfaction with urban life, well-being, and happiness levels
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according to their urban of residence. The comparison was made using one-way analysis of variance.

According to the results, there is a statistically significant difference in the average satisfaction levels of

participants from 15 different cities; F(14, 729) = 2.76; p < 0.001. According to this result, there is no

difference only between Antalya, Manisa, and Izmir. Apart from these, all other cities show differences

from each other. The lowest average value was observed for Antalya, and the highest average value for

Konya. When the cities are ranked from lowest to highest satisfaction level, they are as follows: Antalya,

Manisa, {zmir, Adana, Aydin, Mugla, Kocaeli, Balikesir, Bursa, Istanbul, Denizli, Ankara, Mersin,

Eskisehir, and Konya (Table 2, Table 3).

Table 2. Comparison of Urbans in Terms of Life Satisfaction, Well-Being, and'Happiness Leyvels

Urban Life Satisfaction Mental Well-Being Happiness
Urban | n Mean IS):: F7(2194)’ Sig. |Mean gte(i F7(2194)’ Sig. |Mean IS):: F7(2194)’ Sig.
Adana |32(57.46| 11.03 2.76 10.001|52.84| 8.71 1.87 ]0.026(24.59| 4.84 0.93 ]0.526
Ankara |48(62.90| 14.48 52.54| 8.60 23.15| 4.25
Antalya |24 |55.00| 11.23 49.58| 8.59 21.96| 4.24
Aydin | 55]58.45| 10.71 52.15| 9.35 23.73| 4.04
Balikesir| 60 |59.91| 13.00 47.35| 8.43 22.25| 445
Bursa 93160.49| 14.76 51.66| 9.57 23.35| 5.16
Denizli |43 |62.13| 9.64 48.28| 9.16 22.02| 4.65
Eskisehir| 23 |63.43| 10.76 50.04| 11.76 23.35| 3.82
Istanbul | 88 |61.51| 11.90 50.16| 9.53 23.15| 5.01
[zmir 77 156.38| 12.53 51.83| 11.39 22.81| 5.26
Kocaeli |21(59.70| 14.48 53.38| 8.35 22.81| 3.80
Konya |25]67.18| 14.99 49.60| 9.73 23.68| 4.54
Manisa |77 |55.20| 13.43 52.49| 12.14 23.86| 5.02
Mersin |29 (63.03| 14.90 50.83| 10.70 23.59| 5.03
Mugla |49 |58.64| 12.41 47.16| 11.43 23.18| 4.09
Total 744159.65| 13.06 50.72| 10.13 23.17| 4.71

Table 3. Ranking from Lowest to Highest Level of Satisfaction with Urban Life

Antalya / Manisa / {zmir

Adana

Aydm

Mugla

Kocaeli

Balikes

ir

Bursa

Istanbul

Cle [N [ [ [E[D[O[=

Denizli

10.

Ankara

11.

Mersin
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12. Eskisehir
13. Konya

There is a statistically significant difference between the average well-being levels of participants
from different urban; F(14, 729) = 1.87; p < 0.05. According to this result, the average well-being levels
of Balikesir and Mugla are lower than those of Adana, Ankara, Aydin, Bursa, [zmir, Kocaeli, and
Manisa. Also, the average well-being level of Denizli is lower than those of Ankara and Manisa.
According to another comparison, there is no statistically significant difference between the average

happiness levels of participants from 15 different urban; F(14, 729) = 0.93; p > 0.05(%able 2).

In the study, happiness score was then predicted using simple linear regression analysis withythe
satisfaction with urban life score, and 4.8% of the variance in happiness was explained,(Model 1). When
happiness score was predicted using simple linear regression analysisiwith ‘Wwell-being, score, it was
found that well-being explained 47.4% of the variance in happiness (Model 2). When happiness score
was predicted using multiple linear regression analysis with well-being score and satisfaction with urban
life score, 48.1% of the variance in happiness was explained (Model 3). When|age and length of urban
life variables, which did not have a statistically significant effect,#vere,added (Models 4 and 5), it was
observed that there was no significant change in theiamount'of variance explained in happiness, and it

remained at 48.2% (Table 4).

Table 4. Prediction of Happiness Using Simple and Multiple Linear Regression Analysis

Model B Std. ) Beta t  |Sig.| R R Adjusted R F |Sig.
Error Square Square

1 Constant 18.460 | .789 23.397(.000(.219| .048 .047 37.409 |.000
Urban Life 1581 | 258 219 | 6.116 |.000
Satisfaction

2 Constant 6.922< |, .640 10.807/.000(.689| .474 474 669.56 |.000
Mental Well-Being 320 012 | .689 (25.876[.000

3 Constant 5.470 | .782 6.992 (.000].694| .481 480 344.023(.000
Mental Well-Being 313 013 | .672 (24.889(.000
Urban Life .622 .195 | .086 |3.193(.001
Satisfaction

4 Constant 5.322 | .834 6.384 (.000(.694| .482 480 228.928(.000
Mental, Well-Being 312 013 | .671 (24.738].000
Urban Life .625 .195 | .086 |3.199 (.001
Satisfaction
Age .007 .014 | .013 | 488 |.625

5 Constant 5285 | .833 6.342 (.000[.695| .482 480 171.738{.000
Mental Well-Being 313 013 | .671 (24.681[.000
Urban Life .598 197 | .083 |3.040 (.002
Satisfaction
Age -.006 | .015 | -.011 | -.366 |.715
Time Spent In The .025 .014 | .053 | 1.785/.075
Urban (year)
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Similarly, well-being was predicted using simple linear regression analysis with satisfaction with
urban life score, and 3.9% of the variance in well-being was explained (Model 6). When age was
included in the model (Model 7), the explained variance increased to 4.5%, and when the length of time

spent in the urban was added (Model 8), the explained variance increased to 4.9%.

Table 5. Prediction of Well-Being Using Simple and Multiple Linear Regression Analysis

Model B Std. |Beta t Sig.| R R Adjusted R F Sig.
Error Square Square
6 Constant 41.568| 1.704 24.400(.000|.198| .039 .038 30.242 .000
Urban Life 3.068 | .558 |.198 5.499 |.000
Satisfaction
7 Constant 39.502| 1.949 20.273|.000|.213| .045 .043 17.546 |41000
Urban Life 3.056 | .558 |.197| 5.475 |.000
Satisfaction
Age .086 | .040 |.077| 2.133|.033
8 Constant 39.320| 1.943 20.237|.0004:222 | .049 .046 12.793| .000
Urban Life 3.207 | .559 |.207| 5.732 |.000
Satisfaction
Age 108 | .045 |.097 | 2/424 016
Time Spent In The -.050 | .040 |-.050|-1.238]|.216
Urban (year)
4. DISCUSSION

Although the study compares 15 different cities'in terms of satisfaction with life, well-being, and
happiness levels, and is indicated)with a)statistical significance level, the sample-population
representativeness appears weak due to theysmall number of participants taken from each urban for such
studies. In other wotds, a larger number of people taken from each urban is expected for such a
comparison. Because the participation of the participants in the study was based on voluntariness via
online mean§jithe possibility of bias is high. The selection of participants, i.e., their participation in the
study, was not, entitely random when done online. Technology use and age may have played an
important role in'thi§ seleetion. On the other hand, this study design allowed for the examination of the
effectiof satisfactionywith urban life on both well-being and happiness of individuals. Thus, although
this'study design 18’simple, the importance of satisfaction with urban life in terms of well-being and

happiness has'been observed.

5. CONCLUSION

Summarize the main findings, practical implications, limitations, and possible avenues for future

research. Keep the style concise and consistent with the journal’s publication standards.
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ENTROPIi TEMELLI SURDURULEBILIR EKONOMI:
EKONOMIK BUYUMEYE TERMODINAMIK BiR YAKLASIM
Sefer Faruk OZKURT"

OZET

Bu ¢alismanin amaci, ekonomik biiytimenin siirdiiriilebilirligini termodinamigin_ikinei,ydsasrve
entropi kavrami ¢ercevesinde yeniden degerlendirmektir. Ana akim biiyiime iktisadi, ekonomiyibiiyiik)
Olgiide para, piyasa ve dairesel gelir akimi iizerinden tamimlamakta; iiretimin dayandig enerji
doniisiimiinii, diisiik entropili dogal kaynak kullanimini ve yiiksek entropili atik iiretimini ¢cogu‘zaman
analizin disinda birakmaktadir. Bu nedenle ¢alisma, ekonomiyi kapalt ve'dongtisel bir parasal sistem
olarak degil; dogadan diisiik entropili enerji ve madde alan, tiretim ve tiiketim'SiirecleriSonunda bunlar
yiiksek entropili atik ve 1siya doniistiiren agik bir sistem oldrakyele almaktadiv. Calismada kavramsal-
analitik yontem kullamilnug, yeni bir ampirik model kurulmamis ve mevcut literatiiv kuramsal bir
cercevede yeniden yorumlanmigtir. Georgescu-Roegen (1971) ve Daly (1991) calismanmin teorik
omurgasii olusturmakta; Kiimmel ve Lindenbergen, (2014)\enerji-biiyiime iligkisine destekleyici
ampirik kamit saglamaktadir. Calismanminftemel sonucu, biiyiimenin kendiliginden sorunlu olmadigi;
ancak biyofiziksel simirlar, kaynak akisi ve entropi maliyeti dikkate alinmadan siirdiiriilebilir kabul

edilemeyecegidir.

Anahtar Kelimeler: EntropifyTermodinamigin Ikinet Yasasi, Siirdiiriilebilir Ekonomi, Ekolojik Iktisat,

Ekonomik Biiytime, Enefji Doniigtimii.

Jel Kodlari: Q01,057, 044, B41.

ENTROPY-BASED SUSTAINABLE ECONOMY:
A THERMODYNAMIC APPROACH TO ECONOMIC GROWTH

ABSTRACT

This study aims to reassess the sustainability of economic growth within the framework of the
second law of thermodynamics and the concept of entropy. Mainstream growth economics largely
defines the economy through money, markets and the circular flow of income, consequently, the energy
conversion on which production depends, the use of low-entropy natural resources and the generation
of high-entropy waste generally remain outside the core analysis. For this reason, the study treats the

economy not as a closed and circular monetary system but as an open system that receives low-entropy

* Ph.D. Student, Kocaeli University, Kocaeli/Tiirkiye, E-mail: seferfarukozkurt@gmail.com.
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energy and matter from nature and transforms them into high-entropy waste and heat through
production and consumption processes. The study adopts a conceptual-analytical method; it does not
construct a new empirical model, but reinterprets the existing literature within a coherent theoretical
framework. Georgescu-Roegen (1971) and Daly (1991) constitute the theoretical backbone of the paper,
while Kiimmel and Lindenberger (2014) provide supporting empirical evidence for the energy-growth
relationship. The main conclusion is that growth is not inherently problematic, nevertheless, it cannot
be considered sustainable unless biophysical limits, resource throughput and entropy costs are taken

into account.

Keywords: Entropy, Second Law of Thermodynamics, Sustainable Economy, Ecological Economics;

Economic Growth, Energy Conversion.

Jel Codes: Q01, O57, 044, B41.

1. INTRODUCTION

Sustainability is directly related to the tension between cconomic growth and environmental
limits. In mainstream growth economics, success is usunallyameasured by\growth rates, market expansion
and monetary indicators, while the economy is commonly represented.as a circular flow between firms
and households. This representation is useful,for explaining monetary exchange; however, it leaves out
the physical foundation on which economic activity rests. The'energy and matter obtained from nature,
the transformation required by production and the waste and heat generated at the end of the process

remain largely invisible in the standard picture.

From the perspective, of the second, law! of thermodynamics, the economic process cannot be
understood as a fully reversible and circular exchange. It is a one-directional process in which low-
entropy resources ate transformediinto high-entropy waste and heat. In this sense, the economy is not
an isolated miechanism'Operating independently from nature. It is an open subsystem that continuously
draws usable energyiand matter from the environment and releases degraded matter and dissipated heat

bagk intoiit,(Georgescu-Roegen, 1971; Daly, 1991; Avery, 2012).

This physical'dimension is not a minor theoretical detail. Empirical studies on the relationship
between energy and growth show that the productive weight of energy can be much greater than its
small shate in total cost suggests (Kiimmel and Lindenberger, 2014). This finding challenges approaches
thatiregard energy as economically secondary merely because it is relatively cheap in monetary terms.
If production is interpreted as the transformation of energy and matter, the importance of energy cannot

be reduced to its market price alone.

The central research question of this paper is therefore as follows: under what conditions can
economic growth be considered sustainable when it is evaluated in the light of the second law of

thermodynamics and the concept of entropy? This question has two dimensions. First, it asks whether
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mainstream growth economics and common sustainability discourse sufficiently account for the
irreversible transformation of low-entropy resources into high-entropy waste. Second, it asks what an
entropy-based framework adds to the evaluation of growth by reading it not only as an increase in output

but also as a process of resource and energy transformation.

The basic argument of the study is not that growth is inherently bad. The argument is more precise:
growth cannot be regarded as sustainable unless biophysical limits and entropy costs arefexplicitly
considered. Economic success should therefore be evaluated not only by the increase in production, but
also by resource use, energy quality, ecological carrying capacity and social welfaref In‘methodological
terms, this paper is conceptual and analytical. It does not develop a new empirical modelk Instead,,it
brings together the theoretical line of Georgescu-Roegen and Daly with contemporarysempirical findings

on energy and growth and with the broader literature on ecological ecenomics‘and sustainability.

The rest of the paper is organized as follows. The second section reviews the'relevant literature
and conceptual background. The third section explains thegeonceptual-analytical snethod used in the
study. The fourth section develops the theoretical framewark through the entropy-based interpretation
of the economic process. The fifth section discusses/energys, growth and\entropy cost. The sixth section

presents policy implications. The final section concludes the study.

2. LITERATURE REVIEW

The relationship between sugtainability and economie growth has occupied an important place in
economic thought since environmental Iimits became visible in the 1970s. Sustainability is a
multidimensional conceptthat includes‘environmental, economic and social components and functions
as a general vision “for “solving long-term development problems (Tutulmaz, 2012). This
multidimensional@ature implies‘that sustainability cannot be fully understood through the tools of a
single discipline. It also,stiggests thatieéconomic analysis should be reframed in a way that incorporates

the physical conditions of‘production and consumption.

Theyproblemdof nature and natural resources is not entirely new in economics. However, the
treatment of these issues as a challenge to the core assumptions of mainstream economics is relatively
recent. Environmental economics and natural resource economics largely developed within a
neoclassical framework, whereas ecological economics emerged as a more radical field that places the
economy inside the ecosystem rather than outside it (Ulucak, 2018). The central criticism is that
neoclassical growth models often treat ecological constraints as external or secondary, while attributing
a strong adaptive capacity to technological progress. Ecological economics, by contrast, regards nature

as an internal boundary of economic activity.

The thermodynamic interpretation of the economy is most strongly associated with Georgescu-
Roegen (1971). He criticized the neoclassical representation of the economy as a reversible mechanical

system and argued that the economic process is subject to the second law of thermodynamics. Economic
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activity transforms low-entropy resources into high-entropy waste and heat. Natural resources are
therefore not external additions to the economic model; they are internal and limiting conditions of value
creation. Daly (1991) extended this line of thought through the concept of steady-state economics. He
defined the economy as an open subsystem of a finite ecosystem and placed throughput, the one-

directional flow of matter and energy, at the center of the analysis.

This theoretical line also raises the question of how economic value and cost aredieasured.
Market prices and gross domestic product may capture the monetary volume of economiciactivity, yet
they do not directly reveal the entropy cost of production and consumption. Erogld and,Canan (2019)
emphasize that the price mechanism can make natural resources appear less valuable than they arefrom
an ecological point of view. Similarly, Jakimowicz (2020) argues that monetary redactionism obseures
irreversibility and complexity, while Repke (2020) stresses that theseircular, flow model hides the

economy’s dependence on high-quality energy and its generation of waste.

The need for a new economic framework is therefore not only \envisonmental but also
epistemological. Repke (2020) argues that a new economics should go beyond market exchange and
define the economy as a provisioning process grounded in‘thermodynamics, ecology, energy history and
social metabolism. Jakimowicz (2020) shows that the'second law of thermodynamics has contributed to
the historical development of entropy econemics and ecological economics. Avery (2012) summarizes
this idea in simple terms: the economy can be read as a system that takes usable energy and resources

from its environment, produces order within itSelt, andireturns waste and heat to the environment.

Empirical evidence on the energy-growthwitelationship supports this conceptual argument.
Kiimmel and Lindenberger,(2014) show that energy conversion can play a role in production that is
substantially larger than its costishare implies. This finding is important because it indicates that energy
is not merely anothen input priced imithe market; it is a physical condition of production. Taken together,
the literatur@ireveals separate but connected streams: sustainability studies, ecological economics,
entropy economics; thermodynamic approaches to the economy and empirical work on energy and
growth. The conttibition of'this paper is to bring these streams together in a single conceptual-analytical

framework for evaluating the sustainability of economic growth.

3. METHODOLOGY

This study adopts a conceptual-analytical method. Its aim is not to produce a new measurement
or econometric estimation, but to reinterpret the relationships among economic growth, production,
energy, natural resources, entropy and sustainability through the existing academic literature. For this

reason, the paper should be read as a theoretical synthesis rather than an empirical analysis.
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The choice of method is determined by the nature of the research question. The question of
whether economic growth can be considered sustainable in the light of the second law of
thermodynamics is not, in the first instance, a numerical question. It is a conceptual question concerning
how the economy is defined, which assumptions guide its modelling and how value and cost are
understood. Such a question requires the identification and comparison of competing theoretical

assumptions rather than the construction of a new econometric model.

Accordingly, the study does not create a new data set, conduct a cross-country comparison or
estimate a statistical model. Empirical findings are not excluded; however, they are gisediin a supporting
role. In particular, Kiimmel and Lindenberger’s (2014) findings on the productive weight of energyare
treated as secondary evidence that strengthens the theoretical argument. The jpurposeiis not to test anew
empirical hypothesis but to show how existing empirical results can bennterpreted within an entropy-

based framework.

The sources used in the study have been selectedmaccording to their amalytical function.
Georgescu-Roegen (1971) and Daly (1991) provide (the theoretical backbone. Kiimmel and
Lindenberger (2014) provide empirical support for thehroledof energy m growth. Repke (2020),
Jakimowicz (2020) and Avery (2012) serve as conmecting and explamatory sources that clarify the
interdisciplinary character of entropy-basedyeconomics.yTutulmaz (2012), Ulucak (2018), Camdali
(2024), and Eroglu and Canan (2019) are used to connect the discussion with the Turkish academic

literature on sustainability, ecological economics and thermodynamics-economy relations.

The analysis proceeds, through, four conceptual comparisons. The first comparison concerns
whether the economy should be defined asya closed monetary circuit or as an open system that receives
low-entropy mattergand energy, from nature and releases high-entropy waste and heat. The second
comparison concernis whether theeconomic process should be viewed as a reversible equilibrium
mechanism©mnyas an irreversible process subject to the second law of thermodynamics. The third
comparison concerngiwhethenvalue and cost should be measured only by market prices or also by energy
quality, resource'scarcity and entropy cost. The fourth comparison concerns whether growth should be

evaluated.only.as quantitative output expansion or as a process constrained by biophysical limits.

The method has clear limitations. Since the study is conceptual and analytical, its claims are not
tested at the country, sector or firm level. The conclusions are therefore theoretical reframings rather
thamyemipirical generalizations. Expressions such as labor as organized biological energy or capital as
stored energy and labor should also be understood as conceptual propositions, not as strict physical laws.
These limitations do not weaken the argument; they define its scope and prepare the ground for later

empirical research.
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4. THEORETICAL FRAMEWORK

4.1. The Entropic and Irreversible Character of the Economic Process

Georgescu-Roegen (1971) argues that mainstream economics overlooks the physical character of
the economic process by representing it as reversible, circular and mechanical. In his view, economic
activity is not a movement that can be run forward and backward like a mechanical oscillation. It is a
process with a direction. This direction arises from the second law of thermodynamics: production and
consumption transform usable energy and matter into less usable forms, and this transformation’cannot

be fully reversed along the same path.

This point determines the central argument of the paper. The economyiis not anabstract monetary
system operating outside the physical world. It is a transformationgpzrocess), governed by ‘physical
constraints. Every act of production organizes matter and energy for human'purposes, but it also leaves

behind heat, waste and dispersed materials. The economic process therefore has an entropic character.

4.2. Low-Entropy Resources, Economic Value and Natural Limits

The irreversible character of the process determinesithe position of natural resources within
economic analysis. Natural resources are not external‘data added to"a model after the fact. They are
internal conditions of production and value creation. In an‘entropy-based reading, production means
using low-entropy resources and comverting theminte uséful forms. The problem is not that matter or
energy disappears; the problem is that usable energy degrades into heat and concentrated resources

become dispersed (Avery, 2012).

A simple analogy'may elarify this point. The molecules of a dispersed perfume do not disappear,
but they cannot b¢ gathered agaimyinto their original concentrated form without additional energy and
loss. Similarly, economiefactivity does not destroy matter in an absolute sense; rather, it changes the
quality and availability of'matter and energy. This means that economic value is related not only to price

but alsoite the physical condition of resources.

4.3¢ Critique of the Circular Flow and the Linear Throughput of Matter and Energy

Daly (2991) translates Georgescu-Roegen’s entropy argument into a critique of the circular flow
model. The standard model presents the economy as a continuous circulation of goods, services and
money between households and firms. While this model is useful for representing exchange, it obscures
the physical basis of the economy. It makes the economy appear self-contained, as if it were not

embedded in nature.

Daly argues that the actual physical foundation of the economy is not circular but linear. The
economy takes low-entropy matter and energy from the ecosystem and returns high-entropy waste and

heat to it. He calls this one-directional flow throughput and places it at the center of economic analysis.
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Rapke (2020) develops a similar criticism by arguing that the circular flow model hides the dependence
of the economy on high-quality energy and the generation of waste. This distinction between circular
monetary flow and linear matter-energy throughput is essential for an entropy-based sustainable

economy.

4.4. Reinterpreting Production Factors: Labor, Capital and Energy

If the economic process is a physical transformation, the standard production factorsmust also be
reinterpreted. Production is not merely an abstract combination of labor and capital,t.is a process that
transforms energy and matter over time. Within this framework, labor may be interpreted as the
organized and purposeful use of biological energy, while capital may be integpretedas accumulated past

labor and energy embodied in tools, machines and infrastructure.

These expressions are not intended as strict physical laws. They are conceptual propositions that
make the physical dimension of production visible. Their importance is supported by empirical findings
showing that the role of energy in production can be far greaterthan its cost share suggests (Kiimmel
and Lindenberger, 2014). Energy is therefore not a marginal‘input/simply because it is cheap. It is one

of the conditions that makes production possible.

4.5. The Distinction Between Growthiand Development and the Steady-State Economy

The theoretical line reaches agelear policy-rélevanfidistinction in Daly’s (1991) separation of
growth and development. Growth refers to quantitative @xpansion, especially the increase in the physical
scale of the economy and it$)throughput. Development refers to qualitative improvement in welfare,
knowledge, efficiency afid mstitutional capagity. A finite and non-growing ecosystem cannot support an

endlessly expanding physical economy, but qualitative development can continue within physical limits.

The steady-stateieconomy should not be understood as stagnation or crisis. It refers to an economy
that maintaing, alsustainable physical scale, limits resource throughput and emphasizes qualitative
development. This distinietion” leads to the main theoretical proposition of this paper: growth is not
rejected initself, but it cannot be considered sustainable unless its biophysical scale and entropy cost

areevaluated.

5. DISCUSSION: ENERGY, GROWTH AND ENTROPY COST

The theoretical framework developed above suggests that growth should not be evaluated only as
an increase in output or monetary volume. It should also be understood as a transformation of resources
and energy. When growth is read in this way, the sustainability debate changes its ground. The question
is not simply how much an economy produces, but what kind of resource flow and entropy cost make

that production possible.
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Mainstream economics tends to evaluate production factors through their cost shares. Labor and
capital appear important because their shares in total cost are large, while energy appears less important
because its monetary share is relatively small. However, energy is not only a cost item. It is a physical
enabling condition of production. Kiimmel and Lindenberger (2014) show that the production elasticity
of energy may be significantly higher than its cost share. This means that small changes in energy input

can have larger effects on output than standard cost-share reasoning would predict.

This distinction is crucial for understanding why energy shocks may produce output 1gsses greater
than expected. The energy crises of the 1970s revealed that the role of energy in the' production system
cannot be reduced to its market price. In addition, part of the growth that is commonly ‘attributed, te
exogenous technological progress may be reinterpreted as the result of the productive role of energy
conversion. The point is not to deny technological progress, but to insistithat teehnologyiitself operates

through matter and energy.

The same problem appears in the measurement of growth. Gross domestic product measures the
monetary volume of economic activity, but it does not reveal how much energy, material flow and waste
are associated with that activity. A country may inctease GDPwhile also increasing its dependence on
low-entropy resources and its production of high-entropy waste. Such’ growth may look successful in

monetary terms while remaining fragile oramsustainablein biophysical terms.

Entropy cost is also related to consumption patterns. If production converts low-entropy resources
into high-entropy waste, then consumptionithat adds little to social welfare also carries an entropy cost.
Status-oriented or display-based comsumption, may generate production and resource use without
proportional welfare gain$. This observation is not a moral judgement against consumer preferences. It
is an analytical point: resourcejuse that does not significantly improve welfare still consumes energy,

materials and ecological capacity.

The conclusion of'this discussion is a careful reframing of growth. Economic growth may support
welfare, productivity and qualitative development. However, it cannot be evaluated only through the
inérease imjoutput. It must be evaluated together with energy quality, resource throughput, waste
generatiofl, enttopy ‘Cost and ecological carrying capacity. The analytical contribution of an entropy-

based approach is therefore to move the debate from quantity alone to biophysical sustainability.

6. POLICY IMPLICATIONS

An entropy-based sustainable economy does not automatically produce a detailed policy program.
However, by reading economic activity as a physical transformation process, it provides important
implications for policy design. These implications should be understood as an analytical framework that

can complement existing sustainability policies rather than replace them.
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The first implication is that GDP should not be treated as a sufficient indicator of sustainability.
Monetary indicators should be complemented by biophysical indicators such as energy intensity,
material throughput, waste generation, greenhouse gas emissions, ecological footprint and resource
efficiency. This does not mean abandoning GDP. It means interpreting GDP together with indicators

that reveal the physical basis and ecological cost of economic activity.

The second implication concerns energy efficiency. Improving energy efficiency isfhecessary
because it can reduce the resource and entropy cost of a given level of output. Yet efficiency alone may
not be sufficient. If lower unit costs encourage higher total consumption and productien, part of the
efficiency gain can be offset by a rebound effect. For this reason, efficiency policies should be designed

together with targets that limit absolute resource and energy throughput.

The third implication is that production and consumption pattefns sheuld'be evaluated according
to entropy cost as well as monetary value. Durability, repairability and reusability should be treated as
important design principles because they can reduce materialdflow and waste. At the§ame time, resource
use that contributes little to social welfare should be examined moreicarefully. The aim is not to restrict
preferences in a moralistic way, but to make the relationship between welfare, resource flow and waste

visible.

The fourth implication concerns the circular economy. Recycling, reuse and closed material
cycles are valuable tools for reducing resource flows and waste. Nevertheless, the second law of
thermodynamics means that perfect andlessless circularity is not possible. Every recycling process
requires energy and involves, some degradation, ordispersion. Therefore, the circular economy should

be understood as an appréach that reducesientropy cost, not one that eliminates it.

These implications can beysummarized around four concepts: scale, sufficiency, efficiency and
qualitative development. Seale refers,to keeping the physical size of the economy within ecological
carrying capacity. Sufficiency refers to aligning resource use with welfare needs. Efficiency refers to
producing a given output with lower resource input. Qualitative development refers to improving
wélfare, knowledge and quality without relying solely on quantitative expansion. This framework is not
asimpledanti-grewth position; it is a proposal to measure economic success by the capacity to create

welfare withhlower resource throughput.

7. €ONCLUSION

This study started from the question of under what conditions economic growth can be considered
sustainable when evaluated through the second law of thermodynamics and the concept of entropy. The
answer developed throughout the paper is conceptual rather than econometric: the economy should be
understood not as a closed monetary circuit, but as an open system that receives low-entropy energy and

matter from nature and transforms them into high-entropy waste and heat.
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The study adopted a conceptual-analytical method. It did not create a new data set, estimate an
econometric model or conduct a country comparison. Instead, it brought together theoretical and
empirical literature on economic growth, energy, natural resources, entropy and sustainability in order
to propose a coherent framework. Empirical findings on the energy-growth relationship were used only

as supporting evidence for the theoretical argument.

The main result is that economic growth should not be evaluated only as monetary expansion or
output increase. Growth is also a physical process based on the transformation of low-entropy resources
into high-entropy waste and heat. Monetary indicators can measure the volume of detivity, but they do
not directly show the energy conversion, resource throughput and waste generation behind'that activitys

Therefore, an economy may grow in monetary terms without being sustainable in biephysical terms.

The theoretical backbone of this result is provided by Georgescii-Roggen (1971) and, Daly (1991).
Georgescu-Roegen showed that the economic process is irreversible and subject to‘thessecond law of
thermodynamics. Daly carried this insight into the sustainability debate by definingithe economy as an
open subsystem of a finite ecosystem and by placing throughput at the center of'analysis. His distinction
between quantitative growth and qualitative development, s particularly important because it turns

sustainability into a question of scale and resource flow.

The contribution of this paper is to combine this theoretical line with contemporary empirical
findings on energy and growth and with thegbroades, literature on ecological economics and
sustainability. It argues that growth is notiinherently negative, but it cannot be considered sustainable
unless biophysical limits, enatropy cost and socialewelfare are considered together. In this sense, an
entropy-based reading dees,not invite economics to abandon growth discussions; it invites economics

to ask what kind of growth, with, which resource base, at what entropy cost and for what social benefit.

The limitations, of #he study‘are clear. Because it is conceptual and analytical, it does not
empirically testiits propesitions. Future research can extend this framework by examining countries,
sectors.or firms throughyindicators such as energy intensity, material throughput, resource productivity,
waste generation and ecological footprint. Such empirical work would make it possible to evaluate more

concretely whether economic growth is moving toward or away from biophysical sustainability.

In, conclusion, economic growth remains important for welfare and qualitative development, but
itycannot be evaluated meaningfully without its physical foundation. The entropy-based approach
propaesed in this paper provides a conceptual ground for thinking about economic success not only in
terms of how much is produced, but also in terms of which resources and energy transformations make

that production possible.
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EKONOMI POLITIiKA BELIRSIZLiGi VE BIST BANKA ENDEKSi ARASINDAKI
ZAMANA GORE DEGISEN NEDENSELLIK ILiSKiSi

Seyda Yildiz ERTUGRUL"
Burcu. XURUK™

OZET

Kiiresel élcekte yagsanan ekonomik belirsizlikler, yatirnmci kararlari ve finansal piyasa istikrart
iizerinde belirleyici bir risk unsuru haline gelmistir. Belirsizlikler piyasa mékanizmalarinin isleyisinde
aksakiiklara neden olmakta ve yatirimcet giivenini zedelemektedir. S6z konusu riskleri algmek dmacryla
literatiirde piyasa oynakliginin temel bir géstergesi olarak Baker vd., (2016) tarafindan gelistirilen
Ekonomik Politika Belirsizligi (EPU) endeksi karsimiza cikmaktadir. Ozellikle finansal sistemde risk ve
likidite yonetiminin merkezinde yer alan bankacilik sektorii, peolitika belirsizliklere karsi en hassas
sektorlerden biridir. Dolayisiyla, belirsizliklerin bankacilik sektorii ile iliskisini anlamak, hem sektorel
hem de sistemik riskin yonetilmesi acgisindan da ‘\onem tasimaktadir.\ Bu ¢alismanin temel amaci,
belirsizlik ve bankacilik sektorii arasindaki nedensellik iliskisinin“ampirik olarak analiz etmektir.
Calismada degisken olarak EPU ile BIST Banka Endeksikullanilmis olup, analiz donemi ise kiiresel
olgekte ekonomik calkantilarin yasandigr donemieri, kapsayacak sekilde 1997:M1-2025:M11 olarak
belirlenmistir. Politika soklarimin 'gelismekte olan piyasalarda heterojen ve zamana goére degiskenlik
gosteren etkiler yarattgr gerceginden, hareketle, “calismada Shi vd. (2020) tarafindan gelistirilen
zamana gore degisen Gramnger nedensellilpanalizi tercih edilmistir. Analizden elde edilen bulgular,
EPU’dan BIST Banka Endeksine dogru istatistiksel olarak anlamli bir nedenselligin varligini ve bu
nedenselliklerin farki zaman dilimlerinde dinamik yapi sergiledigini ortaya koymaktadir. Ozellikle
nedensellik Gliskisinin COVID-19 Salgini, Rusya-Ukrayna Catismast (RUC) gibi 6nemli belirsizlikler
donemlerinde ‘daha belirgin eldugu gozlemlenmistir. Calismanin bulgulari, portfoy yoneticileri igin
ERU’dakidegisimlerin bankacilik sektorii acisindan erken uyari sinyali tasidigin, politika belirleyiciler
icin iseydiresel politika soklarimi merkeze alan dinamik bir risk yonetiminin zorunlu oldugu

gostermelktedir.

Anahtar Kelimeler: BIST Banka Endeksi, Ekonomik Politika Belirsizligi (EPU), Zamanla Degisen
Grangér Nedensellik.
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THE TIME-VARYING CAUSAL RELATIONSHIP BETWEEN ECONOMIC POLICY
UNCERTAINTY AND THE BIST BANKING INDEX

ABSTRACT

Economic uncertainties on a global scale have become a key risk factor affecting investor
decisions and financial market stability. Uncertainties are causing disruptions in the functioning of
market mechanisms and undermining investor confidence. To measure these risks, the Economic Policy
Uncertainty (EPU) index developed by Baker et al. (2016) and recognized in the literature, ds a key
indicator of market volatility is used. The banking sector, which plays a central rolein riskand liquidity
management within the financial system, is one of the sectors most sensitive tolpolicy uncertainties.
Therefore, understanding the relationship between uncertainties and the\bankingysectordis also
important for managing both sectoral and systemic risks. The primary objective of this study is to
empirically analyze the causal relationship between uncertainty and the banking sector."The study uses
the EPU and the BIST Banking Index as variables, and the analysis period\is defined as 1997:M1-
2025:M11 to cover periods of global economic turmoil. Given that policy shocks have heterogeneous
and time-varying effects in emerging markets, this \Study employs the time-varying Granger causality
analysis developed by Shi et al. (2020). The analysisiresults vevealfa statistically significant causal
relationship between the EPU and the BIST Banking Index,and show that these causal relationships
exhibit a dynamic structure across different time periods. Notably, the causal relationship was observed
to be more pronounced during periods of significant uncertainty, such as the COVID-19 pandemic and
the Russia-Ukraine Conflict(RUC). The studys findings suggest that changes in the EPU serve as an
early warning signal for the banking seetor for portfolio managers, while for policymakers, they

highlight the necessify’of a dynamic risk management approach centered on global policy shocks.

Keywords: BIST Banking» Index, “Economic Policy Uncertainty (EPU), Time-Varying Granger
Causality.

JELCodes: E44) G 10, C20.
1. GiRI$

Kiiresellesmenin etkisiyle birlikte, diinyada meydana gelen kriz, savas ve politik olaylarin neden
oldugu ekonomik belirsizlik faktorleri iilkelerin finansal piyasalarmi etkileyen Onemli bir
makroekonomik unsur haline gelmistir. Yasanan ekonomik belirsizlikler karsisinda 6zellikle gelismekte
olan piyasa ekonomileri daha kirilgan bir yapi sergilemektedir. Belirsizligin arttigi donemlerde

yatiricimlarin piyasaya olan giivenini zedelenmekte ve bu durum piyasa isleyisinde aksakliklara neden

olmaktadir (Ozcelebi ve izgi, 2023).

Belirsizliklerin hisse senedi piyasasi lizerindeki etkileri de son yillarda birgok aragtirma tarafindan

analiz edilen konular arasinda yer almaktadir. Belirsizliklerin hisse senedi piyasalar iizerindeki etkisi,
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“bekle ve gor” teorisi ile agiklanmaktadir. Baker ve Bloom (2016) tarafindan Onerilen teroiye gore,
belirsizlikler yatirimcilart yatirimlarindan uzaklastirarak borsa getirilerini olumsuz etkilemektedir.
Nitekim, literatiirdeki belirsizliklerin hisse senedi piyasasininda oynakligi artirdigi ve getirileri
diisiiriidiigiinii (Christou vd., 2017; Kundu ve Paul, 2022; Das vd., 2019; Guo vd., 2018) yoniinde
bulgular bu teoriyi dogrular niteliktedir. Ancak, belirsizliklerin etkileri ve bu etkilerin zamana baglh
olarak degisip degismedigi halen tartisma konusudur. Ornegin Cin piyayasinda yapilan iki ¢alismada,
Xiong vd. (2018) calismasinda, EPU’nun hisse senedi getirileri iizerindeki etkisinin zamana bagli olarak
degistigini ileri siirmekte iken Yang ve Jiang (2016) ¢alismasinda EPU ile borsa arasindaki iliskinin
gecikmeli ve ¢ift yonlii olduguna dair kanitlar sunmaktadir. Arouri vd. (2016) ise ABD piyayast i¢in
yaptig1 calismada, EPU ile hisse senedi piyasasi arasindaki asimetrik iliskiyi ortaya koymaktadir.
Literatiirde yer alan galismalarin ¢cogu zamansal ve sektorel dinamikleri gelismis lilke piyasalarina igin
sinirli bir bicimde yansitmaktadir. Oysa, Tiirkiye’nin de i¢erisnde yer aldigi gelismekte olan ekonomileri
finansal piyasalari, belirsizliklere karsi oldukg¢a duyarlidir. Bu kapsamda finansal sistemin yapi
taglarindan biri olan bankacilik sektorii, politika belirsizliklerinden en fazla etkilenmesi beklenen
sektorlerden biridir. Bu nedenle, Tiirkiye’ de bankacilik sektoriiniin belirsizliklere olan tepkisinin zaman
icerisinde degisip degismediginin anlagilmasi yatirime1 davraniglarinin belirlebilmesi agisindan 6nem

tasimaktadir.

Bu c¢aligma, 1997:M1-2025:M11 donemi son yillarda belirsizliklerin Olglimiinde en ¢ok
basvurulan Baker vd. (2016) tarafindan 6nerilen EPU Endeksi ile Tiirkiye bankacilik sektoriinde faaliyet
gosteren bankalarin piyasa performansini yansitmasi bakimindan 6nemli bir gosterge olan BIST Banka
endeksi arasindaki nedensellik iligkisini analiz etmeyi amaglamaktadir. Calismada yontem olarak Shi
vd. (2020) tarafindan gelistirilen zamana gore degisen Granger nedensellik analizi tercih edilmistir.
Literatiirde ekonomik politika belirsizligi ve hisse senedi piyasalari arasindaki iliskiyi ele alan ¢ok
saylda ¢aligma bulunmasina ragmen, Tiirkiye 6zelinde bankacilik sektoriine odaklanan ve s6z konusu
iligkinin zaman igerisindeki degisimini analiz eden caligmalar sinirli sayidadir. Ayrica mevcut
caligmalarin 6nemli bir kism1 dogrusal ve sabit parametreli yontemlere dayanmakta olup, iliskinin farkl
ekonomik ve finansal kosullar altinda degisebilecek yapisini yeterince yansitamamaktadir. Bu ¢alisma,
Shi vd. (2020) tarafindan gelistirilen zamanla degisen Granger nedensellik yontemi kullanilarak
ekonomik politika belirsizliginin BIST Banka Endeksi iizerindeki etkisinin hangi doénemlerde

giiclendigini veya zayifladigini ortaya koymaktadir.

Caligma ii¢ boliimden olugmaktadir. Birinci béliimde belirsizliklerin finansal piyasalar lizerindeki
etkileri tartisilmakta, ikinci bolimde ulusal ve uluslararasi literatiirde hisse senedi piyasasi ve ekonomi
belirsizlik endeksi arasindaki calismalar ele alinmaktadir. Uciincii boliimde ise, calismada kullanilan

yontem ve ampirik bulgular degerlendirilmektedir.

2. LITERATUR
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Son yillarda literatiirde artarak devam eden hisse senedi piyasasi ve ekonomi politika belirsizligi
arasindaki iliskiyi inceleyen calismalar analiz ettikleri iilke, sektor, donem ve kullandiklar1 yonteme

gore farkli sonuclar elde etmektedir.

Literatiirdeki yaygin goriis, EPU endeksindeki artislarin hisse senedi getirilerini diisiirdiigii ve
piyasa oynakligini artirdig1 yoniindedir (Boutchkova vd., 2012; Liu ve Zhang, 2015; Arouri vd., 2016;
Yu vd., 2018; Su vd., 2019) Ancak, bu etki piyasa kosullarina (Ko ve Lee, 2015) 47%® zamana
(Antonakakis vd., 2013; Pastor ve Veronesi, 2012; Erdogan vd., 2022; Zhao ve Wang, 2022; Hong vd.
2024) gore dogrusal olmayan (Pala, 2024), bir gelisim gostermektedir. S6z konusu@aligmalarda DCCs
GARCH, DCC-MGARCH, SVAR, VAR, NARDL, Markov rejim gegisli modeler gibi dinamik modeler
kullanilmistir. Literatiirde, belirsizligin her sektorii ayn1 siddette etkilemedigine dair bulgular da yer
almaktadir (Korkmaz ve Giingor, 2018; Hoque ve Zaidi, 2019; Hu vd,;2018; Kocaarslan)2020; Segme,
2024; Meri¢ ve Kamigl, 2024). Kiiresel 6l¢ekte finans, saglik ve imalat sektérlert EPU soklarina karsi
yiiksek duyarlilik sergilerken, tarim ve teknoloji gibi sektorlerin daha direngli olabildigi saptanmistir
(Rehman vd., 2019). Tiirkiye bankacilik sektorii iizerine yapilanjanalizler, EPU'nun sadece bir getiri
kayb1 unsuru degil, ayn1 zamanda bir sistemik kiruganlik tetikleyicisi oldugunu ortaya koymaktadir
ABD kaynakli belirsizliklerin Tiirkiye'deki bankacilik sektorihkirilganlik olasiligini artirmasi, finansal
istikrarin korunmasi noktasinda dis soklarin ne kadar belisleyici oldugunu gostermektedir (Aytag Emin,
2025). EPU ve Banka Endeksi (XBANK) arasmdaki iligkinimiyénii konusunda kisith ¢aligma (Ceyhan,
2025; Topcu, 2025; Giirgay, Akbalilki&Turguts 2026),yer‘almakta ve s6z konusu ¢alismalarda yontem

olarak sabit parametreli TY, Grangex vb. nedensellik analizleri tercih edilmistir.

Literatiirdeki ¢alism@alar incelendiginde, hisse senedi piyasalar ile ekonomik politika belirsizligi
arasindaki iliskinin dinamik“ve kosullara bagli bir yap: sergiledigini ortaya koymaktadir. Bulgular,
cogunlukla belirsizlik artislarmin‘getiriler izerinde bask1 olusturdugunu ve piyasa oynakligini artirdigini
gostermekte;, ancak iligkinin dogrusal ve sabit parametreli modellerle tam olarak aciklanamadigi,
etkilerin zaman Ve, ekonomik kosullara gore degisebildigi vurgulanmaktadir. Ayrica sektor bazlh
caligmalas, bu etkinin homejen olmadigini ve 6zellikle bankacilik sektoriiniin belirsizlik soklarina daha
duyath olabildigini,gostermektedir. Tiirkiye 6zelinde ise bankacilik sektorii ile ekonomik politika
belirsizligi arasidaki iliskinin yonii ve niteligine dair bulgularin tutarli olmadig1, sonuglarin kullanilan
yontem ve Ornekleme donemine gore farklilagtigi goriilmektedir. Bu bulgular, iligskinin zaman iginde
degisen yapisini dikkate alan daha esnek ve dinamik yontemlere duyulan ihtiyaci agik bigimde ortaya
koymaktadir. Bu dogrultuda ¢alisma, zamana gore degisen nedensellik yaklagimi kullanarak Tiirkiye
bankacilik sektorii 6zelinde ekonomik politika belirsizligi ile hisse senedi piyasasi arasindaki iliskiyi

daha kapsamli ve giincel bir ¢er¢evede yeniden degerlendirmeyi amaglamaktadir.

3. VERI SETi, METODOLOJi VE BULGULAR
3.1. Veri Seti ve Metedoloji
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Bu ¢aligma, ekonomi politika belirsizlik endeksi ve BIST banka endeksi arasindaki nedensellik
iligkisini analiz etmek amaciyla 1997M1- 2025M11 donemini kapsayan aylik zaman serisi verileri

kullanilmistir. Calismada kullanilan degiskenlerine ait tanimlamalar Tablo 1’ de sunulmaktadir.

Tablo 1. Degiskenlere Ait Tamimlamalari

Degisken Sembol Kaynak
Ekonomi Politika Belirsizlik Endeksi EPU Economic Policy Uncertainty
Bist Banka Endeksi XBANKA Investing

Bu ¢alismada politika soklarinin 6zellikle gelismekte olan piyasalarda hetergjen ve,zamana gore
degiskenlik gosteren etkiler yarattig1 gerceginden hareketle, Shi vd. (2020) tagafindan onerilen Zamana
Gore Degisen Granger Nedensellik yaklagimu tercih edilmistir. Bu dinamik yaklagimyiic farkli zamana
gore degisen nedensellik algoritmasi sonuglarini dzyinelemeli genisl€yeny(Recursive expanding, RE),
ileriye dogru genisleyen (Forward expanding, FE) ve hareketli (Rolling,\RO) “pencere yaklagim
kullanarak ortaya koymaktadir. Bu yaklasim, diger nedensellik yaklasimlarima kiyasla bazi avantajlar
saglamaktadir. Bunlardan ilki serilerdeki heterojen yapinin tespiti yakalamasi, ikincisi bootstrap
yaklagiminin kullanilmasi ile ¢oklu test siireclerinde/fortayagcikabilecek boyut'sapmalarini kontrol altina
almast ve son olarak farkli dereceden es biitiinlesme derecesine’ sahip serilerde nedenselligin

arastirilmasina imkan tanimasidir.

Zamana gore degisen Granger nedensellik testi icin ilk asamada gecikmeli VAR (LA-VAR)
modeli Denklem (1)’de gosterildigi gibi tahmin edilmektedir:

k k+G
Yé=ao +a it + Zﬁi)’t—i + Z ﬁth—j + & (D
i=1 j=k+1

(1) numarali denklemde yer aldn n boyutlu vektor olan y,, bagimhi degiskeni, G ise EPU ve
XBANK degiskenlerini i¢eren bagimmli degisken y,’nin maksimum gecikme uzunlugunu temsil

etmektedir. Denklen'(2)’de.regresyon modeli asagidaki gibi gosterilmektedir:

yt=FTt+d)xt+l1UZt+€t (2)

(2) numarali denklemde I' = (g, @1)nx(q+1), Tt = (1, t) 261, @ = B1y oor Bi)nzmk» ¥ =
(Bretw, 4 BrercInxni> Xt = Yty 0 Vi-i) 'nkx1r V€ Z¢ = (Vi—k—1, -» Yi-k—1) ngx1 vektorleri olarak
tanimlanmaktadir. Modelde degiskenler arasinda nedensellik iligkisinin olmadigini ifade etmek igin
kullanilan Hy = Re = 0 seklinde ifade edilmektedir. Sifir hipotezinin reddedilip reddedilmeyecegine
iliskin karar ise ¢ = vec(®) matrisi lizerine getirilen baz1 kisitlar araciligryla tanimlanmaktadir.

Denklemde bilesenlerinin sifira esit oldugu varsayildigindan R matrisi m X n*k boyutuna ve G
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gecikmeli vektorlere ait W katsayilar matrisi analize dahil edilmemektedir. Buna gore, (1) numarali

denklem tekrar diizenlendiginde (3) numarali denklemine doniismektedir:

Y=1I"+X® +2¥ +¢, 3)

Denklem  (3)te ¥V =y, ¥r)'ran  T= (T T0) 1o X = (01, s X0) 1ok, Z =
(21, 2 27) 1xnG> € = (€1, €7) 1xn Ve Qp = Iy —7(T'D) "' Q= Qr — Q:Z(Z2'%Z) ™' Z!%" olarak
tanimlanmaktadir. (4) numarali denklemde Sifir hipotezini (H,) test etmek i¢in hesaplanan Wald

istatistigi (W) sunulmaktadir.

W = (R$)[R{Z:Q(X'QX)" )R] 'R® O]

Zamanla degisen Granger nedensellik testinde serilerin alt dmeklemlerden eldesedilen Wald
istatistikleri hesaplanmaktadir. Buna gore, gozlemlerin baslangi¢c noktasi fyq ve bitiggmnoktas: f,., ile
ifade edilmektedir ve f,., = fr» — fr1 seklinde tanimlanmaktad. Bu alt 6rneklemdeén elde edilen Wald
istatistigi Wy, ¢ olarak gosterilmektedir. Bu dogrultuda, Tpp = [faFl, T2 = [f2T] 7w = [frwT]ve T

orneklem biiytikligiini ve 7, VAR tahmini i¢in gereken minimum orneklem sayisini gostermektedir
(Tro = [froTD.

FE pencere algoritmasina gore, ilk gozlemde baslangig.moktasi 7, sabitlenir ve siire¢ 7, nin
71 den T’ye dogru hareket etmesineresdegerdit. RQypencere algoritmasinda, baslangic noktasi 7,4 ve
bitis noktast t,, = T, + T, — 1 '§cklindejtanimlanmaktadir. RE pencere algoritmasinda ise, RO
pencere algoritmasinda olddgu gibi T,z ile sabit bir mesafeyi korumak yerine, regresyonun baslangi¢
noktasi 7,;’den T,, — &y +al’e kadar degigmektedir. Ilgilenilen her bir f, 6rneklemi icin Wald test

istatistigi (5) numarah denklemdeki gibi gosterilmektedir:

sup

fr2 = frr fr1€l0, fr2 — frol

SVVfr (fTO) = {Vl/frllfrz} (5)

(5) numaralt denklemde yer alan, [f,r] gozlemi icin nedensellik iligkisi ¢ikarim1 sup Wald
istatistigidSWe(f,)’a dayanmaktadir. Son olarak, optimal gecikme uzunlugu bilgi kriterlerine gore

tahminyedilen VAR modeli ve test istatistigi hesaplanmaktadir.

3.2. Bulgular

Caligmada, oncelikle serilerin duraganlasma diizeylerinin belirlenmesine yonelik amaciyla,
Augmented Dickey Fuller (ADF), Phillips-Perron (PP) ve Ziwot-Andrews (ZA) tesleri uygulanmustir.

Tablo (2)’ de serilerin duraganlagsma diizeylerine iliskin sonuglara yer verilmektedir.
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Tablo 2. Duraganhk Testi Sonuclar

Diizey Birinci Fark Sonug
ADF PP ZA ADF PP ZA
InEPU -3.491%** -6.279* -7.329* -6.398* -26.934%* -14.451* 1(0)

( 0.0404)  (0.0000)  (2007M8)  (0.0000)  (0.0000)  (2020M12)

INXBANKA ~ -2.258 2.678 -3.590 -4.572% -18.466%  -18.860*  I(1)
(0.4575)  (0.2454)  (2018M2)  (0.0011)  (0.0000)  (2021MS5)

Not: %1 ve %5 anlamlilik diizeyi sirasiyla “*” ve “**” simgeleri ile ifade edilmektedir. Duraganlik analizlerinde sabitli ve trendli modeller
tercih edilmistir. Parantez igerisindeki yer alan ifadeler ADF ve PP testlerinde olasilik degerlerini ve ZA testinde‘ise, kirilim tarihlerini
belirtmektedir. Optimum gecikme sayisini 12 olarak se¢ilmistir.

Serilerin duraganlagsma diizeyleri incelendiginde, EPU degiskeninin ADFEytestinde %5, PP ve
ZA testlerinde %1 anlam diizeyinde diizeyde 1(0) duraganlastig;
InNXBANKA degiskeninin ise tim birim kok testlerinde %1 anlam diizeyinde birinei farkta I(1)

duraganlastig1 goriilmektedir.

Tablo 3. Granger Nedensellikler icin Wald,Testi Sonu¢lari

Nedenselligin Yonii FE Wald RE Wald RO Wald

InEPU GC?— InBISTBANKA 2.756 15.763* 15.763*
(81322) (8.414) (9.061)
[12.420] [13.910] [13.910]

Not: %1 ve %5 anlamlilik diizeyi sirasiyla “*”fve “**?simgeleni 1le ifadeiedilmektedir. FE Wald, RE Wald ve RO Wald ifadeleri sirasiyla
ileriye dogru genisleyen (Forward expanding, FE), 6z yinelemeli genisleyen (Recursive expanding, RE) ve hareketli (Rolling, RO)
yaklagimlarina ait Wald test istatistikleridir. Parantez ve koseliyparantez i¢inde yer alan degerler sirastyla %95 ve %99 kritik degerleri ifade
etmektedir. Gecikme uzunlugu Akaikebilgi kriterineigére p(2) olarak belirlenmistir. Baum vd. (2022) takip edilerek tiim modeller d(1), p(2),
minimum pencere boyutu 72 ve beostrapt 499 entegrasyonunatrend eklenerek heteroskedastisiteye karsi direngli (robust) olarak tahmin
edilmistir.

Tablo 3’te yér alan analiz, sonuglar incelendiginde, sabit bir baslangi¢c noktasina dayanan FE
Wald test istatistiklesininIST Banka Endeksi i¢in anlamlilik diizeyine ulagamadigi, yani Granger
nedenselligin olmadigmaydair sifir hipotezini reddedemedigimizi gostermektedir. Ancak, RE ve RO
Wald testi bulgulart; EE sonuglarindan 6nemli 6lciide farklilasmaktadir. RE ve RO yaklasimlarinda
hesaplanan Wald'degerleri, %95 ve %99 bootstrap test istatistiklerini asmaktadir. Dolayistyla Granger
nedenselligintolmadigina dair Ho hipotezi %5 ve %1 anlam diizeyinde reddedilmektedir. Buna gore,
ekonomi pelitika belirsizlik endeksinin BIST Banka Endeksine dogru Granger nedenselligin varligi s6z

konusudur.
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Sekil 1. EPU ile BIST Banka Endeksi Arasindaki Zamana Gore Degisen Granger Nedensellik
Testleri

InEPU — InBISTBANKA FE Wald InEPU — InBISTBANKA RE Wald

InEPU - InBISTBANKA RO Wald

Elde edilen bulgular, InERU endeksinin degistigi donemlerde InEPU ve InXBANK A degiskenleri
arasinda belirgin bitinedensellik iligkisi olustugunu gostermektedir. Sekil 1 incelendiginde, ekonomik
politika belirsizliginin Tiirkiye bankacilik sektorii tizerindeki etkisinin zaman igerisinde degiskenlik
gosterdigini ortaya Koymaktadir. Ozellikle kiiresel kriz donemleri ile Tiirkiye ekonomisinde finansal
kiglganliklarin arttigr siireclerde, EPU endeksinden BIST Banka Endeksine dogru nedensellik iligkisinin
giiclendigi gozlenmektedir. FE Wald testi sonuglar1 genel olarak kritik degerlerin altinda kalsa da, 2010
sonrasi donemde belirsizlik soklarinin bankacilik sektorii iizerindeki etkisinin arttii goriilmektedir.
Buna kargilik'RE ve RO Wald testleri, 6zellikle 2021 sonras1 donemde istatistiksel olarak anlamli
nedensellik iligkilerinin ortaya ¢iktigimi gostermektedir. Bu donemde kiiresel enflasyonist baskilar,
Tiirkiye’deki kur oynakligi, yiiksek enflasyon siireci ve para politikasi belirsizlikleri bankacilik sektorii
iizerindeki kirilganlig1 artirmistir. Ozellikle 2022-2024 doneminde Wald istatistiklerinin kritik degerleri
asmasi, ekonomik politika belirsizliginin BIST Banka Endeksi iizerinde giiclii etkiler yarattigini ortaya

koymaktadir.

122



ICOAEF-XV International Conference on Applied Economics and Finance
May 11"-12", 2026 / Bishkek- KYRGYZ REPUBLIC

Sabit katsayili Granger nedensellik testleri, Tiirkiye ekonomisindeki yapisal kirilmalarn ve
dinamik degisimleri tam olarak yansitmadigi icin bu nedensel iliskiyi reddetme egilimindedir. Nitekim
FE sonuglarinin aksine, RO ve RE yaklagimlar kullanilarak zamanla degisen dinamikler analize dahil
edildiginde, nedensel baglantilarin 6zellikle kriz ve belirsizlik donemlerinde %99 giiven diizeyinde ¢cok
daha giiclii ve istatistiksel olarak anlamli hale geldigi goriilmiistiir. Bu bulgu, gelismekte olan
piyasalarda finansal nedensellik analiz edilirken, zamanla degisen parametrelerin ve belirsizligin

modellenmesinin metodolojik 6nemini agikca ortaya koymaktadir.

4. SONUC

Bu calismada, ekonomi politika belirsizligi ile Bist Banka Endeksi arasindaki iliski, 1997:M1—
2025:M11 donemini kapsayan aylik veri seti kullanilarak zamana gore degisen Granger nedensellik
yaklasimi gergevesinde analiz edilmistir. Calisma, ekonomi politika belirsizliginin BIST Banka Endeksi

iizerindeki etkisini ve bu etkinin zaman igerisindeki degisimini ortaya koymaktir.

Analiz sonuglari, ekonomi politika belirsizliginin Bist Banka Endeksi iizerindeki etkisinin sabit
olmadigini, aksine ekonomik ve finansal kosullara bagli olarak gii¢lenip zayiflayan dinamik bir yap1
sergiledigini ortaya koymustur. Ozellikle COVID-19 salgini, Rusya-Ukrayna Catismasi, kiiresel
enflasyonist baskilar, doviz kuru oynakligi ve para politikas1 belirsizliklerinin arttigi dénemlerde
ekonomi politika belirsizliginin bankacilik sektorii {izerindeki etkisinin 6nemli Sl¢lide giiclendigi
goriilmiistiir. Bu sonug, bankacilik sektoriiniin kiiresel soklara kars1 yiiksek duyarlilik gosterdigini ve
belirsizliklerin sektor performansi {izerinde belirleyici rol oynadigini ortaya koymaktadir. Calismanin
bir diger énemli bulgusu, zamanla degisen parametreleri dikkate alan yontemler kullanildiginda,
ozellikle kriz ve yiiksek belirsizlik donemlerinde nedensellik iliskilerinin daha gii¢lii ve istatistiksel

olarak anlamli hale geldigi belirlenmistir.

Elde edilen sonuglar, yatirimcilar ve portfoy yoneticileri agisindan ekonomi politika belirsizligi
gostergelerinin bankacilik sektorii performansini 6ngormede 6nemli bir erken uyari mekanizmasi olarak
kullanilabilecegine isaret etmektedir. Politika yapicilar agisindan ise, kiiresel belirsizliklerin finansal
sistem tizerindeki etkilerini azaltabilmek icin Ongoriilebilir, seffaf ve giliven artirici politika
cergevelerinin gelistirilmesi 6nem tagimaktadir. Bu baglamda, ekonomi politika belirsizliginin yakindan
izlenmesi ve risk yOnetimi siireclerine entegre edilmesi, finansal istikrarin korunmasina katki

saglayacaktir.

REFERANSLAR
Antonakakis N., Chatziantoniou I. & Filis G. (2013). Dynamic co-movements of stock market returns,

implied volatility and policy uncertainty. Econ. Lett., 120(1), 87-92.

Arouri, M., Estay, C., Rault, C. & Roubaud, D. (2016). Economic policy uncertainty and stock markets:

Long-run evidence from the us. Finance Research Letters, 18, 136—141.

123



ICOAEF-XV International Conference on Applied Economics and Finance
May 11"-12", 2026 / Bishkek- KYRGYZ REPUBLIC

Aytag Emin, A. (2025). Tiirkiye bankacilik sektorii kirllganligi: Abd ekonomi politikasi belirsizliginin
rolii. Ankara Haci Bayram Veli Universitesi Iktisadi ve Idari Bilimler Fakiiltesi Dergisi, 27(1),
267-290.

Baker, S. R., Bloom, N. & Davis, S. J. (2016). Measuring economic policy uncertainty. The Quarterly
Journal of Economics, 131(4), 1593-1636.

Boutchkova M., Doshi H., Durnev A. & Molchanov A. (2012). Precarious politics and retufn volatility.
The Review of Financial Studies, 25 (4), 1111-1154.

Ceyhan, I. F. (2025). Amerikan volatilite ve belirsizlik endekslerinin bist bankacilik endeksi ile ilikisi:
Nardl ve toda-yamamoto yaklasimi. Muhasebe ve Finansman Dergisif (108);203-230.

Christou C., Cunado J., Gupta R. & Hassapis C. (2017). Economic poliey,uncertainty and stock market
returns in pacificrim countries: Evidence based on a bayesian‘panel var model. J. Multinational

Financ. Manage., 40, 92-102.

Das D., Kannadhasan M. & Bhattacharyya M. (2019).\Do Theyemerging ‘stock markets react to
international economic policy uncertainty, gegpolitical riskiand financial stress alike?. North Am.

J. Econ. Financ., 48: 1-19.

Erdogan, L., Ceylan, R. & Abdul-Rahman, Ma,(2022). Theyimpact of domestic and global risk factors
on turkish stock market: Evidence from! the nardl_approach. Emerging Markets Finance and

Trade, 58(7),1961-1974.

Guo, P., Zhu, H. & You, WA2018). Asymmetri¢, dependence between economic policy uncertainty and
stock market retutns‘in g7 and brictAyquantile regression approach. Finance Research Letters,

25,251-258.

Giircay, H. R., Akbalik/M., ve Turgut, M. (2026). Ekonomik ve politik belirsizliklerin bankacilik
endeksiiizerine etkisi: Nardl yaklasimi. Maliye ve Finans Yazilari, (125), 27-49.

Hong, Y, Zhang, R¢& Zhang, F. (2024). Time-varying causality impact of economic policy uncertainty
on stoeck market returns: global evidence from developed and emerging countries. Int Rev Financ

Analy 91, 102991.

Hoque, M.E. & Zaidi, M.A.S. (2019). The impacts of global economic policy uncertainty on stock
market returns in regime switching environment: Evidence from sectoral perspectives.

International Journal of Finance and Economics, 24 (2), 991-1016.

Hu Z., Kutan, A.M. & Sun, P.W. (2018). Is u.s. economic policy uncertainty priced in china’s a-shares

market? evidence from market, industry, and individual stocks. Int Rev Financ Anal 57,207-220.

Ko, J. H. & Lee, C. M. (2015). International economic policy uncertainty and stock prices: Wavelet
approach. Economics Letters, 134, 118122.

124



ICOAEF-XV International Conference on Applied Economics and Finance
May 11"-12", 2026 / Bishkek- KYRGYZ REPUBLIC

Kocaarslan, B. (2020). ABD ekonomi politikalarindaki belirsizlik ve bist (borsaistanbul) ana sektor

endeksleri arasindaki volatilite geciskenligi. Business & Management Studies: An International

Journal, 8(3), 3221-3238.

Korkmaz, O. ve Giingér, S. (2018). Kiiresel ekonomi politika belirsizliginin borsa istanbul’da islem
goren secilmis endeks getirileri iizerindeki etkisi. Anemon Mus Alparslan Universitesi Sosyal

Bilimler Dergisi, 6(ICEESS’ 18), 211-219.

Kundu, S. & Paul, A. (2022). Effect of economic policy uncertainty on stock market return and volatility

under heterogeneous market characteristics. Int. Rev. Econ. Financ., 80, 597-612.

Liu, L. & Zhang, T. (2015). Economic policy uncertainty and stock market volatility. Finance, Research
Letters, 15, 99-105.

Merig, E., ve Kamisli, M. (2024). Ekonomik politika belirsizlikleri‘ile pay sencdiypiyasasi oynakligi
arasinda asimetrik iligkiler: borsa istanbul sektdrlerine iligskin uygulama. Business & Management

Studies: An International Journal, 12(4): 1067-1082.

Ozgelebi, O. & Izgi, M. T. (2023). Assessing the mndpact§jef e¢ofiomicipolicy uncertainty of the us on
the exchange rates and stock returns of koreay, mexicoy poland and russia. Eastern European

Economics, 61(1), 1-22.

Pala, F. (2024). Segili risk ve belirsizlik endeksleriile sektorel hisse senedi getirileri arasindaki asimetrik
iligkinin incelenmesi: OECD iilkeletiicin ampirik bir analiz. Journal of Emerging Economies and

Policy, 9(2), 236-261,

Pastor L. & Veronesi P£(2012). Uncertaintypabout government policy and stock Prices. J. Finance, 67
(4), 1219-1264.

Rehman, M. U., AsgharN. & Hussain, J. (2019). Are disaggregate industrial returns sensitive to
economic policy uncertainty?. Phys. Stat. Mech. Appl., 527, 121301.

Segte, S.0. (2024)¢Globabbelirsizlik faktorleri ile bist sektor endeksleri arasindaki kisa ve uzun donem

iliskisi. Business & Management Studies: An International Journal, 12(1), 93-115.

Shi, Sy, Hutn, S. & Phillips, P.C. (2020). Causal change detection in possibly integrated systems:

Reyvisiting the money—income relationship. Journal of Financial Econometrics, 18(1), 158-180.

Su, 2y Fang, T. & Yin, L. (2019). Understanding stock market volatility: What is the role of u.s.

uncertainty?. The North American Journal of Economics and Finance, 48, 582-590.

Topcu, M. (2025). Can the global economic uncertainty index and twitter uncertainty index be decision
variables in portfolio management strategies?. JOEEP: Journal of Emerging Economies and

Policy, (Advanced Online Publication), 450-461.

125



ICOAEF-XV International Conference on Applied Economics and Finance
May 11"-12", 2026 / Bishkek- KYRGYZ REPUBLIC

Xiong, X., Bian, Y. & Shen, D. (2018). The time-varying correlation between policy uncertainty and
stock returns: Evidence from china”, Physica a: Statistical Mechanics and Its Applications, 499,
413-419.

Yang, M. & Jiang, Z.Q. (2016) The dynamic correlation between policy uncertainty and stock market
returns in China. Physica A: Statistical Mechanics and Its Applications, 461, 92-100.

Yu H., Fang L., Zhang S. & Du D. (2018). The role of the political cycle in the relation
economic policy uncertainty and the long-run volatility of industry-level stock r

united states. Appl. Econ., 50(26), 2932-2937.

Zhao, W. & Wang, Y.D. (2022). On the time-varying correlations bet

markets: the heterogeneous roles of policy uncertainty in the us and Ch

19 (3): 1420-1432.

126



ICOAEF-XV International Conference on Applied Economics and Finance
May 11"-12", 2026 / Bishkek- KYRGYZ REPUBLIC

THE MACROECONOMIC IMPACTS OF CLIMATE CHANGE ON ASIA-PACIFIC
ECONOMIES: SECTORAL VULNERABILITIES
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ABSTRACT

Climate change has become a source of structural vulnerability thréatening macroeconomic
stability in the Asia-Pacific region, characterised as the "mother of'externalities." According to United
Nations ESCAP data, the region, which accounts for 60%,of global economic growth, is warming at
nearly twice the global average, and climate-related\disasters eause an average annual economic loss
of 924 billion dollars. This figure corresponds to 2.9% ofithe region's GDP, and it is projected to rise
to 953-980 billion dollars in a scenario of a 1.5:2°C temperature increase. The agricultural sector is
one of the most vulnerable areas to climate change.~According to the Agricultural Heat Stress Score
(AHSS) methodology developed by ESCAP, dfghanistan, Pakistan, India, Nepal, and Bangladesh fall
into the high-risk category. In the region, agriculture accounts for more than a quarter of GDP and
employs a large portiow of theyrural workforee.” In August 2024, floods triggered by the Remal cyclone
in Bangladesh submerged approximately 2 million hectares of rice fields. ESCAP's macroeconomic
analysis covering 30 countries identifies Afghanistan, Cambodia, Iran, Kazakhstan, Laos, Mongolia,
Myanmar, NepalWlLajikistan, Uzbekistan, and Vietnam as the economies most vulnerable to climate
risksd®These countries Share common characteristics, including low adaptation capacity, limited
finaneial resources, and high dependence on climate-sensitive sectors. In conclusion, the impacts of
climate change omAdsian economies are no longer future scenarios but real costs reflected in today's
financial statements. Regional countries must make a strategic choice between the cost of adaptation
investments and the heavy economic losses brought by inaction. The financing cost of the green
transition, according to IEA data, ranges between 8-9.4% in Southeast Asia, which is significantly
higher than the 5-6.5% range in developed countries. This situation constitutes one of the most

significant structural barriers to the region's low-carbon transition.
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1. INTRODUCTION

For years, economists have asked whether climate change is best described as a marketfailure, a
battle over who pays the price, or a deep-rooted structural problem in the global economy./In the Asia-
Pacific region, according to ESCAP (2023), climate-related disasters cost the region‘about'USD 924
billion every year. That’s not an abstract figure—that’s nearly 3 percent of the region’s entire GDPypand
forecasts say those losses are only going up, likely reaching between USD 953 and980 billion if global
temperatures climb by 1.5 to 2°C.

The scope of the issue is evident when you consider that this area| generates 60% of global
economic activity, warms up almost twice as quickly as theaest of the world, and sustains most of the
rain-fed agriculture and the people who depend on it. This is ‘aptly referred to as the "mother of
externalities" by the UN. Here, climate change is more than a far-off menace. It is a vulnerability that
necessitates thorough, comprehensive research because it i§)intertwined in society's physical and
economic fabric. Counting single eventsis, no longer sufficient. However, not every industry or
community is equally affected by the effects of climate change. For instance, agriculture continues to
be the foundation of rural livelihogds and,accounts for,more than 25% of GDP in many lower-income
nations. Harvests in these areas fall'off virtually instantly when the temperature rises or the rain stops.
What took place in August’2024 in Bangladesh? In a couple of days, Cyclone Remal inundated around
two million hectares of rice erops, demonstrating in one catastrophic moment how vulnerable rain-
dependent agriculfural systems are,to climate shocks. Southeast Asia's transition to sustainable energy
is costly in addition tolbeing a technological and policy challenge. The financing cost ranges from 8 to
9.4 percent, whichis significantly more than what OECD economies spend by 2.5 to 3 percentage points.
That@apyis moreithan justa figure for many nations. The investments required to deal with a warming

planet,are hindered by this wall that divides ambitious plans for climate adaptation from reality.

Thiswork aims to make three important advances in light of this complex setting. First, it analyses
the overall and’sectoral economic effects of climate change using data from 30 Asia-Pacific economies,
extending beyond mere numbers. The technique does not merely create a single index by combining all
of the"data. Instead, it distinguishes between the four primary physical aspects of climate stress:
variations in rainfall, temperature anomalies, rising sea levels, and the frequency of extreme weather
events. This gives us a clearer, more insightful picture than relying solely on general indicators. Second,
the study explores the differences hidden in the headline numbers. The research divides the data by
socioeconomic group and structural sensitivity to climate change because ESCAP's country-level risk

rankings suggest unequal vulnerability. This makes it easy to observe where the economic harm is
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focused and for whom. Are there areas of tremendous risk even in wealthy nations, or do richer

economies do better? These questions are directly addressed in the research.

Finally, this effort bridges the gap in green finance. Using the cost differential for low-carbon
investments as an explanatory variable, the study links factual data on physical climate risk to the
financial realities that affect each country's ability to respond. In other words, it examines how much of
the harm we might be able to stop or manage depending on who can and cannot afford it. Pelicymakers
must understand the link between risk and fiscal architecture if they are to develop lasting remedies. As
a result, to understand climate change in the Asia-Pacific area, we also need toonSider structural,
financial, social, and economic aspects. This study aims to connect those threads by offering reseasch
that is precise, nuanced, and rooted in the lived experience of a location on the front lines of global

change.

Dell et al. (2012) marked a turning point in the way economists connectmacroe¢enomic outcomes
to the environment. They created a within-country panelgestimator that tracks amnual temperature
fluctuations from national baselines and then shows a clear relationship between those changes and
economic expansion. According to their main findings, a singlc oné degree Celsius increase in the annual
average temperature in poorer countries virtually surely resultsyin a full percentage point drop in GDP
growth. Rich countries, however, have littlegor no influence. The\simplicity of that asymmetry—higher
vulnerability in low-income economies—generated intense interest, particularly since it seemed to
reflect underlying problems, such as weaksinstitutions, a greater reliance on climate-sensitive industries
like agriculture, and a lower capacity, for adaptationdBy pushing the data further and finding similar
splits, further investigatiohs (Burke etial., 2015; Acevedo and colleagues, 2020) corroborated this

conclusion.

Burke et al. (2015) went beyond simple replication. By modifying the original model to include
a quadratic tétm for temperature, they were able to represent the reality that the link between temperature
and productivity 1s‘not simply a straight line. Instead, circumstances deteriorate after 13°C, when
aggtegate productivity rises: In places that are already exceedingly hot, every degree makes the pain
worse.)Suchmenlinear destruction should come as no surprise to anyone following Asia's climate story,
where, lowland farming districts regularly report temperatures over ideal ranges for staples like rice.
Every degree that is added during the growing season reduces rice yields in tropical Asia by about 10%
(Welch et al., 2010). The latest IPCC Assessment, which projects 3—10% yield decreases for the region

with only 1.5°C warming—a benchmark that is dangerously close to reality—supports these warnings.

Researchers from the Asia-Pacific have concurrently developed this empirical basis. Chang et al.
(2023) found striking details after going through twenty years' worth of regional data: the impact of
rising temperatures on GDP is not consistent. Structural changes, like economies transitioning from

agricultural to industrialisation, have a significant impact on the damage profile. For instance, countries
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that still rely mostly on agriculture are not as vulnerable as those that rely substantially on
manufacturing. Kaushik et al. (2024) reached the same conclusion using panel data from 28 Asian
economies: rising temperatures hinder growth, but the poorest individuals suffer the most. To further
narrow the focus, ESCAP (2025) created the Agricultural Heat Stress Score. It paints a clear picture:
Bangladesh, Afghanistan, Pakistan, India, and Nepal are the countries most affected by climate change's
effects on agriculture. ESCAP's panel is currently a crucial empirical standard with macroeconomic

projections for thirty countries.

Agriculture stands out among sectors due to the richness and specificity of thedatain Asia. Citing
Welch et al. (2010) once more, we view rice as a climate barometer since yields rapidly decline when,it
is not at its ideal temperature. Concerns about food security and rural livelihoods are reinforced by the
IPCC's Sixth Assessment (2022), which uses a more comprehensive appreach but falls within the same
range and predicts non-trivial losses in staple yields. Other industries, such as labougyinfrastructure, and
tourism, have not been subjected to the same level of regional econometric analysis. However, labour
productivity is a significant factor that could account for half of all,economic losses in high-emissions

scenarios, according to projections from ADB (2024):

Despite being more recent, the financial aspectof climate adaptation is becoming more popular
as a field of study. Unwanted clarity on theseest gap is provided by the IEA's 2024 analysis: financing
green transitions is over twice as expensive in emerging Asia, with rates ranging from 8 to 9.4 percent,
compared to merely 5 to 6.5 percent in wealthiereconomies. ‘Causes are clear enough—higher sovereign
risk, thinner local capital markets, and little track recotd for green investment vehicles. Recent work by
Acheampong and Said (2024), along with Nguyen and Nguyen (2024), digs into what it takes for
adaptation spending te pull its\weight. They find the answer is not just more money, but better financial
markets and institutions. Where these are stronger, adaptation investments deliver bigger reductions in

climate riskss

This paper seeks to advance the discussion in a number of ways. First, it divides climate stress
inte four different physicalbchannels instead of directing all climatic consequences through the blunt
variable, of temperature. This method allows us to determine which climate changes have the greatest
economic impact ‘ahd where future adaptation expenditures will be most significant. Second, the
research does ‘more than just map losses; it directly quantifies the additional financial shot adaptation
will, require, understanding that high finance costs naturally impact which climate initiatives are
possible. Last but not least, the empirical work is based on a remarkably lengthy panel spanning 25
years, which encompasses the disruptive energy price rises that took place between 2021 and 2023 as
well as the economic shock brought on by COVID-19. This sweep provides a rare chance to assess
whether climate-economy relationships endure the strain of compounding global shocks, as opposed to

in a static "normal" year. The study's characteristics go beyond just updating earlier studies on the
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relationship between climate change and the economy by analysing where action is most needed and

what types of intervention are actually feasible given the local financial realities.

2. METHODOLOGY

This work's empirical model is supported by two related theoretical pillars. First, it makes use of
the linear panel damage function developed by Dell et al. (2012). By connecting a country's yearly
weather fluctuations to economic growth, their approach enables us to treat annual temperature variances
as good quasi-experimental variation. Therefore, we may read the coefficient on temperature, anomaly.
as showing the direct causal impact of a one-degree increase (in comparison to the historical standard)
on GDP growth while taking into consideration all of the country's permanent features through fixed
effects. The key idea here is that annual weather variations are unrelated to ‘and independent of short-

term economic behaviour or policy.

Burke et al. (2015) provide the nonlinear damage function as the second framework to elaborate
on this. By adding a squared term to the temperature variable, they allow thefmodel to represent a
hypothetical inverted-U shape in the link between heatrand productivity. Ifi ether words, this suggests
that productivity can rise with temperature up to a'certain limit, after which more warming becomes
harmful and may rapidly get worse. Each degree that the squared and linear factors are both negative
has an adverse effect on economic growth. Due to its numereus policy ramifications, this functional
form difference is more than just.ammathematical ‘curioSity. The Ramsey REST test is used in the
empirical technique to assess whether the data justify adding the quadratic element. The test's rejection
of the linear specificationgprovides ‘compelling evidence that the relationship in the real world is

nonlinear.

But there are other factorsias well. Sea level rise, precipitation variability, and the frequency of
extreme weather events,afe the three ' main channels into which this study divides the effects of climate
change. It accomplishes this, by utilising data from Monioudi et al.'s latest ESCAP (2023) study (2025).
Theseproblems are viewed as distinct issues rather than vague stand-ins for "climate change" in general.
Thistapproach makes it possible to analyse sector-specific vulnerabilities in much more detail. For
mstance; whereasyagriculture is most susceptible to changes in temperature and precipitation, tourism

and coastal infrastructure are immediately affected by rising sea levels and more frequent storms.

A/balanced panel dataset that covers 30 Asia-Pacific economies from 2000 to 2024, yielding 750
country-year observations, serves as the empirical basis for the research. South Asia, Southeast Asia,
East Asia, Central Asia, and several Pacific small island states are among the subregions included in the
nation selection, which closely corresponds with the macroeconomic vulnerability assessment from
ESCAP (2023). For a more thorough comparative analysis, countries are grouped according to their
World Bank income: nine high-income, twelve upper-middle-income, and nine lower-middle or low-

income economies. Furthermore, over 20% of the population resides within 100 kilometres of the coast
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in 17 of the 30 sample countries, which are coastal or island states. This emphasis draws attention to the

particular risks that coastal towns face due to increasing sea levels and more powerful storms.

Macroeconomic metrics from the World Bank World Development Indicators (2024), like GDP
per capita growth and agriculture value-added growth, are our main dependent variables. Climate data
is treated equally: temperature anomalies are provided by NASA GISS (2024), precipitation changes
are provided by ECMWF's ERAS reanalysis, extreme weather events are provided by EM-DAT (2024),
and sea level rise figures are provided by the Copernicus Marine Service (2024). The model calculates
green transition finance costs using the IMF's sovereign risk-adjusted cost of capital €stimates. (IEA,
2024). Control factors that affect our understanding of the economic environment include the (log)level
of GDP per capita, trade openness, investment as a percentage of GDP, avetage government spending,

and the development of the financial sector (Rubin, 1987; IMF FinancialiDevelopment Index, 2024).

Table 1. Sample Structure and Data Coverage

Category Description Value
Sample Period Observation years 2000-2024
Number of Countries Asia-Pacific economies 30
Total Observations B panpl qountry-year 750
observations
High-Income Economies World'Bank ¢lassification 9
Upper-Middle-Income Economies World Bank classification 12
Lower-Middle & Low-Income Economies Wotld Bank classification 9
. p o .
Coastal & Island Economies Countries with >20% population 17

within 100 km of coastline
The following Table 2 summarises the key variables. A few salient points: The mean annual
temperature anomaly for the observed years i5 0.51°C (SD: 0.43°C), with a tendency towards higher
values. This is consistent with the trend of rapid warming, especially in the latter part of the sample. The
average annual growth rate of agriculture is 2.76%, although it is highly variable (SD: 4.38%), indicating

how much the sector'syproductivity ishimpacted by yearly shocks like storms and droughts.

GDPG'measures GDP per capita's annual growth rate (in percentage terms). The annual growth

in agficultural valuedadded,is measured by AGVA (also in percent).

Regarding climate variables, TEMP is each nation's average annual surface temperature anomaly
(in°C) inrelation to'the baseline from 1951 to 1980. For the quadratic (nonlinear) models, TEMP?, the
squared variant, is used. PREC calculates the annual precipitation percentage departure from a rolling
30=year average baseline. EWE is a straightforward count of the number of extreme weather events that
occureach year; an event only qualifies if it is severe enough (at least 10 fatalities or 100 impacted
individuals, according to the EM-DAT criteria). SLR uses satellite data to measure the yearly rise in sea

level in millimetres.

According to IEA (2024), the risk-adjusted capital cost of switching to renewable energy at the

national level is captured by the GFCOST variable, green transition finance cost. This variable allows
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us to investigate whether and how national adaptability and resilience are impacted by the cost of green
finance, an issue that is becoming more pertinent as the energy revolution picks up speed. The list of
control variables fills out the economic backdrop: LGDP (log GDP per capita at PPP), TRADE (trade
as a share of GDP), GCF (gross capital formation as percent of GDP), GOV (general government
spending as percent of GDP), and FDI_F (Financial Development Index).

Table 2. Descriptive Statistics of Main Variables

Variable Mean Stalfdz}rd Interpretation
Deviation
Temperature Anomaly (TEMP) 0.51°C 0.43°C ddicates an agecleratifg
warming trend
Agricultural Value Added Growth (AGVA) 2.76% 4.38% Rggh volaiiy in RegigHltural

output

Frequent climate-related

Extreme Weather Events (EWE) 3.84 events — .
disasters

The basic estimation is based on a two-way fixed effects panel regression miodel that accounts for
both country-specific and year-specific effects in ordemte, separate’thesimpagct of climate and structural
variables on economic outcomes across the large Asia-Pacific sample. By enabling us to distinguish
between persistent national traits and worldwide trends, the ‘model framework guarantees a more

accurate analysis of how climate dangers/and ecenomic foundations evolve.

GDPGy = 0.+ Bi TEMP; + BAEMP, + BSPREGh+ BiEWE, + PsSLRi + BsGFCOST + yXi + i +
}\/t + Sil (1)

where A, captufes year fixed effects that absorb common annual shocks like the global financial
crisis, COVID-19;and shared commodity price cycles, and p; captures country fixed effects that absorb
all time-inyasiant country-specific characteristics, such as geographic endowments, historical
institutional legaciesyand structural economic composition. The vector of control variables is called Xi;.
It isexpected that,dépendinig on the fixed effects, the error term &; has no correlation with the regressors.
For both the.entire'sample and income-stratified subsamples, equation (1) is estimated independently.
The agriculture sector specification maintains the same structure but substitutes AGVA for GDPG as

the dependentyariable:
AGV A= o+ i TEMPi + 2TEMP? + BsPRECi + BaEWEi + BsSLRi: + yXic + Wi + A + it 2)

The analysis begins with the Pesaran (2004) cross-sectional dependence test, which looks at
whether residuals across panel countries move together. Given the Asia-Pacific region's shared
susceptibility to trade shocks and climate change, cross-sectional reliance is nearly a guarantee. This is
crucial because if these regional shocks were ignored, the standard errors and, finally, the inference

would be distorted. Next, to find differences in error variance between countries, the Modified Wald
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test (Greene, 2000) searches for groupwise heteroscedasticity. The robust rejection of homoscedasticity
is consistent with the region's diverse economies, which vary from island republics to continental giants
and are all susceptible to different macro and sectoral volatilities. The Wooldridge (2002) test then
checks for first-order serial autocorrelation, a common feature in macro panels. If present, we expect
residuals from one period to influence the next—a product of inertia in both climate shocks and policy

responses.

The Hausman (1978) test has historically been used to reconcile disagreements between the fixed
and random effects theories. It is not unexpected that the significant test result“if, this)instance
significantly favours the fixed effects estimator and rules out random eftects brought on by correlation
between unobserved heterogeneity and the regressors, given the sample'shinstitutionals and
developmental variability. The identification of both heteroscedasticitysand cross-sectional dependence
supports the use of Panel-Corrected Standard Errors (PCSE), in compliance with, Beck and Katz's
methodology (1995). This robust estimating method ensures reliable inference even in the presence of

such complex error patterns.

The analysis then applies system-GMM estimation,_tolidynamic persistence in GDP growth
(Arellano & Bond, 1991; Blundell & Bond, 1998). By, incorporating a lagged dependent variable that
forecasts present growth based on its own historical values, this method explicitly replicates the inertia
in economic growth. This results in endogeneity, which System-GMM addresses via lag levels and
differences. The instrument set is' compacted in lineywith' Roodman (2009) to avoid overfitting, a
commonly overlooked but essential step when working with panels that are not very large. The pre-
diagnostics had previously indicated “ajchallenging statistical landscape—complex error structure,

significant persistence, and awariety of shocks—and the complexity of the data did not disappoint.

Table3. Pre-Estimation Diagnostic Tests

Test Statistic p-value Result
Pesaran CD\Test(GDP Equation) 17.84 <0.01 Cross-sectional dependence exists
Pesaran'CD Test (Agriculture Equation) 19.21 <0.01 Cross-sectional dependence exists
Modified Wald Test 2413  <0.001 Heteroscedasticity detected
Wooldridge Test 34.7 <0.001 Serial autocorrelation detected
Hausman Test 68.4 <0.001 Fixed effects preferred
Ramsey RESET Test 4.84 0.018 Nonlinear specification justified

The region's systemic vulnerability is supported by the extremely high Pesaran CD statistics of
17.84%0or GDP growth and 19.21 for agriculture: economic shocks propagate concurrently throughout
the Asia-Pacific region. The Modified Wald and Wooldridge statistics, both of which have p-values far
below 0.001, highlight the combined issues of heteroscedasticity and serial autocorrelation. The
Hausman test unmistakably favours fixed effects (3> = 68.4, p <0.001), demonstrating the necessity of
removing unobservable elements that interact with climate shocks, such as historical institutions,

geography, or policy frameworks. To put it another way, this is hardly a complimentary lunch with

134



ICOAEF-XV International Conference on Applied Economics and Finance
May 11"-12", 2026 / Bishkek- KYRGYZ REPUBLIC

uncertain consequences. A challenging problem is model specification. The absence of nonlinearities in
the Ramsey RESET test justifies the inclusion of quadratic temperature variables. This is not only a
statistical formality because the GDP of the area reacts to temperature changes in a nonlinear,
accelerating way rather than a straight line. If this curvature were overlooked, the economic costs of

greater temperature anomalies would be greatly underestimated.

3. RESULTS

The model results show that temperature (TEMP) and its square (TEMP?) are.both negative and
significant. This implies that the dependent variable decreases as the temperature inereases,iand that this
decrease occurs more rapidly. Overheating has a negative macroeconomicfimpaet on worker health,
agricultural output, and productivity. Precipitation (PREC) is advantageousiand significantdenough
rainfall encourages economic activities (such as hydroelectric powerland agriculture). Extreme weather
events (EWE) and sea level rise (SLR) both have negative coefficients for economic-losses: supply
networks are interrupted, and infrastructure is harmed by stormsy,floods, and coastal erosion. The cost
of green finance (GFCOST) is negative, indicating that the financing necessary for decarbonization is a
cost factor that reduces economic production in the short tésm. The notable and high value of the log
GDP (LGDP) coefficient is 1.214. This indicates that,economic expansion increases the dependent
variable (such as emissions or energy consumption) moreythan proportionately since the dependent

variable's income elasticity is greater than one.
Table 4. Baseline GDP Growth Results (Preferred Nonlinear PCSE Specification)

Std.

Variable Coefficient Error Significance
TEMP -0.912 0.198 Hokk
TEMP? —0.541 0.214 *E
PREC 0.031 0.013 woH

EWE -0.271 0.049 Howk
SLR —0.389 0.127 Howk

GFCOST —0.184 0.047 Hokk
LGDP 1.214 — Hokk

ok p <0.01
ok p <0.05

While the strong positive effect of LGDP emphasises that economic development is directly
linked to energy access, production capacity, and increased welfare, wealthy nations' ability to allocate
more resources to climate adaptation and the positive PREC demonstrate how well-managed water
resources support agriculture and energy production, presenting favourable climate conditions as an
economic opportunity. Nonetheless, the negative coefficients of TEMP, TEMP?, EWE, and SLR
demonstrate that climate change poses a serious threat to macroeconomic stability, including GDP

losses, migration, and infrastructure destruction, especially in poor countries. Additionally, the negative
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value of GFCOST indicates that the green transition puts pressure on short-term growth, that high
financing costs can deter investment and slow down the energy transition, and that policymakers must
choose between environmental sustainability and short-term growth objectives. Overall, the model
shows that although economic expansion can somewhat counteract the detrimental effects of climate
factors, the expenses associated with green finance and harsh weather can ultimately lead to
unsustainable results. Consequently, it suggests promoting inexpensive investments in climate-resilient

infrastructure and renewable energy.

The agricultural industry has the most dramatic story. Here, the consequencesiof temperature
anomalies are exacerbated; a 1.5°C anomaly, with a coefficient on temperature of -1.834 and\a quadzatic
term of -0.991, affects agricultural value-added growth by around five percentage points. Beeause
agriculture still contributes significantly to GDP in the most vulnerablereountries, thesesectoral shocks
have a domino effect on macroeconomic outcomes. Water is far more significantyin agriculture; the
positive effects of precipitation are more than twice as great as those of overall GDP growth (0.073).
Extreme weather events have the most negative impact on agriculture (—0.474), which is akin to the
destruction caused by catastrophes like the Remal stofimnin 2024, which entirely submerged millions of
hectares of cropland. In this scenario, physical climate shocks'become a lived experience rather than an

idea.

Table 5."Agricultural Sector Results

Variable Coefficient Std. Error Significance
TEMP ~1.834 0.318 Rk
TEMP? —0.991 0.284 ok
PREC 0.073 0.022 ok
EWE —0.474 0.084 ok

Agriculturaligrowth is not statistically significantly impacted by green finance costs; rather, the
barriers to immediate output seem to be more closely associated with expenditures in technology and
adaptability than with within-year credit constraints. These structural problems may still have a big
impact onythe meditim future because agricultural output will ultimately depend on irrigation, seed
technology, and infrastructure investment—all of which are sensitive to financing costs yet evolve over
years, rather than“single cycles. The key findings are then confirmed by several robustness tests.
Regardless ofiwhether the analysis substitutes, the temperature and quadratic effects continue to be
significant in both sign and size. Driscoll-Kraay standard errors for PCSE use a different temperature
dataset, eliminate the pandemic years, or compute system-GMM to explicitly characterise persistence.
The GMM model also demonstrates significant dynamic persistence in GDP growth. The instrument's
validity is not questioned by the Hansen test, and there are no indications of unexplained serial
correlation in the residuals. Since eliminating pandemic years has no appreciable impact on the

coefficients, worries that the core climate estimations are influenced by recent shocks are eliminated.
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Even if the Berkeley Earth series were replaced with NASA GISS temperature data, the key findings

would not change.

Table 6. Robustness Check Results

Robustness Specification Main Finding
Driscoll-Kraay Standard Errors Results remain statistically significant
System-GMM Estimation The temperature effect slightly weaker but sighificant
Excluding Pandemic Years (2020-2022) Coefficients remain stable
Alternative Temperature Dataset Similar coefficient magnitudes.obtained

Table 6 presents robustness analyses. The fact that the key conclusions hold when other data sets
and econometric methods are used shows how reliable the model's results aref When,the pandemic years
are removed, the coefficients that are largely kept demonstrate that the climate\effects are unaffected by
the temporary shocks caused by COVID-19. When everything is said and'done, eur research paints a
bleak picture of the true costs that climate shocks impose across the Asia-Pacific region, particularly
among the most vulnerable populations. The evidence is not onlyystatistically significant, but it also has
significant ramifications, suggesting that unmanaged climateyrisks could worsen growth disparities and

threaten the progress that so many economies have struggledito make.

4. DISCUSSION

The main conclusion, which shows an average GDP growth drop of roughly 0.91 percentage
points for every degree increase in temperature anomaly throughout the entire Asia-Pacific sample, is
in line with findings from international studies. Burke et al. (2015) even suggest larger effects using
nonlinear specificationsgwhereas Dell etyal. (2012) find a coefficient of —1.0 for poorer nations. In
contrast, our estimat€makes sense in a dataset that includes both high-income and more vulnerable,
lower-income economies, although'being slightly lower. The regional average is pulled toward zero by
high-income®nations, which are less vulnerable to temperature shocks. However, the effect, now at —
1.74, is consistent with what,is found in international literature for nations with comparable levels of

dey€lopment if weaestrictthe research to low- and lower-middle-income economies.

According, to'the United Nations ESCAP (2023), the region's yearly economic losses due to
climate, change are estimated to be USD 924 billion, or 2.9% of GDP. With an average temperature
anomaly of 0.51°C and fewer than four extreme weather occurrences annually, the regression model
implies@n annual GDP growth loss of about 1.82 percentage points. When you multiply that deficit by
the GDP of the area, the annual lost output comes to over USD 890 billion. That is remarkably similar
to the damage estimate provided by ESCAP. In other words, two distinct approaches—direct damage
accounting and statistical panel regression—converge on comparable numbers, giving both strategies

additional legitimacy.
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The findings show an even more alarming picture when we isolate the agriculture industry. In this
instance, the estimated impact per climatic shock, or coefficients, is much higher than the averages for
the entire GDP. According to ESCAP's Agricultural Heat Stress Score methodology (the AHSS),
Afghanistan, Pakistan, India, Nepal, and Bangladesh are all considered urgently susceptible. The panel
results show more than just theoretical risk, even though crops like rice, wheat, and maize in those
countries are already regularly exposed to temperatures at or above their stress thresholds. Our.empirical
estimates confirm that agricultural output in those "high-risk" economies is being severely impacted, to
the extent that macroeconomic projections need to account for it. Cyclone Remal, which' struck
Bangladesh's rice-producing regions in 2024, serves as an example. In a country where rice makes up
around 15% of agricultural GDP, we estimate that a single severe event of thie observed severity would
cause an annual decrease in output of several percentage points. This is not an abstract statisticalartefact;
rather, it is entirely congruent with field assessments carried out on the ground. This implies that rural

people would face a real, immediate economic shock after such catastrophes.

One of the more creative contributions made here i§ the ditect measuremient of the cost barrier
imposed by green finance. Financial constraints operatelirrespective of actualyclimate consequences, as
evidenced by the GDP growth regression's negative, statistically significant coefficient on green finance
cost (GFCOST). Compared to OECD economies, borrewing costs for green transition projects are 2.5
to 3 percentage points higher in Southeast Asian economies: The higher costs of adaptation and
mitigation sometimes render theminaftfordable forigovermments and private investors in vulnerable

states, even in situations where suchiinvestments make perfect economic sense.

This financing shoztfall has a significant impact on global climate policy talks, especially with
regard to the recentlyscreated boss and Damage Fund, Climate Investment Funds, and the well-known
but underfunded Green Climate Fund. Since all these institutions mobilise money, vulnerable countries
essentially face a different—and significantly harsher—economic arithmetic than their wealthier
counterparts, butthey are'still far from reducing the cost discrepancy. Therefore, reducing the green
finan€ingycost differéncelby 1 percentage point would increase the affected economies' annual GDP
growth by/roughly 0.18 percentage points. That's a huge boost in the face of slow development and
ongoing vulnerability—much higher than what such investments would currently bring in developed

markets)

5. CONCLUSION

Asia-Pacific economies can no longer view climate change as a remote, unimportant problem
because its effects are already observable, measurable, and a contributing factor to broader economic
instability. Over the course of 25 years, the trends—worsening storms, rising oceans, and hotter years—
remain striking and constant across 30 economies. These are real issues that undoubtedly reduce yearly

GDP and agricultural output, not speculative dangers. Furthermore, the nations that are most vulnerable
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to climate change and have lower incomes suffer the most, losing the most and having the hardest time

adapting.

Three main conclusions can be drawn. First, the effects seem nonlinear: rising temperatures result
in economic losses that are not gradual but rather accelerate, underscoring the necessity of swift,
immediate reductions in emissions. The damage caused by temperature is six times more severe in the
poorest economies than in the wealthiest. This is not only about anticipated physical effeetsy it's also
about who can afford to act and who requires assistance according to their circumstances: Third, high
green finance costs pose a macroeconomic risk as well as a technical challenge for bankers. Adaptation
and regional growth will continue to slow unless the 2.5-3 percentage point financial gap between

Southeast Asia and the OECD closes.

It is becoming clear that policymakers have a deeper choicg: thehgrowing losses of inaction
outweigh the relatively small cost of adaptation measures. In the most vulnerable natiens, the sample-
average yearly growth deficits already significantly outweighswhat well-funded adaptation plans would
need. At this point, organised, well-funded adaptation is far less expensive and'less risky than inaction.
The fundamental issue is not whether adaptation "pays," but,rathef whether the region's institutional and
financial structure will eventually allow those investments to reach the/mations and industries that most

need them.
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THE EVOLUTION OF SOCIAL MEDIA’S IMPACT ON CONSUMER BEHAVIOR: A
LITERATURE REVIEW FROM A PSYCHOLOGICAL WELL-BEING PERSPECTIVE
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ABSTRACT

This study aims to examine the evolution of the impact of social media on consumer behavior
from a psychological well-being perspective. With the acceleration of digitalization, social media has
assumed a central role in individuals' communication, information access, and purchasing decision-
making processes. Based on a literature review, the study‘reveals that the impact of social media on
consumer behavior has developed in three main stages..In thefirst stage, consumer behavior was shaped
by information searching and electronic word-of-mouth communication, (eWOM), while in the second
stage, interaction, experience, and influencer influence came to thé forefront. In the current stage,
psychological well-being, social comparisom, and emotional processes have become the main
determinants of consumer behavior. The findings show thatsocial media affects consumer behavior not
only through cognitive but also through emotional and psychological mechanisms. Furthermore, the
study provides a comprehensive framework for<the multidimensional effects of social media by
integrating marketing dand\psychology “literature. In this context, the research makes significant

contributions from both theoretical and managerial perspectives.

Keywords: Social Mediaf Consumer, Behavior, Psychological Well-being, Digital Consumption,
Impulse Buying.

Jel Codes: M3 1, D94, L86:

1, INTRODUCTION

The aceeleration of digitalization has led to radical transformations in both communication and
consumption behaviors. The increase in digital media use, the expansion of social connections, and the
spread’of e-commerce have reshaped the ways individuals interact and make consumption decisions.
Current studies show that digital environments are transforming the ways individuals communicate, the
time spent on digital platforms is increasing, and interactions are becoming faster and more personalized.
Similarly, consumption behaviors have also changed in line with data-driven personalization,

convenience-oriented decision-making, and increasing dependence on digital platforms (Lemon and

* Assoc.Prof., Bandirma Onyedi Eylul University, Balikesir/Tiirkiye, E-mail: mkasoy@bandirma.edu.tr.
** Assoc.Prof., Bandirma Onyedi Eylul University, Balikesir/Tiirkiye, E-mail: dayhan@bandirma.edu.tr.
*** Prof. Dr., Manisa Celal Bayar Universitesi, Manisa / Tiirkiye, E-mail: arkuntatar@yahoo.com.

142


mailto:mkasoy@bandirma.edu.tr
mailto:dayhan@bandirma.edu.tr
mailto:arkuntatar@yahoo.com

ICOAEF-XV International Conference on Applied Economics and Finance
May 11"-12", 2026 / Bishkek- KYRGYZ REPUBLIC

Verhoef, 2016). The emergence of new e-commerce structures and the changing roles of consumers are

also among the important indicators of this transformation (Ryynénen and Hyyryldinen, 2018).

Within this transformation, social media has become a fundamental element at the center of both
communication and consumption processes. Social media has become one of the main platforms where
individuals interact, access information, and shape their purchasing decisions (Mangold and Faulds,
2009). Social media platforms have restructured forms of social interaction by reducing thedfmportance
of traditional face-to-face communication while bringing digital interaction to the forefront. In terms of
consumption, these platforms play a dominant role in shaping individuals' self-perceptions, preferences,

and consumption habits.

Initially emerging as a communication tool, social media has evolvediinto a powerful marketing
ecosystem over time. This transformation has been made possible by/shifting from traditional’one-way
communication to two-way communication based on reciprocal interaction between brands and
consumers (Kietzmann et al., 2011). Today, social mediagplatforms are not only) spaces for social
interaction but also integrated marketing environments that influence brand awareness, trust, and
purchasing decisions (Felix et al., 2017; Tuten andSolomon;2017). Empirical findings also show a
positive relationship between social media marketing “activities' and consumer purchasing
behavior (Hajli, 2014; Yadav and Rahmang2017). However, social media platforms are shaping all
stages of the consumer decision-making‘process. Consumers are increasingly turning to social media
when searching for information, fevaluating ‘alternatives, “and making purchasing decisions. User-
generated content, online reviews, and influencer recommendations reduce perceived risk and increase
trust (Hajli, 2015). Studie$ show that these factors significantly influence consumer perceptions and

increase purchase intention (Eskan and Evans, 2016).

Social mediaalso offers a dynamic environment where consumers interact with brands and share
their experieniees in realitime. This interactive structure has shifted power from businesses to consumers,
allowing consumersite, co-cteate brand narratives (Gensler et al., 2013). Consumers are no longer just
passive recipients)but active participants who consume, contribute to, and produce content (Muntinga
et al.;u2011)sThis ttansformation has led to elements such as electronic word-of-mouth, influencer
marketing, and consumer engagement becoming key factors in determining consumer behavior (Chu &
Kim, 20\ ; Cheung & Thadani, 2012; Vrontis et al., 2021). In recent years, the literature has increasingly
focused/on the effects of social media use on psychological well-being. Findings indicate that social
media‘has complex and bidirectional effects on psychological well-being. While some studies highlight
positive outcomes such as increased social connection and perceived social support (Verduyn et al.,
2017), others emphasize negative effects such as anxiety, depression, loneliness, and social
comparison (Valkenburg et al., 2021). Social comparison, the search for approval, and the need for
constant interaction emerge as key mechanisms affecting individuals’ psychological states (Vogel et al.,

2014).
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These psychological processes also appear to influence consumer behavior. Social comparison
and fear of missing out (FOMO) can trigger negative emotional states, increasing impulsive and
compulsive buying behaviors (Przybylski et al., 2013; Dhir et al., 2018). Similarly, social validation
mechanisms such as likes, comments, and shares shape individuals’ identity formation and consumption
preferences (Nadkarni & Hofmann, 2012; Turel et al., 2014). This demonstrates that consumer behavior
in digital environments is shaped not only by information and social interactions but also by
psychological processes. However, a significant limitation in the literature is noteworthy. Marketing and
psychological well-being studies are often treated separately, making it difficult e, undetstand the
holistic impact of social media on consumer behavior (Kietzmann et al., 2011; Yaday & Rahman;2017).
Furthermore, most existing studies focus on specific periods or limited varigbles,failing to adequately
address the transformation over time (Verhoef et al., 2015). Therefore, thereiis a need to address the
impact of social media on consumer behavior from an evolutionary perspective. This approach allows
for understanding the dynamic nature of digital environments as well as evaluating consumer behavior
within a broader theoretical and contextual framework (Lemon'& Verhoef, 2016). In this context, the
aim of this study is to examine the evolution of the impact of.social media en consumer behavior from
a psychological well-being perspective. The study aims to provide a holistic perspective on how social
media has shaped consumer behavior over time by)bringing)togéther marketing and psychology

literature.
2. CONCEPTUAL FRAMEWORK

2.1 The Concept and Development of Secial Media

Although the ceneept of social media has been extensively discussed in the literature, there is no
single, universally accepted definition. Early definitional studies focus on the common structural
elements of social mediad For example, Obar et al. (2015) identified four basic characteristics of social
media: Web 2:0-based applications, user-generated content, user-specific profiles, and the creation of
socialmetworks: Similarly; EI"Ouirdi et al. (2014) emphasized that despite numerous definitions, there
is nojdefinitional consensus in the literature and proposed a more comprehensive framework based on
communication theory. A comprehensive review conducted by Aichner et al. (2020) reveals the diversity
of definitionsyand conceptual approaches by analyzing 25 years of literature. McCay-Peet and Quan-
Haase (2017) state that the concept of social media only began to be widely used in the academic field

from the mid-2000s onwards.

Alternative approaches define social media from a more functional perspective. van Osch and
Coursaris (2013) define social media as technological tools that enable users to create content,
communicate, and develop social relationships. Kaplan and Haenlein (2010) describe social media
as a group of Internet-based applications that build on Web 2.0 and allow users to create and

exchange user-generated content. Despite the differences in definitions, there is a general consensus
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in the literature that social media enables user-centric, interactive, and participatory communication
processes. The most important difference between social media and traditional media lies in the structure
of information flow. While traditional media relies on a vertical and one-way communication model
where content is transferred from powerful organizations to passive consumers, social media offers a
horizontal and two-way communication process among users (Zahoor & Qureshi, 2017). This
transformation represents a radical paradigm shift in communication processes. Csordas et al. (2014)
emphasize that, in this context, businesses have had to reconsider their traditional one-way marketing
communication approach. It is also noted that consumers perceive social media as a meie reliablé source

of information compared to traditional marketing tools (Zahoor & Qureshi, 2017).

Structurally, social media consists of numerous interrelated components. Technologically based
on Web 2.0 infrastructure, these platforms enable the participationgof; large, audiences (Kaplan &
Haenlein, 2010). In terms of content, user-generated content constitutes a fundamental element (Kaplan
& Haenlein, 2010), while social networking features allow users to create profiles and develop
relationships (Boyd & Ellison, 2007). Furthermore, social media cammunication éxhibits a participatory
and collaborative structure, allowing for continuoustinteraction/ and, the“co-creation of value. The
development of social media has led to significant transformations in communication and information-
sharing processes. These platforms have reshaped how dividuals interact, access information, and use
it (Kietzmann et al., 2011). Social media is no)longer merelyfa tool for information transfer; it has
become an environment where usersiactively participate byyproducing and sharing content (Kaplan &
Haenlein, 2010). However, the literature alse, highlights that comparative analyses remain challenging
due to definitional differences and methodological issues (Aichner et al., 2020; McCay-Peet & Quan-
Haase, 2017).

2.2 Consumer. Behayvior

Consumery, behavior, is defined as a field that examines the decision-making processes of
individuals regarding the consumption of goods and services (Solomon, 2018; Schiffman & Wisenblit,
2015). Classical approaches to consumer behavior are based on the assumption that individuals are
rational decision-makers and explain consumption decisions through objective criteria such as price,
income, and, utility (Kotler & Keller, 2016). Traditional models such as Nicosia, Engel-Kollat-
Blackwell, and Howard-Sheth address the consumer decision-making process through the stages of need
recognition, information search, evaluation of alternatives, purchase, and post-purchase evaluation

(Blackwell et al., 2006).

Over time, these models have evolved to acknowledge that consumer behavior is influenced not
only by rational factors but also by emotional and psychological factors. This transformation has become
more pronounced, especially with digitalization. Digitalization has fundamentally transformed

consumer behavior, making it more dynamic, personalized, and shaped by social influences. Digital
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environments differ from classical consumer behavior with features such as frictionless transactions,
global reach, social integration, and data-driven personalization (Lemon & Verhoef, 2016; Wedel &
Kannan, 2016). Empirical studies show that consumers increasingly rely on digital advertisements,
online reviews, and platform-based information in their purchasing decisions (Cheung & Thadani, 2012;

Erkan & Evans, 2016).

Digital consumer behavior is defined as a process in which individuals interact with brafids, access
information, and make purchasing decisions through digital platforms. Stephen (2016) examines digital
consumer experiences through dimensions such as digital culture, advertising respofisesymobile usage,
and online word-of-mouth communication. However, the fact that a significant portion of the studies,in
the literature are based on surveys and conceptual analyses leads to a limited number of'largesscale

empirical findings.

Digital environments have also significantly changed consumers’ \information search and
evaluation processes. Consumers now heavily rely on digitalssources such as websites, blogs, and social
media when evaluating products and services (Cheung & Thadani, 2012). At the same time, consumer—
brand interaction has become more participatory and interactive, and brand personality and digital
interaction have played a significant role in shaping,consumer perceptions (Hollebeek et al., 2014;
Dessart et al., 2015). User-generated contentyand social‘interaction are among the important elements
that guide consumer behavior. The reliability ofithe information source, the similarity among users, and
the level of social interaction diréetly“influehce consumer decisions (Herrero et al., 2015). In this
context, digitalization has transformed consumer behavior into a more interactive, social, and dynamic

structure.

2.3 Psycholegical Well-being

Psychological well*being is defined as a multidimensional concept encompassing an individual's
positive functioning, life satisfaction, and emotional health. One of the most influential approaches in
this fieldyis the ‘model developed by Ryff (1989). According to this model, psychological well-being
consists of six core dimensions: self-acceptance, positive relationships with others, autonomy,
environmental mastery, purpose in life, and personal growth. This model has been further validated by
subsequent studies and has become a fundamental reference point in the literature (Ryff & Keyes, 1995).
Hewever, the concept of psychological well-being has not reached complete consensus in the literature.
Researchers commonly distinguish between hedonic well-being, which focuses on happiness and life
satisfaction, and eudaimonic well-being, which emphasizes meaning and self-realization (Ryan & Deci,
2001). Furthermore, psychological well-being differs from related constructs such as mental health and
subjective well-being in terms of scope, measurement, and temporal dimensions (Diener, 1984; Keyes,

2002; Cooke et al., 2016).
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Theoretical approaches explaining psychological well-being can be broadly classified into
process-based, judgment-based, and multidimensional approaches. These include goal-based theories,
adaptation theories, and top-down/bottom-up perspectives (Diener, 1984; Diener et al., 1999). Ryff’s
model, however, offers a holistic framework by integrating these different perspectives into a
multidimensional structure of psychological functioning (Ryff, 1989; Ryff & Keyes, 1995).
Psychological well-being is gaining increasing importance in the consumer behavior literature.
However, due to conceptual and measurement differences, a unified and holistic framework remains
limited (Diener et al., 1999; Sirgy, 2012). Contemporary studies conceptualize psycholegical'well-being
through emotional, cognitive, and social dimensions, linking it to constructs such as identity, social
connection, and interpersonal interaction (Ryan & Deci, 2001; Keyes, 2002). In‘a,digital context, the
effects of social media use on psychological well-being are complex and multidimensional. [Lasge-scale
studies indicate that the overall effects of social media use are generally small but vary\depending on
how these platforms are used (Orben & Przybylski, 2019; Valkenburg et al.,;2021). Moderate use can
enhance social connection and well-being, whereas excesSivelise has been asseCiated with negative
outcomes such as anxiety, depression, and social isolation (Twengex& Campbell, 2019; Kross et al.,

2013).

Psychological well-being also influences consumer, behavior. Research suggests that individuals
with higher levels of well-being are more likely to engage impeXperiential and prosocial consumption
behaviors, including sustainable conSumption (Van‘Beven & Gilovich, 2003; Brown & Kasser, 2005).
Emotional states directly affect consumer deeisions, with positive emotions increasing the tendency to
purchase, while negative emotions may,lead to avoidance or impulsive consumption behaviors (Rook
& Gardner, 1993; Verplankenet al., 2005). Taidigital environments, psychological well-being influences
consumption behayiors both diréetly and indirectly. In particular, emotional and psychological states
have been shown toimediate the relationship between online stimuli (e.g., social media content and
advertising) ‘andyconsumer, responses (Yadav & Rahman, 2017; Erkan & Evans, 2016). Furthermore,
psychelogical ‘Wwell-being is‘recognized as an important determinant in sustainable consumption

behaviors and online purchasing processes (White et al., 2019; Hwang & Kim, 2018).
3. CITERATURE'REVIEW

The Evolution of Social Media and Consumer Behavior

The impact of social media on consumer behavior has changed significantly over time, evolving
from a simple communication tool into a dominant force influencing all stages of the consumer decision-
making process. Early social networking platforms such as SixDegrees and Friendster primarily
facilitated online interaction, while later platforms like Facebook and Twitter expanded information
sharing and increased user engagement (Boyd & Ellison, 2007; Kaplan & Haenlein, 2010). During the

same period, the transition from traditional retail to e-commerce accelerated, and consumers
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increasingly relied on online information sources—particularly user reviews and experiences—before

making purchasing decisions (Dellarocas, 2003; Cheung & Thadani, 2012).

With the development of digital technologies and the widespread adoption of smartphones, social
media has become an integral part of consumer behavior. In this process, influencer culture, online
communities, and personalized content delivery have emerged, reshaping how consumers interact with
brands (Kaplan & Haenlein, 2010; Stephen, 2016). Empirical studies indicate that secial media
influences consumer behavior through mechanisms such as product awareness, social proof,
promotions, and influencer marketing (Hajli, 2014; De Veirman et al., 2017; Yaday & Rahman, 2017).
However, the literature largely remains descriptive, and long-term empirical studies that\measureythe

magnitude of this transformation over time are still limited (Stephen, 2016; Lemon'& Verhoef, 2016).

3.1 Early Period: Information Seeking and eWOM (2005-2015)

In the early stages of social media development, consumer behavior\was largely shaped by
information seeking and electronic word-of-mouth (eWOM). Social media platfofms and online review
systems emerged as alternative information sources tostraditional marketing Communication. Consumers
increasingly turned to user-generated content, reviews, and recommendations when evaluating products
and services (Dellarocas, 2003; Hennig-Thurau et al., 2004). Empirical findings show that early internet
users exhibited different behavioral patterns compared to latersisers. For example, Chen et al. (2011)
demonstrated that the relationship between productprice andithe tendency to write reviews evolved over
time. Similarly, studies indicate that, consumers increasingly began to rely on social media and online
platforms as primary soure€s of information ‘prior to purchase, while the importance of traditional

information sources deglinedy(Cheung & Thadani, 2012; Erkan & Evans, 2016).

During this{period, electronic word-of-mouth communication (eWOM) played a critical role in
consumer decision-makifig. The literature shows that eWOM has strong effects on consumer
perceptions, trustiyand purehase intentions. These effects vary depending on factors such as source
credibility, message«valeénce, and consumer involvement (Cheung & Thadani, 2012; Filieri, 2015).
Furthermore, the volume and adoption of eWOM are significant determinants of purchasing behavior
(Duan etal., 2008): In addition, online reviews have become a fundamental mechanism in the formation
of consumer tsust. Research indicates that consumers often perceive online reviews as more credible
than firm-generated information (Bickart & Schindler, 2001; Park et al., 2007). The content, accuracy,
and ‘positive or negative valence of reviews directly influence consumer decisions; positive reviews
increase purchase likelihood, whereas negative reviews can deter consumers (Chevalier & Mayzlin,
2006). In this context, this period is characterized by an information-driven and risk-reduction-oriented

consumption pattern.

3.2 Development Period: Interaction and Consumption (2015-2020)
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The development period represents the transition from information-based consumption to
interaction-based consumption. During this period, social media platforms have evolved into interactive
environments that enable real-time and two-way communication between consumers and brands. This
transformation has fundamentally reshaped consumer—brand relationships, turning consumers from
passive recipients into active participants (Kaplan & Haenlein, 2010; Kietzmann et al., 2011). Research
shows that platforms such as Facebook, Instagram, and Twitter facilitate direct communication between
consumers and brands and contribute to strengthening emotional connections (Mangold & Faulds, 2009;
Dessart et al., 2015). Labrecque (2014) emphasizes that parasocial interaction has significant effects on

brand loyalty and information sharing.

During this period, influencer marketing has emerged as one of the mostyimportant factors
influencing consumer behavior. Studies indicate that influencers significantly affect brand awareness,
trust, attitudes, and purchasing behavior (De Veirman et al., 2017; Lou'& Yuan, 2019). The effectiveness
of influencer marketing largely depends on factors such as credibility, authenticity, and perceived
similarity. In particular, micro-influencers tend to generate higherengagementdevels (De Veirman et
al., 2017; Djafarova & Rushworth, 2017). However,tethical,_concerns related to transparency and

trustworthiness have also been highlighted in the literature (Evans et al,, 2017).

In this period, consumer interaction and experience are shaped through cognitive, emotional, and
behavioral dimensions. Hollebeek et“al. (2014) conceptualize consumer engagement as a
multidimensional construct encompassing cognitive )processing, emotional connection, and active
participation. Content characteristicsyperceived value; and community dynamics are key determinants
of engagement levels (Bredie et al., 2013; Dessait et al., 2015). Furthermore, a defining feature of this
era is the influence of socialimedia on impulsive buying behavior. Several studies demonstrate that
social media use ificreases impulsive purchasing tendencies (Verhagen & van Dolen, 2011; Zhang et al.,

2018). This suggests that‘consumption’has become more experiential and spontaneous.

3.3 Current Period: Psychological Well-being and Consumption (2020—Present)

In the current period, the literature focuses not only on the behavioral but also on the
psychological effeets of social media. In this context, the relationship between social media use and
psychologicabwell-being has become an important area of research. Empirical findings indicate that the
effects of social media on psychological well-being are complex and bidirectional. Large-scale and
meta-analytic studies suggest that there is generally no substantial association between overall social
media use and well-being, although small effects have been identified for anxiety, depression, and social
well-being (Orben & Przybylski, 2019; Valkenburg et al., 2021). Other studies highlight both positive
outcomes, such as enhanced social connection, and negative consequences, including loneliness,

cyberbullying, and social comparison (Verduyn et al., 2017; Kross et al., 2013).
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Social comparison processes stand out as one of the fundamental mechanisms influencing
consumer behavior during this period. Exposure to idealized representations of others’ lives on social
media increases feelings of inadequacy and shapes consumption decisions (Vogel et al., 2014; Steers et
al., 2014). This can lead to increases in conspicuous, impulsive, and compensatory consumption
behaviors. Digital addiction and intensive social media use further reinforce these effects. Research
shows that heavy social media use is associated with materialism, fear of missing out (FoMO), and

compulsive buying behavior (Przybylski et al., 2013; Dhir et al., 2018; Wang et al., 2018).

Furthermore, the literature highlights the relationship between psychological well-being and
consumption types. Individuals with higher levels of well-being tend toward experiential and\sustainable
consumption, whereas lower levels of well-being are associated with materialistic and impulsive
consumption patterns (Van Boven & Gilovich, 2003; Brown & Kasser, 2005; White, et'al., 2019;
Seinauskien¢ et al., 2016). This indicates that psychological well-being determines fiet only the quantity

but also the type of consumption.

The literature clearly shows that the impact of sociallmedia on consumer behavior has evolved
through different mechanisms across periods. The fifst peried focused on information seeking and trust-
building processes, while the second period represented a transition to interaction- and experience-based
consumption. In the current period, consumer behavion, is examined together with psychological
processes. A holistic perspective reveals ‘that the behavioral and psychological effects of social media
are not independent but complementary. Fhes¢ etfects vary not only depending on the frequency of use
but also on the purpose of use, emotienal engagement; and individual motivations (Bekalu et al., 2019;
Valkenburg et al., 2021)./Therefore, understanding the impact of social media on consumer behavior
requires a multidimensionaliapproach that integrates informational, interactive, and psychological
factors. This approach provides ‘@aymore comprehensive explanation of the dynamic nature of digital

consumption,behavior.

4. DISCUSSION

The /findings of this study reveal that the impact of social media on consumer behavior has
undergone, a significant transformation over time, encompassing not only behavioral but also
psycholoegicalhdimensions. Evidence from the literature shows that in its early stages, social media
primarily influenced consumer decisions through information seeking and electronic word-of-mouth
commitnication (eWOM). This is consistent with studies demonstrating that consumers rely on user-
generated content to reduce uncertainty and build trust (Bickart & Schindler, 2001; Hennig-Thurau et
al., 2004).

With the transition to developmental stages, the role of social media has evolved from being
merely an information provider to an interaction-based structure. This transformation can be explained

by the shift of consumers from passive information recipients to active participants (Kaplan & Haenlein,

150



ICOAEF-XV International Conference on Applied Economics and Finance
May 11"-12", 2026 / Bishkek- KYRGYZ REPUBLIC

2010; Kietzmann et al., 2011). The rise of influencer marketing and the growth of parasocial interactions
have made consumer—brand relationships more emotional and experiential (De Veirman et al., 2017;
Labrecque, 2014). These findings support approaches suggesting that consumer engagement consists of

cognitive, emotional, and behavioral dimensions (Hollebeek et al., 2014).

One of the most important contributions of this study is the evaluation of the impact of social
media on consumer behavior within the context of psychological well-being in the current périod. The
findings indicate that social media has bidirectional effects on psychological well-being and that these
effects are directly reflected in consumer behavior. In particular, mechanisms such ag'social comparison,
fear of missing out (FOMO), and digital addiction appear to increase impulsive and compulsive buying
behaviors (Vogel et al., 2014; Przybylski et al., 2013; Dhir et al., 2018). This suggests. that social media

triggers not only rational but also emotionally and psychologically drivemconsumptionprocesses.

However, the positive effects of social media should not be overlooked: Elements(such as social
connection, perceived support, and a sense of community camenhance psychologicalywell-being, which
is associated with a shift toward more conscious and sustainable ‘consumption behaviors (Verduyn et
al., 2017; White et al., 2019). This finding is consistentiwithistudies demonstrating the relationship
between psychological well-being and consumption typesi(Seinauskiené et al., 2016). Another
important finding is that marketing and psyehological well-being studies are often treated separately in
the literature, making it difficult to understand the holistic impact of social media on consumer behavior
(Kietzmann et al., 2011; Yadav &/Rahman, 2017). Furthermore, the predominance of cross-sectional
and short-term studies limits the ability to capture the‘evolution of social media effects over time (van

Osch & Coursaris, 2014; Jlemon & Verhoef, 2016).

In conclusiongthis study.demonstrates that the impact of social media on consumer behavior has
evolved through three main stages.)n the first stage, an information-driven structure dominated, with
consumers relying primarily on information seeking and electronic word-of-mouth communication. In
the second stage, ampinteraction- and experience-oriented transformation emerged, with consumers
begdming active patticipants and forming stronger emotional connections with brands. In the current
stage, psychological processes have become central, with factors such as social comparison, emotional
statesy and psychological well-being directly influencing consumer behavior. This three-stage structure
clearly illustrates that social media is transforming consumer behavior into an increasingly complex,

dynamig, and multidimensional phenomenon.

5. CONCLUSION

This study aims to make a holistic contribution to the literature by examining the evolution of
social media's influence on consumer behavior from a psychological well-being perspective. The
findings reveal that social media has transformed over time from a simple communication tool into a

multidimensional ecosystem affecting all stages of consumer decision-making processes. The study
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shows that the influence of social media on consumer behavior has developed in three main stages. In
the first stage, information seeking and trust-building processes were prominent, while in the second
stage, interaction, experience, and brand relationships gained importance. In the current stage,
psychological well-being, social comparison, and emotional processes have become the fundamental
determinants of consumption behavior. This finding demonstrates that digital consumption behavior is

based not only on cognitive but also on emotional and psychological foundations.

Theoretically, the study combines marketing and psychology literature to address the impact of
social media on consumer behavior within a broader framework. This integrative approach reduces the
fragmentation in the literature, contributing to a more comprehensive understanding. In particulatythe
emphasis on the role of psychological well-being in consumer behavior offers a‘significant area of
research for future studies. From a managerial perspective, the findings,demonstrate that businesses
should develop social media strategies that are not solely focused on interactionjand sales, but also
consider the psychological well-being of consumers. Marketing approaches that_take into account
consumers' emotional and psychological needs can contribute to‘building morefsustainable and long-

term customer relationships.

However, this study has some limitations. Because it 1S'based on a literature review, it does not
include empirical findings, and the heterogencous nature.of existing studies may limit generalizations.
Furthermore, the limited number of long-term and comparativestudies in the literature makes it difficult
to more clearly reveal how the effécts ofisocial'media ¢hange over time. For future research, empirical
studies examining the effects of soeial media use patterns on psychological well-being in different
cultural contexts are recommended. Additionally, longitudinal studies will offer the opportunity to
analyze the transformation ofithe impact of social media on consumer behavior over time in greater
depth. In conclusion, understanding the relationship between social media and consumer behavior
requires a multidimensional approach that considers information, interaction, and psychological
processes togethety This ‘study makes a significant contribution to the literature by presenting this

approach:
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TURKIYE iKTiSADi SAVUNMA PLANI OLCEGINDE TOPRAK MAHSULLERI VERGISI
Yavuz USTA”

OZET

Tiirkiye, Ikinci Diinya Savasi'na dogrudan katilmamistir. Ancak ¢catismanin siyasi, ekonomik ve
sosyal sonuglarindan derinden etkilenmistir. Bu sebeple de iilke bir savas ekonomisi rejimi ‘benimsemek
zorunda kalmigtir. Seferberlik ilani sebebiyle erkek isgiictintin 6nemli bir kisminin firetimden ¢ekilmesi
ekonomiyi darbogaza sokmustur. Ayrica artan askeri harcamalar, daralan ithalat, enflasyon, karaborsa
faaliyetleri ve gida tedariki sorunlari da devlet ve ekonomi iizerinde olaganiistii biribask: yaratmistir.
Bu kosullar altinda hiikiimet de savunma harcamalarin finanse etmelyve “ordunun e buyiik kent
merkezlerinin iasesini (beslenmesini) giivence altina almak ve de ekonomik istikrartkorumak amacryla
giiclii bir deviet miidahalesine dayanan bir ekonomik savunma stratejisi gelistirmistiv. Bu ¢cercevede
Milli Korunma Kanunu, Toprak Mahsulleri Ofisi'nin faaliyetleri, Warlik Vergisi ve Toprak Mahsulleri
Vergisi, savas donemi ekonomi yénetiminin temelfaraglari-haline gelmistiv. Bu tedbirler arasinda
Toprak Mahsulleri Vergisi de dogrudan tarim sektoriinii hedef.almasive kéyliileri ekonomik savunma
planinin mali yapisina dahil etmesi nedeniyle ozellikle énemli bir yere sahiptir. Verginin ayni yapisi
dolayisiyla dogrudan iiriinler iizerinden almmasi ve Osmanli donemi tarimsal vergilendirme
bigimlerine benzerligi vardwr. Bundan-dolayidwr ki vergi“bir¢cok cagdasimin ve daha sonraki donem
arastirmacilarmmn onu "ikinci asar®\olaralk nitelendirmesine yol agmustir. Toprak Mahsulleri Vergisi
Tiirkiye'nin ekonomik savufima plani ¢ergevesinde kisa vadeli mali ve lojistik amaclara hizmet etmistir.
Ancak ayni zamanda da.onemli olumsuz sonuglar da dogurmustur. Deviet-kéylii iliskilerini zayiflatmus,
tarimsal tiretim tégviklerinde diisiise katkida bulunmus ve kirsal toplumdaki siyasi hosnutsuzlugu

yogunlastirmstir.

Anahtar Kelimeleis, Toprak Mahsulleri Vergisi, Iktisadi savunma plam, II. Diinya Savasi, Milli

Koptimma K anunu, Varlik Vergisi.
JEL KodlariziN44, N54, N56.
AGRICULTURAL PRODUCTS TAX WITHIN THE SCOPE OF TURKIYE'S ECONOMIC
DEFENSE PLAN
ABSTRACT

Turkey did not directly participate in World War 1l. However, it was deeply affected by the
political, economic, and social consequences of the conflict. Therefore, the country was forced to adopt

a war economy regime. The mobilization caused a significant portion of the male workforce to withdraw
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from production, plunging the economy into a crisis. Furthermore, increased military spending,
shrinking imports, inflation, black market activities, and food supply problems created extraordinary
pressure on the state and the economy. Under these conditions, the government developed an economic
defense strategy based on strong state intervention to finance defense expenditures, secure the
provisioning of the army and major urban centers, and maintain economic stability. Within this
framework, the National Protection Law, the activities of the Agricultural Products Office, the Wealth
Tax, and the Agricultural Products Tax became the fundamental tools of wartime economic
management. Among these measures, the Agricultural Products Tax holds a partieularly important
place because it divectly targeted the agricultural sector and included peasants in the financial structure
of the economic defense plan. Due to its in-kind nature, the tax was levied direetly on products and
resembled the agricultural taxation methods of the Ottoman period. This is why the tax\led many of its
contemporaries and later researchers to describe it as the "second tithe." The Agricultural Products
Tax served short-term financial and logistical purposes within the framework of Turkiye's economic
defense plan. However, it also had significant negativel consequences. It \wedkened state-peasant
relations, contributed to a decrease in agricultural_produetion incentives, and intensified political

discontent in rural society.

Keywords: Agricultural Products Tax, Economic defenseplan, World War 11, National Protection Law,

Wealth Tax.

JEL Codes: N44, N54, N56

1. INTRODUCTION

World War II, betweenyl 939 and 1945, was not only a military conflict on a global scale. This
war was also a pefiod of total economic struggle in which states mobilized all their resources. Turkey,
through its strategic foreign policy moves, managed to remain effectively outside the hot conflict.
However, the country couldnot escape the political, social, and economic turbulence created by the war.
Thisegreat war, which took place outside its borders, forced Turkey to adopt a position of being "non-
combatant/but always ready for war." This difficult situation brought with it a severe "war economy"
regime that deeplyyshook the entire economic structure (Erul & Buz, 2020; Ozcan, 2020; Sener, 2004;
Dogangiin, 2025).

Due to the general mobilization declared with the start of the war, the young male population,
whichwas the greatest productive force of Turkey at that time, was withdrawn from the fields and moved
to the barracks. Due to this massive loss of workforce, agricultural production dramatically decreased,
supply narrowed, and a food (provisioning) crisis emerged. On the other hand, meeting the feeding and
logistical expenses of the growing army, eliminating the threat of hunger in urban centers, and curbing
rapidly rising inflation and the black market became the state's top priorities. Due to these extraordinary

circumstances, the National Protection Law enacted in 1940 abandoned liberal approaches in the
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economy and opened the door to a harsh state interventionism (Ozcan, 2020; Ozer, 2011; Sener, 2004,
Dogangiin, 2019). The aim of the "Economic Defense Plan" implemented by the government during this
period was to close budget deficits and finance defense expenditures by implementing radical tax
policies. The Wealth Tax, targeting urban merchants and wealthy individuals, was invented, and in
addition, the Agricultural Products Tax (TMV), designed as its rural equivalent and complement, was
put into effect. These taxes have been the most strategically critical links in these radical tax policies.
The Agricultural Products Tax (TMV), established in 1943 with Law No. 4429, was seen as a similar
tax to the "Asar" tax, which the Republic administration abolished in 1925 to alleviateithe heavy burden
on the peasantry. This is because, years later, it brought back the method of directly and eften imkind
(as product) collecting a share from agricultural products (Akman & Solak AKman;2011; Comakli, Koc,
& Yildirim, 2012; Eray, 2017; Dogangiin, 2024).

This study does not evaluate the Agricultural Products Tax solely as a source'of financial revenue.
On the contrary, it considers it as an institutional and social instrument of Turkey's wartime economic
defense plan. The main aim of the study will be to focus{on whyathe tax is described as the "Second
Asar" due to its method of collection in kind and itsfimplementation. Andhit will examine how this
practice damaged the political contract between the state andythe peasantry. In this context, the legal
basis of the TMV (Turkish Agricultural Tax) and the administrative difficulties encountered during its
implementation will be examined. And in this‘context, the Tasting effects of the tax on the rural social

structure will be analyzed in light of the,agriculturalpolicies)of the period.

2. TURKEY'S ECONOMIC DEFENSE STRATEGY DURING THE YEARS OF WORLD WAR
11

2.1. War E¢onomy, Production Loss and Food Supply Crisis

With ¢he,actual outbreak of the Second World War, Turkey quickly declared general mobilization
in the face of the intense military threat it felt on its borders. With mobilization, the army's strength was
increased to approximatelysone million people. This situation had very difficult consequences for the
Turkish econemy, which provided more than half of the national income at that time and was largely
based, on“human ‘and animal power. Because with the dramatic withdrawal of the most productive
agricultural workforce from the fields, economic and agricultural activities were put under great strain.
Within the scope of mobilization, not only young men were conscripted. In addition, draft animals and
transportation vehicles, which were the main engine of agricultural production, were also confiscated
by the state. This double loss caused a severe collapse in agricultural production. For example, Turkey,
which exported wheat before the war, soon became unable to feed its own population. This sharp decline
in production and the resulting decrease in imports due to the closure of international trade routes
deepened the supply crisis in the economy. The escalating shortage of goods quickly created severe

inflation, leading to hoarding and black market activities becoming commonplace. At this point, the
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provisioning of food for large cities and the enormous army became a vital national security issue. Thus,
the necessity of rationing bread in major cities arose (Aydin, 2017, Ozcan, 2020; Ozer, 2011; Sener,

2004).

2.2. Legal and Institutional Tools of State Intervention

In this extraordinary period, when free market conditions had completely collapsed and the food
crisis deepened, the government resorted to strict state interventionism to keep the economy afloat. The
most fundamental legal basis of this new "economic defense strategy" was the National Protection Law
(MKK), which came into effect on January 18, 1940. This law aimed to integrate the civilian economy
into military defense needs, granting the government unlimited powers stich as, seizing| production
facilities, setting prices, controlling foreign trade, confiscating products, and implementing compulsory
labor in mines and agricultural areas. In the institutional sphere, the function'of the,Soil Products Office
(TMO), established in 1938 to protect farmers, completely changed with the war. Based on the powers
granted by the MKK, the state began to compulsorily seize a eertain percentage of the grain in the hands
of producers (with quotas varying between 25 and 50 percent). The Turkish Grain Board (TMO) was
tasked with collecting these products at fixed prices far‘below market value. However, these low
purchase prices set by the state lagged far behind the exorbitant prices on the black market. Therefore,
villagers preferred to hide their products of selbthem on the black market rather than deliver them to the
state. This situation severely hampered the state'sfood supply policy (Erul & Buz, 2020; Ozcan, 2020;
Sener, 2004).

2.3. Other Extraordinary Tax Policies of the War Period

Increased defefise spending led to enormous budget deficits, and the state's efforts to control the
market proved insufficient. The inctease in the amount of paper money in circulation drove inflation to
unprecedent€d,levels. The scarcity of goods in the market fueled hoarding and black market activities,
creating a new)classyof "war profiteers" who made extraordinary profits. The government undertook
efforts to'absorb'this excesymoney supply from the market, meet the state's urgent cash needs, and tax
those‘who/prefited unfairly. As a result of these studies, three radical tax regulations that complement

eachlether have been implemented (Erul & Buz, 2020; Ozcan, 2020).

2.3.1. Transaction Tax (Value Added Tax)

The Transaction Tax was designed as a consumption/transaction tax levied (indirectly) on
industrial and commercial transactions. This tax was collected on goods when manufactured, produced,
or imported goods entered commercial circulation and changed hands (at the time of the transaction).
With the law passed in 1927 before the war, the general rate of this tax was determined as 6%. During

the war period, with the law numbered 3822 (1940), the rate was increased to 12.5%. In the later years
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of the war (1941 and onwards), these rates climbed to 15% and 18% in some product groups and luxury

consumption. (Erul & Buz, 2020; Ozcan, 2020).

The state managed to generate a continuous tax revenue from the market activity of consumer
goods through the In-Kind Transaction Tax. However, this tax had to be added to the price at every
stage of the production and supply chain. Since this was directly added to costs, it dramatically increased
the final sales price of goods reaching the end consumer. Adding this tax to basic necessities, which
were already very expensive due to the black market, was devastating for large segments of the
population. Because it further fueled inflationary pressure, it severely eroded the purchasing power of
low-income urban civil servants and workers in particular (Comakli, Ko¢, & Yildirim, 2012; Erul.&

Buz, 2020; Ozcan, 2020).

2.3.2. Provisional Income Tax

Another step taken to fill the financial void created by the war economy was the Provisional
Income Tax. It came about because the rates of existing income taxes applied in' normal periods were
insufficient. It specifically targeted traders, industrialists, and, high-imcomé self-employed individuals

who operated with extraordinary profit margins, especially during wartime (Ozcan, 2020).

Unlike the Wealth Tax, it was a taxglevied on wealth, not\on wealth itself, but directly on the
periodic "commercial profit (earnings)" obtained. It aimed to limit the profits of traders who sold goods
at exorbitant prices in the black market. lmthe Provisional Profit Tax, the more "war profits" you earned,
the larger the share the state took. As profitsincreased, the tax rate also increased. In some cases, 50%
to 80% of the profit was démanded as tax, These temporary obligations added to the existing Profit Tax
Law provided a rapid.and continuous cash flowto the state treasury. However, because traders reflected
this tax burden in prices and managed to evade the tax, the inflationary cycle could not be broken

(Comakl1, Kog, & Yilduafn, 2012; Ozean, 2020).

2.3.3. Wealth Tax

The harshest and most internationally debated measure of the period was the Wealth Tax, enacted
byathe Siikrii Saracoglu government on November 11, 1942. At first glance, the law aimed to tax the
excessive andyspeculative profits created by the extraordinary war conditions, to curb inflation, and to
punish black marketeers. The taxpayers mainly consisted of merchants, large real estate owners, brokers,

and ‘companies (Erul & Buz, 2020; Subay, 2024).

However, the way the Wealth Tax was implemented caused great outrage. The tax amounts were
not based on any objective financial criteria. The tax amounts were determined entirely arbitrarily and
at the discretion of local commissions. There was no legal recourse or appeal against the decisions of
these commissions. Furthermore, the sending of those who could not pay the astronomical sums to labor

camps such as Erzurum-Askale was one of the harshest criticisms of this tax. Moreover, the tax burden
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was disproportionately placed on non-Muslim minorities. The practice was concentrated in major
commercial centers such as Istanbul, [zmir, and Bursa. The Wealth Tax quickly provided a large influx
of cash into the treasury, easing the budget. However, due to the deep distrust it created in the markets,

it was abolished in 1944 (Erul & Buz, 2020; Ozcan, 2020; Subay, 2024).

In conclusion, the Wealth Tax, Provisional Income Tax, and In-Kind Transaction Tax created an
unprecedented financial squeeze on commercial life in cities. However, these measures, which drew
cash from cities to the state, failed to solve the problem of the army's "physical provisioning" (tangible
food stock). This result inevitably shifted the economic defense plan's focus to the ¢ountry's rusal areas,

namely the Agricultural Products Tax (Akman & Solak Akman, 2011; Aydin, 2017).

3. THE ESTABLISHMENT AND LEGAL FRAMEWORK OF THE AGRICULTURAL
PRODUCTS TAX

3.1. Justifications for the Tax and its Place in Econemic Defense

The severe food and budget crisis brought about by theiSecond World Warforced the government
to move beyond classical taxation methods. The main motivation behind the establishment of the
Agricultural Products Tax (TMV) was to meet the nutritional needs ofthe army and major urban centers
directly from the source (producer). In additiony it aimed to'¢reatea sustainable physical stock to finance
war expenditures. Within the framework of the €conomic defense plan of the time, in an environment
where cash was losing value and{inflation, was rising, the practice of collecting taxes "in kind" (as
products) was adopted. This ensuredythat thestatefsecured its food stocks and was not affected by
speculative price movements in the market. Thus, the TMV was not considered merely as a financial
revenue tool. The Agficultural'Products Tax (TMV) was also conceived as a strategic economic defense
instrument through'which the stateintervened in agricultural production and distribution processes using

a method "close to confiscation" (Aydin, 2017; Erul & Buz, 2020; Ozcan, 2020; Sener, 2004).

3:2. Law No. 4429 0f 1943: The First Step and Shortcomings

The/legal process of the TMV began with Law No. 4429, "Law on Agricultural Products Tax,"
adopted omyJune 4,91943. The law included all strategic products such as cereals (wheat, barley, corn,
etc.), legumes (beans, chickpeas, lentils, etc.), and silkworm cocoons within the scope of taxation. In the
first year of implementation, tax rates also exhibited a tiered structure according to the size of the farms
and product groups. The aim was to collect lower taxes from small producers and higher taxes from
large landowners. This complex rate structure led to administrative confusion, corruption, and
complaints of injustice in the field. Furthermore, the estimation methods introduced in the initial version
of the law were far from reflecting the actual production of the farmers. This situation created a much
heavier pressure on agricultural producers than expected (Law No. 4429, 1943; Akman & Solak Akman,
2011; Aydin, 2017).
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3.3. Law No. 4553 of 1944: Standardization and Stricter Complementation

In order to eliminate the administrative shortcomings encountered in the first year of
implementation and to make collection more efficient, a new law, No. 4553, was enacted on April 26,
1944. The most critical change with this new regulation was the standardization of the tax rate to 10%
without exception for all products and all business sizes. Although the law made it a rule that the tax
should be collected "in kind" (in kind), it also opened the door to cash payments in some spé€eial cases
and for certain products. Law No. 4553 granted tax officials very broad powers of inspection_and
confiscation. It also introduced severe penalties, including imprisonment, for thosefwho,could'not pay
their tax debts. Thanks to this standardization, the state's collection capacity increased. Howeverjthe
burden on small farmers became much heavier (Law No. 4553, 1944; Comakli, Kogp& Yildirim, 2012;
Ertan, 2014).

3.4. Subject of the Tax, Taxpayer, and Exceptions

According to the provisions of the law, the subject of theyTurkish Agricultural Products Tax
(TMV) is all agricultural products grown within the borders of Turkey) Thetaxpayer is the real or legal
person who grows these products. The state has granted seme exceptions in the law for social and
technical reasons. These include products grown in courtyards and gardens subject to building tax,
limited quantities of products set aside by thewillager for theindown personal needs, and model farms
and seed stations established by theustate to umprove agficulture, all of which are exempt from tax.
However, the ambiguity of the application limits of these exceptions has left the door open to arbitrary
interpretations by field officers. And often, this\has led to even the villager's winter provisions being

collected within the scope ofitaxation (Law:Net 4429, 1943; Law No. 4553, 1944; Subay, 2024).

3.5. The "Second Tithe" Debate and Ideological Breakdown

The fact'that the Asar tax (TMV) was collected at a rate of 10% and directly as a share (in kind)
of agricultural productsled tojit being described as the "Second Tithe" both in the public opinion of the
time and mymodern literature. In 1925, the Republic regime proudly abolished the Asar tax in order to
bring thedpeasantry to, modern citizenship and weaken feudal ties. However, the return of this tax in a
similap formyeighteen years later created a serious ideological contradiction. The administrators of the
time stated that the TMV, unlike the Ottoman Asar, was not collected through the "iltizam"
(intexmediary tax farmers) system. And they tried to deflect these criticisms by arguing that the tax was
collected directly by state officials. However, due to the harsh methods applied by the gendarmerie and
tax officials to the villagers during the collection process, the historical traumas created by the Asar tax
were revived in the collective memory, and the tax lost legitimacy in the eyes of the public (Akman &

Solak Akman, 2011; Aydin, 2017; Ertan, 2014; Subay, 2024).

4. IMPLEMENTATION PROCESS AND ADMINISTRATIVE DIFFICULTIES
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4.1. Structure of Estimation and Determination Commissions and ""Desk-Based' Decisions

The most criticized aspect of the Agricultural Products Tax, and the one that created the most
pressure on the villagers, was the determination of the amount of tax to be paid by "estimation" before
the harvest. According to the law, "Estimation and Determination Commissions" were established in
each district and sub-district. The commissions consisted of a tax official, an agricultural official, and
local council representatives (village headman or council of elders). However, in praetice, these
commissions were unable to personally inspect the fields due to personnel shortages, fuel scarcity, and
limited transportation options resulting from the war years. Instead, they made /'exttavagant” yield
estimates based on data from previous years or statements from village headmen. This situation ledito.a
tax burden far exceeding the actual production. This, in turn, damaged the trust relationship between the

state and the producers from the very beginning (Aydin, 2017; Metinsoys20123Ozer, 201 1).

The incompetence in the commissions' working methods also had tragi¢ consequences, especially
in regions where climatic conditions negatively affected agriculture. Even \villagers who could not
harvest any crops from their fields due to natural disastersisuch as drought, locust/pest infestations, or
frost were notified of tax debts based on the high estimates madeé by the commissions months earlier.
The villagers' objections to these unfair estimates),were often unsuccessful due to bureaucratic
inefficiency and pressure from the gendammerie. Field zesearch shows that local powerful figures
(landlords) used their political influence over commissions to lighten their own tax burdens. In contrast,
it reveals that unprotected small farmersywere taxed far beyond their actual harvest (Metinsoy, 2012;

Ozer, 2011).

4.2. Logistics and Infrastructure Crises: Delivery and Transportation Obligations

Due to the fiecessity of collecting taxes in kind (as products), collection turned into a complete
logistical fiasco. This‘wa$ because the transportation and storage infrastructure in Turkey at that time
was extremely, inadequate.JAccording to the law, the delivery of the taxed produce to the warehouses
desigfiated by the,state (Agricultural Products Office) was left directly to the responsibility and expense
of theyvillagers. However, due to the general mobilization conditions, the trucks and ox carts seized by
théyarmy: left the'willagers without transportation vehicles. Small producers often had to carry sacks of
produceyon their backs to train stations or office centers tens of kilometers away. Some were also
subjected to the superhuman burden of renting expensive vehicles from the black market (Aydin, 2017,

Ertany2014; Metinsoy, 2012).

The difficulties did not end there for the villagers who managed to reach the delivery points. Due
to insufficient personnel and faulty measuring devices (scales), villagers were forced to wait outdoors
for days. Thousands of tons of grain, left piled up in station squares or on the ground because there was
no suitable enclosed storage area in the delivery centers, rotted and were wasted under rain and mud.

These physical losses were often interpreted by officials as "poor product quality”" and added to the
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villagers' debt. This further exacerbated the villagers' suffering. This situation has gone down in history
as an example of administrative incompetence that led to the waste of national wealth in the field, rather

than serving the state's goal of building food stocks (Metinsoy, 2012; Ozer, 2011).

4.3. Pricing Paradox and "Purchasing Products from the Black Market for Tax Purchases"

The state also set fixed prices (official rates) far below market value to purchase surplus crops
beyond those collected by the TMV (Turkish Grain Board). This created a "price gap" ¢risis for the
villagers. During this period, grain prices rose rapidly in the free market and espegially mithe black
market. The state's low purchase prices were insufficient to cover even the basic costs of seeds,
fertilizers, and living expenses for farmers. This situation dampened thé farmers' enthusiasm for
production and triggered a structural crisis that led to a contraction in agricultural capacity (Akman &

Solak Akman, 2011; Sener, 2004).

The most tragic phase of the implementation was the situation of small{farmers whose total crop
yield did not even cover the 10% in-kind tax demanded by the state due to the erroneous decisions of
the estimation commissions. These farmers, who fellsinte. debt, resorted to‘buying wheat at exorbitant
prices from large traders or the black market to avoid imprisenment or the seizure of their only ox. And
they were forced to deliver this wheat to the state as "tax without payment." This economic squeeze
rapidly impoverished small producers and pushed them into theshands of loan sharks. As a result, a rapid
process of dispossession and socialainrest began intural areas (Akman & Solak Akman, 2011; Sener,

2004).
5. SOCIO-ECONOMIGAND POLITIGAL CONSEQUENCES OF THE TAX

5.1. Class dmpact on Rural Social Structure: Impoverishment of Small Farmers and

Enrichment of Landowners

The socio-ceonomic devastation caused by the Agricultural Products Tax in rural areas did not
affect all 'segmentsfequally. The tax deepened the class divide between small and medium-sized
producers and large landowners (landowners) in an unprecedented way. The arbitrary practices of the
estimation'commissions, low purchase prices, abuses by tax officials, and logistical difficulties emerged
as the most hatmful aspects of the tax's implementation. Due to these factors, small farmers, who could
barely make ends meet, were literally crushed. In contrast, large landowners, who possessed vast lands,
their ewn transportation vehicles (trucks, tractors), and, most importantly, strong political relationships
with local administrators (commission members), managed to turn this process to their advantage

(Metinsoy, 2012; Ozer, 2011).

Large farmers and landowners, using their influence over commissions, managed to understate
their harvests. In this way, they were able to sell a very large portion of their produce tax-free on the

black market at exorbitant prices. This group, who became "war profiteers" during the war years,
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amassed enormous fortunes. Small farmers, unable to pay their taxes and crushed under heavy state
pressure (imprisonment, seizure), suffered a great devastation. Small producers whose produce was
insufficient to pay taxes were forced to sell their land, livestock, and agricultural tools to large
landowners for next to nothing, or to borrow from moneylenders at high interest rates, in order to pay
off their debts or provide for their winter provisions. This process led to the rapid dispossession of small
farmers in rural Anatolia. It resulted in the proletarianization of small farmers, reducing them to the
status of "semi-sharecroppers" or "serfs" alongside large landowners (Akman & Solak Akman, 2011;

Aydin, 2017; Ozer, 2011).

5.2. Devastating Impact on Agricultural Production and Capacity

The Agricultural Products Tax, implemented as part of the economic defense plan to ensure food
security for the army and cities, has created a result that betrayed its own ‘purpose, in the medium and
long term. Due to the flawed implementation of the tax, it has virtually, undermined agricultural
production. The "enthusiasm for production” of the peasantfwhounderstood that adarge portion of their
produce would be confiscated by the state, that they would be punished by the unfair estimates of

commissions, and that they would suffer transportation hardships, was completely broken (Sener, 2004).

Many producers, wanting to avoid the increasedtax burden, arbitrary estimates, and selling at a
loss, have resorted to reducing their agri¢ulturahactivities asiarational reflex. Peasants have started to
cultivate crops only on small areas sufficient to/provide for'the minimum sustenance (survival) of their
families. Or, landowners have deliberately left a significant portion of their fields fallow. Due to the
state's adoption of a punitive "confisecation/tax" regime instead of incentive-based price policies,
agriculture has rapidly’ declined. As a result, Tirkiye's agricultural capacity rapidly contracted,
cultivated areas shrank, and yields experienced dramatic declines compared to pre-war years (Akman &

Solak Akman, 2015 Sener;2004).

5.3. Political Rupture: The "Second Asar" Trauma and the Rise of the Democratic Party

Perhaps the most lasting and disruptive effect of the Agricultural Products Tax on the history of
the Republicisithe major fault line it created in Turkish political life. In the early period of the Republic,
the motto "The peasant is the master of the nation" was adopted, and in 1925, the Ottoman Asar tax,
which burdened the peasant, was abolished with great pride. However, the state's re-imposition of this
heayy in-kind tax, called the "Second Asar," on the peasant during the Second World War years deeply
shattered that founding political/trust agreement between the state and the rural population (Ertan, 2014;

Subay, 2024).

During tax collection, gendarmes descended upon the villages, tax officials ruthlessly collected
taxes from the villagers, and the villagers' livestock were confiscated. All of this led to the accumulation

of a massive, silent, but intense anger against the One-Party (CHP) government in the rural areas, which
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constituted 80% of the population. Following the war (despite the abolition of the tax in 1946), with the
transition to a multi-party system, this accumulated social trauma and anger erupted at the ballot box.
The Democratic Party (DP), founded under the leadership of Adnan Menderes and Celal Bayar (who
was also a landowner), came to power in the 1950 elections with massive and overwhelming support
from the rural areas (and with the slogan "Enough, the People Have Spoken"). The most important socio-
psychological basis for this electoral victory was the painful memories left on the villagers by the

Agricultural Products Tax (Aydin, 2017; Ertan, 2014; Subay, 2024).

6. CONCLUSION

World War 11, between 1939 and 1945, created unparalleled devastation oma global scale. This
circle of fire, unfolding outside its borders, deeply shook Turkey and pushed'it,into an‘economi€ crisis.
Although the state did not actively enter the war, it was forced to implement any''Economic Defense
Plan" to protect its national existence, reshaping all socio-economic dynamics of the period with a
military logic. The necessity of keeping an army of nearly ofie, million men under arms led to the
withdrawal of the productive young male population from ‘the fields,yand imports came to a standstill.
Therefore, the state faced one of the biggest food supply andiinflation crises in the country's history. In
this existential crisis, the government also set aside liberal marketirulesfand, with the National Protection
Law of 1940, placed the economy understhe absolute contrel of the state. The functioning of the free
market was replaced by strict state practices such.as, production quotas, price fixing, compulsory labor

obligations, and product confiscation.

Faced with massivebudget defieits caused by the war economy, excessive money printing, and
hyperinflation fueled by the black market, theystate realized it could not solve the problem with classical
fiscal policies and g@sorted to extraordinary tax tools. Initially, tax regulations such as the Wealth Tax,
Provisional Income Tax, afdd In-Kind\Iransaction Tax aimed to transfer wealth and profits targeting the
commercial ‘bourgeoisie‘and industrialists in cities, as well as non-Muslim minorities. However, even
the cash collected in ‘eities Wwas insufficient to meet the main problem of the war: the "physical
provisioning" of the army and the major cities, namely the need for wheat and bread. Due to the black
market, farmer§yavoided selling their produce to the state, forcing the state to turn its attention to the
rural ateas imthe depths of Anatolia. In this context, the compulsory equivalent of the Wealth Tax in the
cities became the Agricultural Products Tax (TMV), established in 1943. The applications have shown
us that the economic defense strategy emerged not only as a financing tool but also as a strategic survival

mechanism that directly seized agricultural products.

The apparent purpose of the TMV (Turkish Agricultural Tax) was based on rational grounds:
securing the army's food stocks and combating inflation. However, from the moment the tax was
implemented, it turned into a serious administrative and socio-economic crisis. Because the tax was

levied in kind (as a product) and directly on the producer, it revived in the minds of the peasants the
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"Asar" tax, which the Republic had proudly abolished in the early years (1925). This tax, referred to as
the "Second Asar" in public opinion and literature, became the most concrete example of how the state's

own principle of "The peasant is the master of the nation" was set aside under wartime conditions.

The way the tax was implemented further deepened this ideological trauma. The merit-based
assessment process envisioned by the law could not function properly. This was due to bureaucratic
inefficiencies and staff shortages created by wartime conditions, resulting in tax assessment§tbased on
arbitrary, "desk-based" estimations. Natural disasters (drought, frost, pests) were ignored due to the
arbitrary assessments of local commissions, and even peasants who could not haryést'their crops were
charged with taxes for crops that did not actually exist. As if that weren't enough, the government foreed
peasants to transport their produce over long distances using their own vehicles (many of whichewere
allocated to the army), causing hardship for the public in queues atgoffice Warechouses and through
measurement manipulations. Even more tragic was the predicament of the desperate,small peasant who
could not meet their tax quotas due to the commissions' inaccurate estimates. To avoid imprisonment or
the loss of their land, peasants were forced to buy wheat at exorbitant prices on'the black market and

deliver it to the state free of charge.

From a socio-economic perspective, the Agricultural Products Tax (TMV) exacerbated the
existing class inequality in rural Anatoliadeyincredible proportions. Large landowners and chieftains
minimized their tax burden by using their political connectionsto the commissions. Furthermore, they
became "war profiteers" by selling'theirwast surplusproduce, which they had evaded taxes on, on the
black market. In contrast, the unprotected small produacers, crushed under the pressure of tax officials
and gendarmes, either abanndoned production and left their land fallow, or were forced to give even their
winter provisions and,seeds toythe state, becoming enslaved to moneylenders. The implementation led
to rapid dispossession and impoverishment in rural areas. It also eliminated agricultural subsidies,

causing a long-lasting'de€line in agricultural production across the country.

From a politieal history perspective, the rupture created by the Agricultural Products Tax in
Turkish political lifé has beeén far more permanent and profound. The harsh practices experienced during
the collectionyprocess, such as gendarmerie pressure, official abuses, and animal confiscations, led to
the“aecumulation of immense and silent anger against the state, and especially the single-party (CHP)
government of'the time, in the rural areas where approximately 80% of the population resided. Even
after the'end of the war and the transition to a multi-party political system, the social trauma created by
this tax, which was abolished in 1946, resonated at the ballot box. Due to these painful and grievous
memories left by the Agricultural Products Tax, the rural population turned its back on the single-party
government in the 1950 elections and brought the Democratic Party (DP) to power with an
overwhelming majority. The Agricultural Products Tax and its harsh practices were the strongest socio-

psychological motivations underlying this.
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The Agricultural Products Tax, implemented within the framework of Tiirkiye's extraordinary
"Economic Defense Plan" during the Second World War years, achieved a strategic success in the short
term by providing provisions for the army. However, in the long term, it crushed small-scale peasantry,
collapsed agricultural production, and deepened class inequality. And ultimately, TMV has taken its
place in Turkish legal, economic, and political history as the architect of a multifaceted crisis that paved

the way for a change in the country's political regime.
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THE PRESTON CURVE: LIFE EXPECTANCY AND RESIDUAL ANALYSIS WITH 2024
GLOBAL DATA

Ateka SIDIQI”
Hasan Biilent KANTARCI™

ABSTRACT

The non-linear relationship between economic development and human_progress 18\ one ofithé
central debates in modern economic literature. This study re-examines the link between\per capita
income and life expectancy at birth within the framework of the PrestoCurve using 2024 global data.
Based on a sample of 188 countries from the World Bank database, the\analysis shows that life
expectancy increases rapidly at low income levels, but the marginal effect of income weakens after an
approximate threshold of $20,000-$30,000. Non-income factors examined through residual analysis
reveal the transformative role of education, income inequality, and‘environmental conditions in shaping
health outcomes. The findings indicate that high-income but, high-inequality countries, such as the
United States, show negative deviations, whereas countries with stronger human capital performance,
such as Vietnam and Spain, diverge positively: The study emphasizes that improving welfare requires
inclusive and distribution-orientedfdevelopment policies rather than a narrow focus on economic

growth alone.
Keywords: Preston Curvef Life Expectaney, Human Capital, Income Inequality, Health Economics.

JEL Codes: E20, F60,110.

1. INTRODUCTION

The relationship, between economic development and human well-being is one of the central
questions of develepment €conomics. Income growth is usually expected to improve living standards
by expandingaccess to food, housing, sanitation, education, and health services. However, the empirical
relationship,between income and health outcomes is not linear. The Preston Curve demonstrates that
life expeetancyrises sharply with income at low income levels but increases more slowly after a certain
point (Preston, 2007). Therefore, the same additional dollar of income has a much larger health effect

in poorer countries than in richer countries.

This nonlinear pattern is important because it challenges a purely income-based understanding of
development. If income alone were sufficient, countries with similar GDP per capita would have very

similar life expectancy levels. In reality, some countries live considerably longer than their income level

* Master's Student, Kocaeli University, Institute of Social Sciences, Department of Economics, Kocaeli/ Tiirkiye, E-mail:

Ateka.behnam@gmail.com.

** Prof. Dr., Kocaeli University Faculty of Political Sciences, Kocaeli/ Tiirkiye, E-mail: hbkantar@kocaeli.edu.tr.

172


mailto:Ateka.behnam@gmail.com
mailto:hbkantar@kocaeli.edu.tr

ICOAEF-XV International Conference on Applied Economics and Finance
May 11"-12", 2026 / Bishkek- KYRGYZ REPUBLIC

predicts, while others perform below expectation despite high income. These deviations suggest that
education, inequality, environmental conditions, health system organization, and social policy can shape
the extent to which economic resources are converted into longer and healthier lives (Deaton, 2003;

Lutz & Kebede, 2018; Wilkinson & Pickett, 2006).

The aim of this article is to evaluate the Preston Curve with 2024 global data and to interpret
selected country deviations from the fitted curve. The study is descriptive rather than causaliitdoes not
estimate the independent causal effect of each non-income factor, but uses the curve and residuals. as an

analytical tool for discussing the broader meaning of development beyond income.
1.1. Theoretical Background: The Preston Curve

The Preston Curve is a cross-country representation of the association between nationaldincome
and life expectancy. Its core insight is that health improvements are highly tesponsive to income at low
levels of development because income directly finances basic survival conditions, including nutrition,
clean water, sanitation, vaccination, and access to primarypmedical care, Jdn this stage, small
improvements in income can remove severe constraints om,survivah and produce rapid gains in life
expectancy. At higher levels of income, however, the curve flattens. This means that further GDP growth
continues to matter, but its marginal contribution to lifeiexpectancy becomes weaker. Once basic needs
and core health infrastructure are largely dnplace, other factors become increasingly important. These
include the distribution of income, educational attainments, preventive health behavior, environmental
quality, and the inclusiveness of health systems. For thisreason, the Preston Curve is not only a statistical
pattern but also a conceptual, reminder, that development policy should focus on the transformation of

income into human capabilities.

2. DATA AND METHOD

The dhalysis uses 2024 country-level data obtained from the World Bank database. After
excluding regional‘aggregates and observations with missing values for the two main variables, the final
sapaple includes 188 countties. The income variable is GDP per capita measured in purchasing power
paritytermsgpand expressed in current international dollars. The health outcome variable is life
expeetancyat birth,’ measured in years. The use of purchasing power parity makes cross-country income

comparisons more meaningful because it adjusts for differences in domestic price levels.

The first step of the method is a scatter-plot analysis between GDP per capita and life expectancy
at birth. A nonlinear fitted curve is added to the graph to represent the expected Preston relationship.
The second step is residual analysis. For each country, the residual is calculated as the difference
between the observed life expectancy and the expected value implied by the curve. A positive residual
means that a country lives longer than expected for its income level, while a negative residual means
that it performs below the income-based expectation. These residuals are interpreted as descriptive

signals of non-income influences, not as direct causal estimates.
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Table 1. Variables and Analytical Strategy

Component Measurement Use in the Article
Income GDP per capita, PPP (current Horizontal axis and main
international $) economic development indicator
Health outcome Life expectancy at birth (years) Vertical axis and core human
development outcome
Fitted Preston relationship Nonlinear descriptive curve Reference line for expected life
expectancy by income level
Residual Observed life expectancy minus Indicator of above- or below-
expected life expectancy expected health performance

Note: The study is based on 2024 country-level World Bank data and includes 188 countries after excluding regionalraggregatesiand missing
observations.

3. FINDINGS

3.1. The Income-Life Expectancy Relationship

Figure 1 shows the global Preston Curve for 2024. The scatter points représent individual
countries, while the red fitted curve captures the nonlin€arirelationship betweén income and life
expectancy. The figure clearly indicates that life expectancy rises steeply ‘at low income levels,
especially below the threshold band of roughly $20,000-$303000.Tn this tange, income growth is closely

associated with improvements in basic living conditions and acgess to@ssential health inputs.

Beyond this threshold, the curve beginsyto flatten.“This/does not mean that income becomes
irrelevant; rather, it means that additienal incomesproducesismaller gains in life expectancy. The figure
also shows that countries with very high, income do not automatically achieve the highest life
expectancy. The United States, for example, appearsbelow the expected line relative to its income level,
whereas Spain achieves(a higher life expeéetancy with a lower income level. Vietnam also performs

above the curve, suggesting thatmon-income factors can compensate for a lower GDP per capita.

Figure 1. Preston Curve: 'GDP per Capita and Life Expectancy at Birth (2024)

Preston Curve: GDP per Capita and Life Expectancy at Birth (2024)
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Note: Author's visualization based on World Bank data (World Bank, 2026). The vertical dashed line indicates an approximate income
threshold of $25,000.
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3.2. Residual Analysis and Non-Income Factors

Figure 2 presents the residual analysis. The zero line indicates the expected life expectancy
implied by the Preston Curve. Countries above this line live longer than expected for their income level,
while countries below it live shorter than expected. This figure is useful because it shifts the discussion

from the level of income to the social and institutional capacity to convert income into health outcomes.

The most important message of the residual analysis is that development outcomes depend on
more than aggregate income. Positive residuals may reflect effective public health systems; highdévels
of education, broad access to basic services, and social cohesion. Negative r¢siduals, may reflect
inequality, fragmented health access, environmental stress, or weak institutionaligenversion of economic
resources into human development. In this sense, residuals should be read as\interpretive indicators of

development quality.

Figure 2. Preston Curve Residual Analysis: Effects of Non-Income Factors

Preston Curve Residual Analysis: Effects of Non-Income Factors
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Note: Author's visualization based on World Bank data (World Bank, 2026). Residuals are calculated as observed life expectancy minus
expected life expectaney. from the'fitted Preston relationship.

Table 2. Interpretation of Selected Country Deviations

Country Observed Pattern Residual | Main Interpretation
Direction

United High'income but lower life Negative | Inequality, unequal health access, and social

States expectancy than the fitted stress can limit the conversion of income into
curve suggests health (Deaton, 2003; Wilkinson & Pickett,

2006).

Vietnam Moderate income but higher Positive Education, health literacy, preventive care, and

life expectancy than expected broad basic services can strengthen health
outcomes (Lutz & Kebede, 2018).

Spain Lower income than some Positive A strong social and public-health conversion of
richer countries but higher life income can produce above-expected health
expectancy performance.

Equatorial | Resource-rich income position | Negative | Resource concentration, environmental pressure,

Guinea but low life expectancy and weak social conversion of income can reduce

health performance (Majeed & Ozturk, 2020).
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Note: The interpretations are descriptive and are based on the residual positions shown in Figure 2 together with the literature discussed
in the text.

4. DISCUSSION

4.1. Income Inequality and Social Justice

The negative residual of the United States illustrates that high income does not automatically
translate into superior population health. Deaton (2003) emphasizes the close relationship between
health, inequality, and economic development. When income gains are unevenly distributed\anddi€alth
care access is unequal, the average level of income can conceal large social differencesin exposure to
disease, preventive care, and survival opportunities. Wilkinson and Pickett (2006) similarly, argue that
inequality can affect population health through chronic stress, lower social trust, andunequal acéess to

health-enhancing resources.

From a development perspective, this means that GDP per capita should not"be treated as a
sufficient indicator of welfare. The distribution of incom@ andythe inclusiveness of public services
determine whether national income becomes broad-based human development or remains concentrated

economic capacity.

4.2. Education and Human Capital

Vietnam and Spain provide useful examples of positive residuals. Both cases suggest that
education and human capital can improvehealth outcomes beyond what would be predicted by income
alone. Lutz and Kebede (2018) argue, that education is a powerful determinant of health because it
increases health literacys improves decisions about nutrition and hygiene, strengthens the use of
preventive services,and supports lower fertility and better child health outcomes. In low- and middle-
income settings, these mechanisms, can produce life expectancy levels that exceed income-based

expectations’

This finding hasyan important policy implication: investments in education, especially broad-
based and ‘gendercinclusive education, are also investments in population health. In the Preston
framework, “education helps countries move above the curve by making existing resources more

effective.

4.3. Environmental Quality and Resource-Based Growth

Negative residuals may also be associated with environmental degradation and the resource curse.
Resource-rich countries can experience high income figures without broad improvements in living
standards if resource rents are concentrated or if environmental costs are high. Majeed and Ozturk (2020)
show that environmental degradation, including air pollution and carbon emissions, is closely related to
adverse population health outcomes. Therefore, growth that damages air quality or weakens ecological

conditions can reduce the health benefits normally associated with income growth.
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This point broadens the interpretation of the Preston Curve. Development requires not only more
income but also a sustainable environment in which income gains do not come at the expense of

respiratory health, cardiovascular health, and long-term well-being.

5. CONCLUSION

The 2024 global evidence presented in this article confirms the main insight of the Preston Curve:
economic growth is strongly associated with life expectancy at low income levels, but its marginal effect
weakens as countries become richer. The approximate threshold of $20,000-$30,000,marks)a Stage at

which additional income alone becomes less capable of explaining differences in life expectancy:

The residual analysis shows why the Preston Curve is especially useful for dévelopment studies.
Countries above the expected line demonstrate that education, public ealth capacity, social ificlusion,
and effective institutions can transform income into longer lives. Countries\belowythe line show that
inequality, unequal access to health care, environmental degradation, and|weak social conversion

mechanisms can prevent income from becoming human development.

The central policy conclusion is clear: developmentistrategies should not focus only on GDP per
capita. They should also aim to distribute income more fairly, expand educational opportunities,
strengthen universal health access, and proteet environmental quality. In this broader sense, the Preston
Curve shows that the real achievement of development is not‘income itself, but the ability of societies

to convert income into healthier and longer lives.
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ABSTRACT

This article examines Tiirkiye's external balance dynamics and structural vulnerability within the
framework of the balance of payments. It uses a descriptive research design based on annual cumulative
balance-of-payments data obtained from the Central Bank of the Republic of Tiirkive's Electronic Data
Delivery System for 1984-2025. The analysis focuses on the_current account balance, trade balance,
services balance, selected financing flows, reserve-related adjustment channels, and net errors and
omissions. The findings show that Tiirkiye's current aécount position is closely associated with the trade
balance, while the services surplus substantially offSets but does not fully eliminate the deficit arising
from goods trade and income payments. The finane¢ing composition also reveals a structural
vulnerability: direct investment inflows are ‘welatively mowelstable, whereas portfolio and other
investment flows display stronger volatility. Finally, the large swings in net errors and omissions after
the 2010s point to analytical uncertainty in'the financing of external imbalances. The article concludes
that sustainable external balance requirves a structural transformation that reduces import dependency,

increases domestic savings, and improves thequality of long-term external financing.

Keywords: Balance of Payments, C€urrent Account Deficit, External Balance, Financing Quality, Net

Errors and @missions, Lurkish Economy.
JEL Classification:E32, F34, O24.
1. INTRODUCTION

In“an increasingly integrated world economy, trade and financial relations with the rest of the
world ‘have become decisive determinants of macroeconomic stability. The balance of payments is
therefore not only an accounting statement but also a strategic indicator of a country's international

payment capacity, exchange-rate pressures, growth pattern, and exposure to external shocks.

For developing economies such as Tiirkiye, the external balance problem is particularly important
because industrial production and export performance often depend on imported intermediate goods,

energy, and technology. Under these conditions, growth episodes may widen the trade deficit and
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translate into current account pressures. The main analytical question is not only whether a country
records an external deficit, but also how that deficit is financed and whether the financing structure is

sustainable.

The purpose of this article is to transform the existing theoretical discussion into a concise, article-
format descriptive study and to deepen the empirical section using the expanded Excel data set. The
study covers the period 1984-2025 and evaluates Tiirkiye's current account dynamics, trade afid services
balances, financing composition, and net errors and omissions. Because the data file contains national-
level time-series observations rather than provincial or regional data, a map is not methodologically

appropriate; instead, the article uses time-series graphs and a period-average table.

2. CONCEPTUAL FRAMEWORK

The balance of payments records all economic transactions between residents, and non-residents
over a specific period according to the double-entry accounting principle. In the BPM6 framework, the
core accounts include the current account, capital account, finaneial account, r€serve assets, and net
errors and omissions (IMF, 2009). The current accounticoversithe trade,in goods and services as well as
primary and secondary income flows. The financial ‘accounttecords cross-border financial transactions

such as direct investment, portfolio investment, other investment,\and reserve-asset changes.

The current account has a direct link with national income and the saving-investment balance. In
open-economy macroeconomics, aleurrent account deficit indicates that domestic investment exceeds
national saving and that the gap is\financed, by for€ign saving (Krugman et al., 2012). From this
perspective, persistent external deficitsyshould\not be treated merely as short-term exchange-rate
problems; they may, reflectideeper structural conditions in production, saving behavior, import

dependence, and the compositionof capital flows.

The distinction“between autonomous and accommodating transactions is also useful for
interpreting externaliimbalanees. Autonomous transactions arise from normal trade, income, and capital-
flow decisions, while accommodating transactions are used to finance or balance the resulting deficit or
surplus,, Financing a,deficit through long-term direct investment may be less fragile than relying on
shortsterm portfolio flows, because portfolio flows can reverse rapidly in response to global interest

rates, risk pereeption, or domestic uncertainty.

3. DATA AND METHODOLOGY

The empirical part of the article is based on annual cumulative level observations from the CBRT
Electronic Data Delivery System (EVDS). The Excel file includes the balance-of-payments summary
series for 1984-2026; however, the 2026 row is not used in the main figures because it is not a complete

annual observation. Thus, the descriptive analysis is restricted to the full-year period 1984-2025.
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The analysis uses six groups of indicators: (i) current account balance, (ii) trade balance and goods
exports/imports, (iii) services, primary income, and secondary income balances, (iv) direct investment,
portfolio investment, and other investment flows, (v) reserve-related items, and (vi) net errors and

omissions. All values are converted from million USD to billion USD for readability.

The study does not estimate an econometric model. Its aim is descriptive: to visualize long-term
trends, compare subperiod averages, and interpret the observed patterns through thegtheoretical
framework. For financial account subcomponents, the sign is reversed in the financing-flow graph so
that positive values represent net inflows into Tiirkiye. This transformation is made only for ease of

interpretation and is explicitly noted in the figure caption.
4. DESCRIPTIVE FINDINGS

4.1. Current Account Dynamics and the Trade Balance

The first descriptive finding is the strong relationship between the currentaccount balance and
the trade balance. Over 1984-2025, the current account balance ayetaged USD"-16.1 billion per year,
while the trade balance averaged USD -31.5 billion. The correlation between the two series is
approximately 0.92, which shows that the goods-trade positioniis thedmain driver of Tiirkiye's external
balance in a descriptive sense. The deepgst current account, deficit in the data is observed in 2011 at

USD -74.4 billion, while 2019 records a rare surplus, of about USD 15.0 billion.

Figure 1. Current Account Balance andI'rade Balance, Values Are in Billion USD. 1984-2025

Current Account Balance and Trade Balance, 1984-2025
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Source: CBRT EVDS balance-of-payments data; author's calculations.
Figure 1 shows that the trade balance is persistently negative throughout the whole period and
that the current account generally follows the same direction. The services surplus and other current

account items sometimes soften the deficit, but they do not remove the structural pressure created by
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goods trade. The 2001 crisis year, the post-2008 adjustment, the 2018-2019 rebalancing, and the post-

2020 period are visible as important turning points in the current account path.

4.2. Exports, Imports and the Goods-trade Gap

The widening of goods trade is visible from the export and import series. In 1984, goods exports
were USD 7.1 billion and goods imports were USD 10.0 billion. By 2025, exports increased to USD
270.7 billion, while imports reached USD 340.6 billion. The scale of integration into world markets
increased substantially, but import growth remained large enough to maintain a sizeable goods-trade

gap.
Figure 2. Goods Exports and Goods Imports, 198442025

Goods Exports and Goods Imports, 1984-2025
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Source: CBRT EVDS balance-of-payments datajauthor's calculations. Values are in billion USD.
4.3. The'Role of Services and Income Balances

The second impottant finding is the stabilizing role of the services balance. While the trade
balance remained‘deeply negative, the services balance moved in the opposite direction and reached
USD 63.5 billion,in“2025. This means that tourism, transportation, construction, and other service
revenues became an important buffer against the goods deficit. Nevertheless, the primary income
balance, which includes investment income payments such as interest and profit transfers, deteriorated
over time and reached USD -23.3 billion in 2025. Therefore, the improvement in services was partly

offset by income outflows.
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Figure 3. Main Components of the Current Account, 1984-2025

Main Components of the Current Account, 1984-2025
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Source: CBRT EVDS balance-of-payments data; author's calculations. Values ate in billiemUSD.
4.4. Financing Quality and Volatility

The sustainability of an external deficit depends, not only ongits size but also on its financing
composition. The data show that directfinvestment inflows increased strongly in the mid-2000s,
especially around the privatization and global liquidity cycle, but later became more limited. In contrast,
portfolio investment and other investmentiflows are much more volatile. For 2001-2025, the standard
deviation of direct investment inflows, is about USID'5.3 billion, whereas portfolio inflows and other
investment inflows haye standard deviations, of about USD 13.6 billion and USD 14.6 billion,
respectively. This gapiindicatesithat short-term and debt-creating financing channels expose the external
balance to strongerreversal risks.

Figure 4; Selected\External Financing Inflows, Values Are in Billion USD 1984-2025

Selected External Financing Inflows, 1984-2025
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Source: CBRT EVDS balance-of-payments data; author's calculations. Note: Financial account subcomponents are multiplied by -1 so that
positive values indicate net inflows.
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4.5. Net Errors and Omissions

Net errors and omissions is a balancing item that reflects statistical discrepancies arising from
timing differences, data-source inconsistencies, valuation differences, and unrecorded transactions. In
small amounts, this item is normal in balance-of-payments statistics. However, the Turkish data show
large positive and negative swings after the 2010s. The most striking positive value is observed in 2022,
at about USD 28.5 billion, while the item turns sharply negative in some other years, includifig 2025 at
about USD -12.7 billion. These movements do not by themselves identify the source of financing, but
they reduce the analytical transparency of the external balance and should be monitored, together with
reserve movements and capital-flow composition.

Figure 5. Net Errors and Omissions, Values Are in Billion USD. 19842025
Net Errors and Omissions, 1984-2025
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Source: CBRT EVDS balance-of-payments data; author's calculations.
4.6. Period-Average Comparison

Table\ I 'summarizes the long-term pattern by dividing the sample into four subperiods. The
averages show that theycurrent account deficit deepened substantially after 2001 and was particularly
large during 2009-2018. The post-2019 period has a smaller average current account deficit than 2009-
2018, largely because,the services surplus increased strongly; however, the trade deficit remained large

and financing remained volatile.

Table 1. Period Averages of Selected External Balance Indicators

. Current Trade Services FDI Portfolio pther ALEG L
Period . . investment | and
account balance balance inflows* inflows* . o S
inflows omissions
1984-2000 | -1.51 -8.54 6.07 0.45 0.68 1.78 0.02
2001-2008 | -18.39 -27.39 12.86 9.06 2.78 10.60 0.87
2009-2018 | -34.69 -57.23 29.49 9.65 13.99 12.51 -0.26
2019-2025 | -22.10 -55.09 46.28 5.70 -3.25 19.08 -1.26

Source: CBRT EVDS balance-of-payments data; author's calculations. Values are in billion USD. * Financial account subcomponents are
multiplied by -1 so that positive values indicate net inflows.

183



ICOAEF-XV International Conference on Applied Economics and Finance
May 11"-12", 2026 / Bishkek- KYRGYZ REPUBLIC

5. DISCUSSION

The descriptive results support the view that Tiirkiye's external imbalance is structural rather than
merely cyclical. The current account is closely connected with the trade balance, and the trade balance
reflects the high import content of production and consumption. The growth of exports has been
impressive, but it has been accompanied by a larger import bill, especially in years of strong domestic

demand, energy-price pressure, or exchange-rate adjustment.

The services surplus is a major strength of the Turkish economy. It cushions the goods deficitland
contributes to external financing through tourism and related service revenues. However, services alone
cannot fully solve the external balance problem when the goods deficit and primary income outflows
are large. This is why policy discussions should focus not only on export expansion, butalso on dofmestic
value added, energy efficiency, import substitution in strategic intefmediate goods, and productivity

improvement.

The financing side creates a second layer of vulnerabilitys, Direct investment is generally more
stable and can contribute to technology transfer, employment, and production capacity. Portfolio
investment and other investment flows, by contrast, are more sensitive to global liquidity, interest-rate
differentials, and risk perception. Therefore, a current@account deficitgfinanced mainly by short-term or

reversible flows can become fragile even gwhemthe deficit'appears temporarily manageable.

Finally, the volatility of netgemers and' omission$ ‘complicates the interpretation of external
financing. Large positive values canitemporarily support the balance of payments, while large negative
values can signal unexplainéd outflowsior measurement problems. For policy analysis, this item should

be treated as a warningdndicator rather thamias@ reliable financing source.

6. CONCLUSIONAND POLICYIMPLICATIONS

This artiele converted the existing course-paper framework into a concise English article and
expanded its empiricalypart using the detailed EVDS Excel data. The descriptive evidence for 1984-
2025 suggests that Tlrkiye's current account dynamics are primarily shaped by the trade balance, while
servicesimevenues provide an important but incomplete offset. The period after the 2000s is characterized
by deeper ‘current account deficits, larger goods-trade gaps, and stronger dependence on external

financing:

The main policy implication is that the external deficit cannot be addressed sustainably through
short-term borrowing, reserve use, or administrative restrictions alone. A durable solution requires
structural policies that reduce imported input dependency, increase domestic savings, strengthen high-
value-added production, and attract more stable direct investment. In addition, improving institutional
confidence and reducing uncertainty can help lower the volatility of portfolio and other investment

flows.
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The study has two limitations. First, it is descriptive and does not claim causal estimation. Second,
it uses national-level annual data; therefore, regional mapping or spatial analysis is not possible with
this Excel file. Future research may extend the analysis by adding GDP, real exchange rate, energy
prices, domestic savings, and external debt indicators, and by estimating econometric models such as

ARDL, VAR, or structural break tests.
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APPENDIX A. EVDS SERIES USED IN THE ARTICLE

EVDS code English label used in the article
TP.ODEAYRSUNUMS6.Q1 Current account balance
TP.ODEAYRSUNUMSG6.Q4 Trade balance
TP.ODEAYRSUNUMG6.Q5 Total goods exports
TP.ODEAYRSUNUMSG6.Q6 Total goods imports
TP.ODEAYRSUNUM6.Q20 Services balance
TP.ODEAYRSUNUMS6.Q68 Primary income balance
TP.ODEAYRSUNUMS6.Q92 Secondary income balance
TP.ODEAYRSUNUM6.Q102 Direct investment
TP.ODEAYRSUNUMG6.Q114 Portfolio investment
TP.ODEAYRSUNUM®6.Q136 Other investment
TP.ODEAYRSUNUM®6.Q210 Net errors and omissions

Source: Series descriptions included in the uploaded EVDS Excel workbook.
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DIiJITAL EKONOMI: ASIMETRIK ENFORMASYON ALTINDA BiLGI, GUVEN VE
POLITIiKA TASARIMI

Fatma Nur IMAMOGLU"*
Ayhan ORHAN"*

OZET

Dijitallesme, ekonomik faaliyetleri ve piyasa aktérlerinin davranislarmi kokten yenmiden
sekillendiren yapisal bir doniisiim haline gelmistir. Bilgi asimetrisinin yiiksek diizeyde oldugu dijital
ortamlarda giiven, ekonomik islemleri etkileyen kritik bir mekanizma olarak ortaya ¢rkmaktadid Mevcut
literatiir agwrlikli olarak bireysel giiven algilarina odaklansa da_ kurumsal yapilarin, ve politika

cercevelerinin rolii nispeten daha az arastirimistir.

Bu ¢alisma, kurumsal diizenlemelerin piyasa sonuglarm, nasil sekillendivdigine ozellikle
odaklanarak, dijital ekonomi ile giiven arasindaki iliskiyiypolitikaodalkli bir perspektiften analiz etmeyi
amaglamaktadir. Calisma, dijital ekonomi dinamiklerini “bilgi asimetrisi ve kurumsal iktisat ile
biitiinlestiren kavramsal ve teorik bir ¢erceveye dayanmaktadir, Yontemsel olarak arastirma; mevcut

literatiirii ve politika tartismalarint degerlendiren nitel ve kaveamsal bir yaklasim benimsemektedir.

Bulgular, kamu politikalatimin Ve, diizenleyiei mekanizmalarin, 6zellikle gelismekte olan
ekonomilerde, belirsizligi azaltmadaye dijital pivasalarda giiveni gii¢lendirmede ¢ok onemli bir rol
oynadigimi gostermektedir. Etkili yonetisim \yapilari, yalnizca daha verimli piyasa iglemlerini
kolaylastirmakla kalmamakta,yayni zamanda makroekonomik istikrara ve sistemik dirence de katkida

bulunmaktadir.

Sonué olarak ¢alisma, kiiresel rekabet giiciinii artirmak ve siirdiiriilebilir ekonomik biiyiimeyi
saglamak icin iyi tasarlanmiskurumsal ¢ergeveler araciligiyla dijital giivenin giiclendirilmesinin elzem
oldugunu savunmaktadir. Sonuclar, asimetrilerin giderilmesinde ve daha giivenilir bir dijital ekonomik

ortammtesvikyedilmesinde politika odakl yaklagimlarin onemini vurgulamaktadir.
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Digitalization has become a structural transformation that fundamentally reshapes economic
activities and the behavior of market actors. In digital environments characterized by high levels of
information asymmetry, trust emerges as a critical mechanism influencing economic transactions. While
the existing literature predominantly focuses on individual trust perceptions, the role of institutional

structures and policy frameworks remains relatively underexplored.

This study aims to analyze the relationship between the digital economy and trust frofida policy-
oriented perspective, with a particular focus on how institutional regulations shape market outcomes.
The study is grounded in a conceptual and theoretical framework that integrates digital economy
dynamics with information asymmetry and institutional economics. Methodologically, the research

adopts a qualitative and conceptual approach, evaluating existing literature and policy discussions.

The findings suggest that public policies and regulatory méchanisms play a crucial role in
reducing uncertainty and strengthening trust in digital markets, particularly.in emerging economies.
Effective governance structures not only facilitate more efficient.market transactionstbut also contribute

to macroeconomic stability and systemic resilience.

In conclusion, the study argues that strengthening digital trust through well-designed institutional
frameworks is essential for enhancing global competitivenesshandgachieving sustainable economic
growth. The results highlight the importance of policy-driven approaches in addressing asymmetries

and fostering a more reliable digital economic environment.

Keywords: Digital Economy, Digital Trust, Institutional Economics, Public Policy, Information

Asymmetry.

JEL Codes: D82, 033,°L80.

1. INTRODUCTION

The rapid-aeceleration in information and communication technologies during the final quarter of
the twentieth centuryshasiled to a profound paradigmatic shift in the global economic system. Economic
structures grounded, in traditional industrial production models are increasingly being replaced by a
digitally based ecosystem where the processes of producing, processing, and distributing information
occupy. a central position. This new order, conceptualized as the digital economy, radically reshapes the
behavioral patterns of market actors, transaction costs, and competitive conditions. While the process of
digitalization expands cross-border trade volume and facilitates market access, it simultaneously
complexifies the transparency and informational structure of markets. In this dynamic process where
spatial constraints are eliminated, the sustainability of economic activities becomes heavily dependent
on the accuracy of information generated in digital environments and the trust relationships forged

around this information.
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While the macroeconomic impacts of this transformation are widely debated in the literature, the
reflections of hardware and software sectors on productivity constitute a critical area of analysis.
Focusing on the sectoral and measurement dimensions of the subject, Nordhaus, in his empirical analysis
of the American economy, defines the concept of the "new economy" through accounting data to
encompass the machinery, electrical equipment, telecommunications, and software sectors. While
emphasizing that a very significant productivity growth occurred in information technology branches,
particularly in the late 1990s, he points out that quality adjustments and new goods could not be fully
captured by traditional price indices, which in turn caused measurement biases in seetoral productivity
trends. The rapid growth of the share of these knowledge-intensive sectors within'total gross domestic
product theoretically demonstrates the challenges of determining the quality ©f digital outputs on an ex-
ante (pre-transaction) basis, and consequently, the informational turmoil that may emerge in the market

(Nordhaus, 2001).

Another distinguishing dimension of the digital economy is the structural shift from production
processes toward service-oriented and network-based organizational structur€s. In examining the
theoretical foundations of this structural transformatiof;iwhen the new economy is modeled through the
expansion of variety in the information technologies and service sectors, the model suggests that while
the shift in consumer spending toward a continuously expanding array of service varieties triggers high
growth rates at the macro level, total factor productivity measured at the firm level remains low, thereby
feeding the "productivity puzzle" infthe,literature. More importantly, it is argued that this variety and
specialization in service provision ‘offers providers a monopolistic competitive power and a sphere of
economic rent, and that theaincertain nature of these future rents causes excessive stock market volatility
in financial markets. (This transformationiiexperienced at the sectoral level deepens asymmetric
information structires among ‘market actors, thereby increasing the significance of institutional

interventions and regulations (Zagler2002).

This aforementioneditheoretical and empirical background presents the problem of "information
asymimetry" as ‘@, chfoni€yrisk of market failure on platforms where digital economic activities are
conducted) The lack.of equal information between the buyer and the seller regarding the digital product,
service, or,data subjcct to the transaction generates risks of adverse selection and moral hazard in the
market. In environments where such informational distortions are high, the concept of "trust" functions
almost as an invisible institutional mechanism for the sustainability of economic transactions and the
presetvation of market efficiency. However, due to the uniquely fluid structure of the digital world, the
micro-level perception of trust developed among individual actors (such as user ratings or intra-platform
references) remains insufficient on its own to prevent systemic risks and data misuses. This insufficiency
necessitates that the process of building and maintaining trust in digital environments be addressed

through an institutional perspective beyond individual initiatives.
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In line with the fundamental tenets of institutional economic theory, institutions are structures that
regulate economic and social interactions, reduce uncertainties, and establish the rules of the game.
Consequently, closing the trust gap arising from information asymmetry in the digital economy is only
possible through well-designed institutional frameworks and public policy designs. Protecting consumer
rights, establishing legal clarity for cybersecurity standards, regulating data privacy, and implementing
regulatory mechanisms that prevent unfair competition will lower transaction costs in the market. An
effective governance and regulatory framework to be executed by public authorities will reduce
uncertainty in digital markets, thereby facilitating rational decision-making at thegmicro level and
reinforcing systemic resilience and financial stability at the macro level. Particularly for emesging
economies whose institutional infrastructure is in a state of transition, the desigmof these regulatory

policies becomes a fundamental prerequisite for maintaining global competitiveness.

Accordingly, the primary objective of this study is to analyze the multidimensional relationship
among the concepts of the digital economy, information asymmetry, and trust from the perspectives of
institutional economics and policy design. By adopting a qualitative and concepfual methodology, the
study theoretically filters the role of regulatory publiefpoliciesiin reducing uneertainty, ensuring market
efficiency, and supporting sustainable growth paths in digitalimarkets. With the outputs to be obtained,
it is aimed to provide concrete and holistic recommendations to policymakers by emphasizing the

importance of institutional regulations in(building a digital trust@cosystem.

Existing studies predominantly addeess the digital economy from the perspectives of technology,
innovation, and the platform economy; however, theyaallocate limited space to the holistic evaluation of
digital trust within the axi§ of information asymmetry and institutional regulations. Concurrently, this

study aims to fill thisspecifie gap in the literature.

2. LITERATURE REVIEW

The structural transformations experienced in information and communication technologies have
fundamentally altered the functioning of traditional economic models and market mechanisms. In the
global literature, the phenomenon of the digital economy is addressed through a multidimensional
perspective, ranging from technical infrastructure maturity to institutional environmental regulations,
and from shifts in the labor market to social quality of life indicators. In this context, pioneering studies
examining the theoretical foundations of the digital economy and the socio-economic challenges it

encounters are reviewed in chronological order below.

In the study conducted by Antonelli (2003), how information and communication technologies
(ICT) interact with heterogeneous production factors and relative price mechanisms in a global open
economy is explained through the concept of "composition effects.” In this context, it is argued that
ICT-based radical innovations possess an inherently capital and skilled-labor-intensive (unskilled labor

saving) structure; therefore, potential productivity gains can only reach their highest level (actual
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productivity) in advanced economies where these production factors are relatively cheap and abundant,

triggering a global "digital divide."

The information asymmetry approach developed by Akerlof (1970) demonstrates that differences
in the level of information between buyers and sellers can distort market efficiency, leading to the
problem of adverse selection. Conceptualized within the framework of the "Market for Lemons" model,
this approach posits that the efficiency of the market mechanism may weaken if high-quality products
and services are evaluated under the same conditions as low-quality ones. The inability to fully observe
the quality of products, services, and data on a pre-transaction basis in the digital economy renders
information asymmetry more visible, demonstrating that the theoretical framework put forward by

Akerlof maintains its validity in the analysis of digital platform economies as well.

In the study authored by Brousseau and Pénard (2007), a modular analytical framework is
presented, aimed at facilitating the comparison of various business models used in the production of
knowledge products and digital services. This framework rests upon the dimensions of the "matching
economy," which manages the costs of bringing supply and demand together; the "assembly economy,"
which consolidates different digital modules into a functional package; and the "knowledge management
economy,”" which generates added value from user feedbacks. It emphasizes that users are no longer
merely passive consumers but, on the contrary, have become active actors who affect the distribution of

monopolistic competition rents by generating information.

In the research conducted by Bukht and Heeks (2017), the meaning and metrics of the digital
economy are examined, defining three core encompassing scopes. The authors conceptualize the core
area, where economic output is directly or primarily derived from business models producing digital
goods/services, as the "digital sector" (IT/ICT). They define the addition of emerging digital and
platform services to this sector as the true "digital economy," while distinguishing the pervasive use of

information technologies across all economic domains with the concept of the "digitalised economy."

In the study carried out by Bukht and Heeks (2018), the significance of digital economy processes
driven by digital technologies for developing countries and the structural barriers they face are evaluated
from a policy perspective. It is stated that countries in the Global South cannot capture the full
development potential of digitalization (digital dividends) due to inadequate technical infrastructure,
high costs, weak financial institutions, lack of capacity, and regulatory gaps. Furthermore, it is argued
that these processes lead to structural disadvantages such as digital exclusion, precarious work
(precarity), and cyber risks, thereby advocating for the establishment of flexible and multi-stakeholder

governance mechanisms (policy collaboratory).

In the practitioner commentary study presented by Amuso, Poletti, and Montibello (2019), the
asymmetric power relations and wage volatility created by crowd-work and platform-based business

models in the labor market are examined. While it is noted that digital platforms offer significant
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opportunities, such as transcending geographical boundaries to reduce discrimination for disadvantaged
groups and integrating small and medium-sized enterprises (SMEs) into global value chains (GVC), it
is stated that multi-layered public policy instruments, such as international "smart contract protections"

and "underemployment insurance," must be designed against the risks of precarity.

In the book published under the editorship of Ashmarina, Mesquita, and Vochozka (2020), the
digital transformation processes of the economy are addressed through a multidimensional and
interdisciplinary perspective, encompassing topics such as institutional traps, cybersecurity, legal
liability regimes in autonomous systems, export marketing, human capital accounting, innovation
management, and digitalization gaps in the education system. While the chapters in the book emphasize
that information technologies and Industry 4.0 transformations fundamentally reshape traditional
industrial value chain structures, attention is drawn to the fact that infrastructure maturity and
legal/ethical regulations must be executed simultaneously for these processes to generate sustainable

macroeconomic growth and systemic resilience.

In the systematic literature review conducted by Georgieva, Akimbaeva, Askarova, and
Kyzdarbekova (2020), it is argued that the digital economy alone cannot be a prescription for the
problems of all socio-economic systems, and that these processes can only create added value when
supported by a strong institutional environment, state policies, and organizational cultural
transformation (digital culture). The researchers state that despite the potential of end-to-end
technologies to increase efficiency in firms, they harbor serious challenges regarding the prioritization
of investments and the clarification of monetization tactics of business models; therefore, digital

transformation must be planned together with macro and micro-level analog complements.

In the review article written by Tleubergenova and Serimbetova (2023), the potential of
digitalization to increase market efficiency by reducing transit costs, eliminating information
asymmetry, and utilizing large-scale network effects is discussed at a theoretical level. The authors
emphasize that in the post-industrial transformation process, the most advantageous firms are platform
structures that possess intellectual/digital resources rather than tangible physical assets (as exemplified
by Google, Uber, and Booking). Conversely, they argue that the pace of digital transformation advancing
ahead of existing legislation and laws may violate competitive principles, and that special regulatory

models must be developed to protect consumer safety.

In the comprehensive bibliometric and systematic literature research conducted by Ozbay and
Yilmaz Geng¢ (2023), the historical evolution and metamorphosis of concepts such as the "new

nn

economy," "e-commerce," "digital currency," and "blockchain" in the academic literature from 1999 to
2023 are filtered. The study reveals that the intrinsic characteristics of the digital economy—such as
shapelessness, global reach, moligopolistic/monopolistic platformization, and excessive reliance on

intangible assets—render traditional economic theories and antitrust laws dysfunctional. It confirms the
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need for an interdisciplinary (philosophical, sociological, and econometric) academic consensus to

manage the emerging risks of social polarization, stock market volatility, and data privacy.

In the empirical research conducted by Basol and Yal¢in (2024), based on 2022 data from 27
European Union countries, the impact of the Digital Economy and Society Index (DESI) on the Quality
of Life Index (QoLlI) was tested using Partial Least Squares Structural Equation Modeling (PLS-SEM).
The results of the analysis, carried out using SmartPLS 4 software, indicate that the DESI dimensions—
comprising connectivity, digital public services, human capital, and the integration of digital
technologies—statistically increase the QoLI indicators, which consist of individuals' purchasing power,

quality of healthcare services, and cost of living components, at a highly robust and positive level.

The literature generally demonstrates that the digital economy must be addressed not only through
its technological dimensions but also through its institutional and governance dimensions. However,
while a significant portion of existing studies evaluates digital trust through individual behaviors or
technological infrastructure, studies that comprehensively address the role of institutional regulations in

reducing information asymmetry remain limited.

3. METHODOLOGY

In this study, a qualitative and conceptual research method has been adopted to examine the
relationship between the digital economy and trust from the perspective of institutional regulations and
public policies. Rather than grounding the transformations brought about by digitalization on empirical
(numerical) data, the research design aims to conceptualize and make sense of these shifts by filtering

them through current theoretical debates and the literature.

The methodological process consists of two fundamental steps: First, the link between the
problem of information asymmetry in digital environments and the institutional frameworks that serve
to mitigate this issue is addressed at a theoretical level. In the second step, the impacts of public policies
on macroeconomic stability and market efficiency are examined by evaluating current literature and
policy debates. Through these conceptual arguments, the study aims to demonstrate the importance of

well-designed institutional rules in constructing a digital economic environment.

The conceptual framework established within the scope of this study is based on the assumption
that information asymmetry in the digital economy leads to market failures such as adverse selection
and moral hazard, which in turn deepens the issue of digital trust. In the study, it is recognized that
institutional regulations and public policies reinforce digital trust, lower transaction costs, and enhance
market efficiency by reducing information asymmetry. This process is ultimately projected to contribute
to the strengthening of macroeconomic stability and systemic resilience, thereby supporting sustainable
economic growth and global competitiveness. The network of conceptual relationships followed in this

direction constitutes the core theoretical framework guiding the analysis process of the study.
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Within this context, databases such as Web of Science, Scopus, Google Scholar, and relevant
international working papers were screened to evaluate studies situated on the axis of the digital

economy, information asymmetry, institutional economics, and public policies.
4. CONCEPTUAL FRAMEWORK AND POLICY DESIGN

4.1.Information Asymmetry in Digital Markets and the Role of Public Policies in Reducing

Uncertainty

Unlike traditional market structures, the process of digitalization has created a dynamic
environment where buyers and sellers do not meet in a physical context, and the quality of a product or
service can only be fully comprehended at the consumption stage (Zagler, 2002). This situation leads to
a profound information asymmetry among economic actors and, consequently, to chronic risks of market
failure such as adverse selection and moral hazard (Georgieva, Akimbaeva, Askarova & Kyzdarbekova,
2020). This asymmetric structure further deepens the informational gap between users and large
platforms that possess data collection and analysis capacities (Akerlof, 1970; Martens, 2016). In these
digital markets where traditional registration and certification mechanisms remain inadequate,
informational distortions lead to a "market for lemons" phenomenon, which causes high-quality labor

or services to be priced below their actual value (Akerlof, 1970; Fallah, 2026).

Micro-scale solutions developed within digital platforms, such as user reviews, star ratings, or
seller references, remain insufficient on their own to ensure security against organized structural risks
such as cyber fraud, fake data generation, and data breaches (Brousseau & Pénard, 2007; Timofeeva,
2020). The rapid growth of the share of these knowledge-intensive sectors within total output
demonstrates the challenges of determining the quality of digital outputs on a pre-transaction basis;
hence, this situation indicates that the ex-ante (pre-transaction) qualitative uncertainty of digital outputs

is profound enough to cause measurement biases even at the macro level (Nordhaus, 2001).

Conceptual analyses demonstrate that digital markets cannot generate a completely transparent
and secure operational mechanism entirely on their own (Zagler, 2002). At this juncture, public policies
and regulatory rules emerge as a fundamental intervention tool that reduces uncertainty by clarifying
the flow of information (Bukht & Heeks, 2018). Adapting consumer rights to the digital sphere, updating
e-commerce laws, and rendering cybersecurity standards a legal obligation prevent informational
distortions in the market (Ashmarina, Mesquita & Vochozka, 2020). It is observed that these clear and
binding legal boundaries set by public authorities minimize informational distortions, thereby enabling
the formation of a predictable, transparent, and secure commercial space for economic agents

(Tleubergenova & Serimbetova, 2023).

4.2. Mechanisms and the Construction of Digital Trust
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Within the framework of the fundamental tenets of institutional economic theory, institutions are
structures that regulate social and economic interactions, reduce uncertainties, and establish the "rules
of the game" (Zagler, 2002). The tendencies of actors in the digital economy to transact in areas such as
data sharing, digital payment systems, and intellectual property rights are directly dependent on the
existence of an unshakeable legal guarantee (Ozbay & Yilmaz Geng, 2023). Regulations protecting data
privacy, digital signatures, secure authentication systems, and auditing mechanisms that prevent unfair
competition constitute the cornerstones of the institutional infrastructure in the digital ecosystem

(Revina, Paulov & Sidorova, 2020).

However, due to the uniquely fluid structure of the digital world, the micro-level perception of
trust developed among individual actors (such as user ratings or intra-platform references) remains
insufficient on its own to prevent systemic risks and data misuses. Reputation and feedback systems on
digital platforms can function as biased, manipulation-prone "black boxes" that are far from transparent
(Ranchordas, 2017). Furthermore, the deficiencies in users' authentication processes within these
networks and the ability of malicious actors to re-enter the system by changing identities (whitewashing)

severely limit the effectiveness of intra-platform trust mechanisms (Turi, 2020).

The institutional mechanisms in question close the trust gap between the parties, thereby
increasing the enforceability of digital contracts and significantly lowering transaction costs in the
market (Brousseau & Pénard, 2007). The more clearly, deterrently, and inclusively the institutional and
legal infrastructure is designed, the more the "digital trust" of economic actors in the system is reinforced
(Amuso, Poletti & Montibello, 2019). The findings obtained in this direction reveal that well-structured
institutional regulations are the most fundamental driving force that ensures the sustainable growth of
the platform economy and digital trade volume by constructing a digital trust ecosystem (Basol &

Yalgin, 2024).

4.3. Reflections of Institutional Regulations in Emerging Economies: Macroeconomic

Stability and Systemic Resilience

The transformations brought about by digital technologies and the emerging business models
arising therefrom harbor both significant opportunities and severe vulnerabilities for emerging
economies whose institutional and legal infrastructures have not yet matured (Bukht & Heeks, 2018).
Emerging countries display a structure that is more vulnerable to cyber threats, uncontrolled data and
capital flows, and unfair competitive conditions created by platform monopolies (Antonelli, 2003). In
this context, an effective digital regulation framework established through public policies holds strategic
importance for the protection of the economic system at the macro level (Belanova, Kornilova &
Sultanova, 2020). In emerging markets where institutional volatility and uncertainty are high, the
accurate interpretation of macroeconomic indicators and market movements is only possible through

the reliability of institutional anchors and official information channels (Maciel, 2026). For this reason,
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instead of top-down and rigid regulations, the formation of flexible institutional frameworks that can
adapt to dynamic market processes and protect the consumer without blocking innovation emerges as a

critical necessity for macroeconomic stability (Koopman et al., 2015).

Indeed, well-designed public policies and regulatory instruments directly contribute to
macroeconomic stability by ensuring the recording of digital financial flows, thereby facilitating the
fight against cybercrime, reducing the share of the informal economy, and protecting state tax revenues
(Andrianova, 2020). Consequently, the effective and comprehensive implementation of institutional
regulations serves as a fundamental safeguard that enhances the systemic resilience capacity of the
national economic system against external shocks and financial fluctuations that may stem from the

digital economy (Ermolaev, Matveev, Trubetskaya, Lunin & Snarskaya, 2020).

5. CONCLUSION

The process of digitalization has dismantled traditional production and trade patterns in the global
economic system, constructing a new knowledge-based and network-oriented market order. Although
the potential of knowledge-intensive sectors and innovative service varieties to trigger macroeconomic
growth is remarkably high, this transformation simultaneously brings about a structural productivity
paradox, platform monopolization, a global digital divide, and risks of precarity in labor markets. In
digital environments where the informational structure becomes complexified and parties do not meet
physically, the inability to determine output quality prior to a transaction creates a chronic information
asymmetry. Faced with this asymmetric structure that leads to market failures such as adverse selection
and moral hazard, micro-level solutions like intra-platform user ratings remain insufficient on their own
to prevent systemic risks. This situation renders it mandatory to reconstruct the concept of trust—an
invisible mechanism for the sustainability of economic transactions—through an institutional approach
and by means of public policies. As institutional economic theory points out, the more clearly,
inclusively, and deterrently the institutional and legal infrastructure regulating economic interactions
and setting the rules of the game is designed, the more the digital trust of actors in the system is
reinforced. Particularly for emerging economies that are more vulnerable to technical inadequacies,
cyber threats, and platform monopolies, these public regulations function as a core protective shield that

enhances macroeconomic stability and systemic resilience capacity against financial fluctuations.

In this direction, to minimize the structural risks brought by the digital economy and to build a
sustainable digital trust ecosystem, legal legislation must first be adapted to the pace of digital
transformation and flexible governance mechanisms must be established. E-commerce laws and
consumer rights should be dynamically updated to encompass next-generation financial technologies,
data privacy, and intangible assets in digital environments. To reduce information asymmetry and ex-
ante (pre-transaction) qualitative uncertainty on digital platforms, public authorities must develop

transparent information-sharing standards and independent auditing mechanisms. Furthermore, to
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prevent cyber fraud and data breaches, systems such as end-to-end encryption, digital signatures, and
secure authentication must be rendered legal obligations, thereby reinforcing the legal guarantees of the

institutional infrastructure.

Another critical step for preserving market efficiency and macroeconomic stability is the renewal
of antitrust laws and competition principles according to digital dynamics, which will counteract the
monopolistic tendencies generated by big tech firms. These regulations will prevent small and medium-
sized enterprises from being crushed under monopolistic platform rents, facilitating their fair integration
into global value chains. Simultaneously, to balance the asymmetric power relations and wage volatility
deepened in the labor market by the gig economy and crowd-work models, multi-layered social safety
nets—such as smart contract protections and underemployment insurance that safeguard worker
rights—must be deployed. Moreover, to protect the state's tax base and reduce informality, all financial

flows and monetization tactics conducted through platforms must be transparently recorded.

Finally, bridging the global digital divide and ensuring that public regulations translate into
macro-level, full-scale productivity is only possible if investments in technological infrastructure are
planned alongside analog complements. Particularly, technical infrastructure deficiencies and high costs
in emerging countries must be eliminated through public support. For technological investments to
transform into clear economic outputs and increases in social welfare, human capital investments must
be scaled up, digitalization gaps in the education system must be closed, and a robust digital culture
transformation must be encouraged at the organizational level. Sustaining global competitiveness and
supporting sustainable growth paths can only be realized through these holistic, flexible, and multi-

stakeholder policy designs that solidify the digital ecosystem with legal safeguards.

This study offers a conceptual contribution to the literature by demonstrating that digital trust
cannot be explained solely through individual trust relationships, but rather that institutional regulations,
public policies, and mechanisms reducing information asymmetry must be evaluated collectively. For
future research, empirically testing the proposed conceptual framework through different country cases

or panel data analyses will provide significant contributions to the literature.
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AGRICULTURAL HUMAN APPROACH IN SUSTAINABLE GROWTH: A FINTECH-
BASED MULTI-COUNTRY COMPARATIVE ANALYSIS

Nazmiye AVCI
Ayhan ORHAN™

ABSTRACT

This study introduces the concept of Agricultural Human as a human-centered framework for
explaining sustainable agricultural transformation. The study aims to examine how financial
technologies, digital capabilities, education, institutional support, and techiiology adoption jointly
contribute to sustainable agricultural growth. A qualitative comparative case analysis was\conducted
using evidence from Kenya, India, China, and Tiirkiye. The findings show that countries follow different
development paths while reaching a common outcome. Kenya demonstrates the gole of financial
inclusion, India emphasizes education and continuous learmiing, China highlightstthe contribution of
digital finance and public policies, and Tiirkiye reveals that technological potential alone is insufficient
without strengthening producers' digital, financialf and institutional ‘capacities. The study concludes
that technology and financial innovation are necessary but insufficient conditions for sustainable
agricultural growth. Their effectiveness depends on producers' ability to adopt, integrate, and effectively
use these opportunities. Accordingly, the Agricultural Human framework places human capacity at the
center of agricultural transformation and provides a human-centered perspective for future agricultural

policies.

Keywords: Agricultural Human, Agriculture 4.0, Financial Technologies, Financial Inclusion,

Sustainable Agricultural Growth.

JEL Codes: Q16, 033, G21.

SURDURUREBILIR BUYUMEDE TARIM iINSANI YAKLASIMI: FINANSAL
TEKNOLOJILERTEMELLI COK ULKELiI KARSILASTIRMALI BiR ANALIZ

OZET

Bu calisma, siirdiiriilebilir tarimsal doniisiimii agiklamak amactyla Tarim Insam (Agricultural
Human), kavramn insan odakli bir ¢ergeve olarak onermektedir. Calismanmin amaci, finansal
teknolojiler, dijital yetkinlikler, egitim, kurumsal destek ve teknoloji benimsemesinin stirdiiriilebilir
tarimsal biiyiimeye ortak katkisini incelemektir. Bu kapsamda Kenya, Hindistan, Cin ve Tiirkiye
ornekleri nitel karsilastirmalt durum analizi yontemiyle degerlendirilmistir. Bulgular, iilkelerin farkl
gelisim yollart izlemelerine ragmen benzer bir sonuca ulagtigimi gostermektedir. Kenya finansal

kapsayiciligin onemini ortaya koyarken, Hindistan egitim ve siirekli ogrenmenin roliinii, Cin dijital
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finans ve kamu politikalarinin katkisimi, Tiirkiye ise teknolojik potansiyelin tireticilerin dijital, finansal
ve kurumsal kapasiteleri giiclendirilmeden tek basina yeterli olmadigini géstermektedir. Sonug olarak
teknoloji ve finansal yenilikler stirdiiriilebilir tarimsal biiyiime icin gerekli ancak tek basina yeterli
degildir. Bu unsurlarin bagarisi, iireticilerin bu firsatlar: benimseme, biitiinlestirme ve etkin kullanma
kapasitesine bagldir. Bu dogrultuda Tarim Insam yaklasimi, tarimsal doniisiimiin merkezine insan

kapasitesini yerlestirmektedir.

Anahtar Kelimeler: Tarim Insami, Tarim 4.0, Finansal Teknolojiler, Finansal Kapsayicilik,

Stirdiiriilebilir Tarimsal Biiyiime.

JEL Kodlari: 016, 033, G21.

1. INTRODUCTION

One of the greatest paradoxes in human history is that, although agriculturalproduction has
increased to an unprecedented level, problems related to foed,security, the sustaimable use of natural
resources, and rural development have become increasingly wisible during the same period.
Technological developments over the last half-gentury, haversignificantly increased agricultural
productivity, and production processes have been reshaped through mechanization, automation, and
digitalization. Nevertheless, climate change, land degradation,, the depletion of water resources,
biodiversity loss, and the difficulties experienced by small-scaleproducers in accessing finance indicate
that evaluating agricultural growth(solely,in térms of production volume is insufficient (Birthal et al.,
2015; Ruzzante et al., 2021). Therefore, the primary/objective today is no longer merely to increase
production but to establishf@n agricultural production system capable of balancing economic efficiency
with environmental and social sustainability (World Commission on Environment and Development

[WCED], 1987).

The ttansformation in agricultural production is explained in the literature through the process of
technological development extending from Agriculture 1.0 to Agriculture 4.0. This process has evolved
from traditional ‘productiompbased on human labor to mechanization, precision agriculture, and data-
drivenismartsfarming systems. Throughout this transformation, the Internet of Things (IoT), big data,
artificial mtelligence, remote sensing, and blockchain technologies have enabled production processes
to be managed more effectively (Wolfert et al., 2017). However, technological progress alone does not
guarantee sustainable agricultural development. The transformation of technology into economic,
environmental, and social benefits depends on the existence of human capacity capable of using it

effectively.

Accordingly, a significant paradigm shift has emerged in the literature. While agricultural success
was evaluated for many years in terms of production volume and productivity growth, the concept of
sustainable growth has made product quality, the conservation of natural resources, and the

improvement of rural welfare integral components of the process. Recent studies show that an increase
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in production volume does not always lead to improvements in product quality and sustainability;
intensive input use and short-term productivity targets may generate adverse long-term effects on soil
health, ecosystem balance, and production quality (Birthal et al., 2015; Ruzzante et al., 2021). Therefore,
the main debate regarding sustainable agricultural growth focuses not on producing more, but on how

to establish a balanced production model between productivity and quality.

One of the important components of this transformation process is financial te€hnologies
(FinTech). Mobile payment systems, digital lending platforms, agricultural insurance, and data-driven
financing models support the diffusion of digital agricultural technologies by facilitating small-scale
producers' access to financial services (Arner et al., 2017; Beck et al., 2007; Demirgic-Kuntet al., 201.8)¢
Nevertheless, studies indicate that financial access alone is not sufficient; the ‘siiccess of Finlech
applications is closely associated with producers' digital literacy, financial knowledge, and capacity to
adopt innovations (Ozili, 2018). This suggests that agricultural transformation deépends not only on

technology and finance but also on the human capacity to use these tools effectively.

Nevertheless, the existing literature largely addresses Agriculture 4.0<technologies, financial
inclusion, and sustainable production as separatefarcashof inguiry. ‘Although the development of
technological infrastructure, the expansion of access, to finance, and the promotion of sustainable
production practices are important, studiesgthat comprehensively examine the digital, financial, and
environmental capabilities of producers atthe center of this transformation remain quite limited. In other
words, the literature includes technologys, findnce, and sustainability; however, the human factor that
brings these three elements togetherito achieve sustaimable transformation has often remained in the

background.

To address this conceptual gap, this study proposes the Agricultural Human approach.
Agricultural Humaniefers to a new generation of producers who can effectively use digital technologies,
benefit from financial instruments, make data-driven decisions, adopt environmental sustainability as
an integral partof productioniprocesses, and remain open to continuous learning. Within this framework,
thedstudy ‘comparatively “€xamines Kenya, India, China, and Tiirkiye in terms of FinTech-based
agricultural transformation and discusses the central argument that sustainable agricultural growth
depends not only on investments in technology and finance but also on developing the Agricultural
Human'¢apacity capable of effectively utilizing these investments. In this respect, the study aims to
make a gonceptual contribution to the literature by bringing together the fields of agricultural economics,
financial technologies, and sustainable development within a common human-centered theoretical

framework.

2. LITERATURE REVIEW

Agricultural production is not only one of the oldest economic activities in human history but also

a dynamic sector that has continuously adapted to economic, technological, and social transformations.
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Population growth, urbanization, and increasing global food demand have driven the agricultural sector
toward higher productivity and more efficient resource utilization, leading to significant transformations
in production techniques. Today, agricultural development is evaluated not only in terms of production
volume but also in relation to sustainable growth, product quality, the conservation of natural resources,

and rural welfare.

In the literature, agricultural transformation is generally examined in four stages: Agriculture 1.0,
Agriculture 2.0, Agriculture 3.0, and Agriculture 4.0. Agriculture 1.0 refers to production systems based
on human labor and traditional knowledge, whereas Agriculture 2.0 significantly inereased production
capacity through mechanization, chemical fertilizers, and modern irrigation" techniques. “With
Agriculture 3.0, precision agriculture practices emerged through the use of iglobal ‘pesitioning systems
(GPS), geographic information systems, remote sensing, and sensor technologies. Today, Agriculture
4.0 is characterized by the integration of big data, the Internet of Things (IoT), artificial intelligence,
robotics, cloud computing, and blockchain technologies into agricultural production. According to
Wolfert et al. (2017), these technologies not only digitalize production processes but also optimize

resource utilization and reduce production risks throughidata-driven decisionsmaking mechanisms.

Nevertheless, throughout all stages of technological transformation in agriculture, success was
evaluated for many years in terms of produetion volume'and productivity. However, with the growing
prominence of the concept of sustainable development, the approach focusing solely on production
growth has begun to be criticized. While the intensive use of chemical inputs and the excessive
consumption of natural resources inetease productiondn the short term, they may also lead to significant
long-term problems, suchdas the deterioration of\soil quality, the pollution of water resources, and the
loss of biodiversity. Thereforeyit is now widely recognized that agricultural success should be evaluated
not only in terms of productiom, volume but also in relation to product quality, environmental
sustainability, and the'efficient use of‘natural resources. Birthal et al. (2015) and Ruzzante et al. (2021)
emphasize thapsustainableagricultural growth should be addressed through a holistic approach that goes
beyofid productivitydgrowth to include the effective use of technologies and the conservation of

resources.

Thisidiscussion demonstrates that Agriculture 4.0 technologies are not sustainable growth itself
but rather tools for achieving sustainable growth. The transformation of the advantages provided by
digital technologies into economic and social benefits is directly related to the extent to which these
technologies are adopted and effectively utilized by producers. The performance differences observed
among producers with access to the same technologies also indicate that agricultural transformation
cannot be explained solely from a technological perspective. Accordingly, the central debate in the
literature has shifted from the question, "Which technologies should agriculture use?" to the question,

"How can the human capacity capable of using these technologies effectively be developed?"
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This approach has gained increasing acceptance in the digital agriculture literature. Klerkx et al.
(2019) argue that the success of digital agriculture depends not only on technological infrastructure but
also on producers' level of knowledge, learning capacity, institutional support mechanisms, and ability
to adapt to innovations. This view is also consistent with Becker's (1993) Human Capital Theory and
Rogers' (2003) Diffusion of Innovations Theory. According to Becker, investments in education,
knowledge, and skills are among the fundamental determinants of economic growth, whereas Rogers
demonstrates that the adoption of technological innovations is influenced by factors such as individuals'
educational level, risk perception, and social environment. Therefore, differences in the performance of
producers with the same technological infrastructure can be explained more by differences in human

capital than by technological differences.

The sustainability of technological transformation is also closelyptelated to access to financial
resources. Since the adoption of digital technologies requires substantial imvestment costs, financial
systems have become an integral component of agricultural transformation. Beck et al. (2007) state that
well-developed financial systems accelerate economic growth by, supporting dnvestment. However,
traditional financial systems are known to be inadequate,in meecting the credit and financing needs of

small-scale producers.

At this point, FinTech applicationsgoffer significant opportunities. Arner et al. (2017) define
FinTech as the redesign of financial serviees through digital technologies, whereas Vives (2019) argues
that this transformation enhances (financial iniclusion by supporting the participation of populations
previously excluded from the financial systemiin the e¢onomic process. In the agricultural sector, mobile
payment systems, digital Jénding platforms, and data-driven financing models have become important
instruments that facilitate small-scale producers' access to finance and support investments in
technology. Accofdingly, FinTechiis regarded not only as the digitalization of financial services but also

as a mechanism that promotes the diffusion of agricultural technologies.

Nevertheless, ¥financial, technologies alone do not guarantee sustainable transformation. The
Global Findex study by Demirgii¢-Kunt et al. (2018) shows that increased access to financial services
does not necessarily mean that these services are used effectively. Similarly, Ozili (2018) states that the
economic impact of digital finance is directly related to users' level of financial literacy, digital skills,
and trustyin technology. Therefore, technology and finance can contribute to sustainable agricultural

transformation only when supported by the human capacity to utilize them effectively.

2.1. Conceptual Gap in the Literature

A review of the existing literature reveals that a substantial body of knowledge has been
developed on Agriculture 4.0 technologies, sustainable production, and FinTech applications. However,
these studies primarily focus on either technology or finance and do not address the producer at the

center of this transformation through a holistic perspective. The development of technological
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infrastructure or the expansion of financial access alone does not guarantee sustainable agricultural
transformation. The performance differences observed among producers with access to the same
technologies and financial instruments clearly demonstrate the decisive role of knowledge, skills, and

adaptive capacity.

Therefore, it can be argued that studies integrating technology, finance, and sustainability within
the framework of human capital remain limited in the literature. This study addresses thise€onceptual
gap through the Agricultural Human approach. Agricultural Human refers to a new generation of
producers who can effectively use digital technologies, benefit from financial dnsttuments, regard
environmental sustainability as an integral part of production decisions, remain open tQ\continueus
learning, and adapt to change. This approach is based on the assumption that sustainable agricultural
growth depends not only on investments in technology and financesbut,alsojon the human capacity

capable of effectively utilizing these investments.

3. RESEARCH DESIGN AND METHODOLOGY

This study was designed as a qualitative comparative study thatieval@iates the effects of FinTech
applications on producers within the framework of the Agricultural Human approach in the process of
sustainable agricultural growth. The main assumption‘of the study is that agricultural transformation
cannot be explained solely by technological developments ofifinancial innovations; rather, the success
of this transformation depends ongthe, human capacity capable of adopting these innovations and
effectively integrating them into productiomyprocesses, consistent with the human capital perspective
proposed by Becker (1993)¢Accordingly, the study aims to identify the common dynamics supporting
sustainable agricultural{growth by comparingfcountries with different socioeconomic structures and

levels of digitalization.

The study adopts,a qualitative ‘comparative literature analysis method. This method enables the
systematic compatison of different country experiences and the evaluation of findings from the existing
literaturéywithin a common conceptual framework (Klerkx et al., 2019). The objective of the study is
not ‘merely to describe the FinTech solutions implemented in different countries but also to analyze,
from a holistic petspective, the effects of these applications on producers' behavior, technology adoption
processes, andysustainable agricultural growth. In this respect, the analysis is informed by the theoretical

perspectives of technology adoption and diffusion proposed by Rogers (2003).

Within the scope of the study, Kenya, India, China, and Tirkiye were selected as case studies.
These countries, identified through purposive sampling, represent different dimensions of agricultural
digital transformation. Kenya represents the impact of mobile money systems on rural financial
inclusion; India represents the role of education and learning processes in the adoption of digital
agricultural technologies; China represents a transformation model in which public policies and digital

inclusive finance operate together; and Tiirkiye represents a country undergoing the development of
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digital agricultural policies with significant transformation potential. This diversity makes it possible to
comparatively evaluate the Agricultural Human approach under different economic and institutional

conditions.
The countries were examined using a common analytical framework in terms of:
(1) FinTech infrastructure and financial inclusion;
(1) producers' digital and technological adaptation;
(ii1) public policies and institutional support mechanisms; and
(iv) their contributions to sustainable agricultural growth.

The analytical framework was developed based on the literature on digital agriculture, financial
inclusion, technology adoption, and sustainable agricultural transformation (Beck ‘et al., 2007;
Demirgiig-Kunt et al., 2018; Wolfert et al., 2017; Klerkx et al., 2019). Accordingly, both successful

practices and structural limitations were analyzed within the same evaluation framéwork.

The study draws on international peer-reviewedgournal articles, reportSpublished by international
organizations, official institutional publications, and recent'pelicy documents as its data sources. The
literature review was based on studies recognized as foundational inthe fields of FinTech, financial
inclusion, digital agriculture, technology adeption, and ‘sustainable agricultural development. The
findings were evaluated comparativelysand interpretéd within the framework of the Agricultural Human
approach. In this respect, the study aimsito bring together knowledge generated across different

disciplines within a common’human-centered conceptual framework.
4. COMPARATIVEICOUNTRY ANALYSES

4.1. Kenya: Transformation Driven by Mobile Finance

Kenya 1§ oneyof theymost remarkable country examples in demonstrating the transformative
impact of financial téchnologies on the agricultural sector. For many years, small-scale producers living
in rural areas had limited access to basic financial services such as credit, savings, and insurance due to
thedinsufficient mamber of bank branches, high transaction costs, lack of collateral, and low income
levels. This situwation not only constrained agricultural investment but also slowed the adoption of new

production technologies (Mbiti & Weil, 2011).

In Kenya, the widespread adoption of mobile money systems played a decisive role in overcoming
this structural problem. In particular, with the development of the M-Pesa platform, financial services
began to be delivered through mobile phones independently of the traditional banking system,
significantly increasing financial inclusion in rural areas. Jack and Suri (2014) demonstrate that mobile
money systems not only facilitate money transfers but also support the financing of agricultural

production by increasing households' resilience to income fluctuations. Similarly, Suri and Jack (2016)
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show that mobile finance applications positively influence the investment decisions of small-scale

producers and contribute to reducing rural poverty.

Nevertheless, the Kenyan experience also demonstrates that success did not result solely from the
establishment of digital financial infrastructure. Producers' trust in technology, the ease with which
services could be used in everyday life, and their adaptation to local needs were decisive factors in the
widespread adoption of mobile finance applications. According to Aker (2011), mobile technologies
support rural development by facilitating access to information, reducing transaction \costs,_and
accelerating decision-making processes. Therefore, in the case of Kenya, the transfofmatien is‘based not

only on technology but also on producers' capacity to adopt and effectively utilize that technology.

The Kenyan experience demonstrates that sustainable agricultural growth cannot be achieved
solely through the widespread adoption of financial technologies. Digitalfinancial tools ‘have increased
producers' investment capacity and reduced their financial vulnerability; however, theitsansformation of
these gains into sustainable outcomes has been possible emly, through producershfinancial literacy,
digital skills, and ability to adapt to new applications. In this respect, Kenya can be regarded as one of
the leading country examples demonstrating that sustainable agricultural transformation depends less
on technological infrastructure itself than on the human capagcity capable of using that infrastructure
effectively, thereby illustrating the dimensiens of financial capability and digital adaptation embodied

in the Agricultural Human approach.

4.2. India: The Role of Education and Human Capital in Technology Adoption

Although India has ade significant investments in promoting the diffusion of digital agricultural
technologies, this transformation cannot be explained solely by technological infrastructure. Owing to
its large agricultdral productionjeapacity, the predominance of small family farms, and regional
disparities in.development, India represents one of the most complex examples of digital transformation.
Therefore, the,Indian experience demonstrates that access to technology alone is insufficient; rather,
producers’ educational attainment, digital literacy, and capacity to adopt innovations play a decisive role

in theéysuccess of this transformation.

In reéeent years, digital agricultural platforms, mobile applications, and decision support systems
have significantly facilitated producers' access to market information, weather forecasts, production
recommendations, and financial services. However, the level of utilization of these technologies varies
considerably across regions and producer groups. Naik and Krishna (2021) argue that the success of
digital agriculture depends not only on technological infrastructure but also on producers' educational
level, perceptions of technology, and the effectiveness of agricultural extension services. Similarly,
Alamsyah et al. (2024) emphasize that technical training and behavioral transformation must be

addressed together for digital applications to generate sustainable outcomes.
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The literature indicates that the technology adoption process cannot be explained solely by
technical knowledge. Rakholia et al. (2024) demonstrate that farmers' decisions regarding new
technologies are influenced not only by economic expectations but also by risk perception, social
environment, and previous experience. Likewise, Sharma et al. (2025) argue that trust, willingness to
learn, and psychological readiness are as important as technological infrastructure in promoting the
adoption of digital agriculture. These findings are consistent with Rogers' (2003) Diffusion of
Innovations Theory and indicate that the success of technological innovations depends on| the learning

and adaptive capacities of the individuals who use them.

The Indian experience also demonstrates that the relationship between FinTech and digital
agriculture is strengthened through human capital. While digital payment systems, online lending
platforms, and mobile finance applications facilitate producers' access toifinancial services, the effective
use of these instruments largely depends on financial literacy and digital skillsiSuceena and Dani (2024)
state that the sustainable impact of digital finance applications can be achieved only when they are
supported by educational programs and agricultural extension agctivities. Thisdfinding indicates that
financial inclusion can be achieved not only through theiwidespread availability of financial instruments

but also through the development of producers' capacity to use,these instruments effectively.

In conclusion, the Indian case demonstrates that sustainable agricultural transformation depends
not only on investments in technology butalso on investments in human capital. The benefits generated
by digital technologies and FinTech applications increase in proportion to producers' learning capacity,
digital literacy, and ability to adaptito change. In this respect, India provides an important country
example that clearly illustrates the dimensions of continuous learning, digital capability, and technology

adoption embodied inythe Agricultural Human approach.

4.3. China: Agricultural Transformation Through Digital Financial Inclusion and Public

Policies

China is“among the leading countries accelerating agricultural transformation through the
simultaneous implementation of digital financial inclusion, smart agriculture technologies, and strong
public policies. Tmsecent years, the combined implementation of artificial intelligence, big data, digital
agriculture applications, and rural development policies has made China one of the most remarkable
examples of technology-driven agricultural transformation. Nevertheless, the existing literature
indicates that this success stems not only from advanced technologies but also from the integrated design

of technology, finance, and public policies.

One of the fundamental components of China's agricultural transformation strategy is the
expansion of digital financial inclusion. The provision of credit, insurance, and payment services
through digital platforms to small-scale producers who were previously underserved by the traditional

financial system has facilitated the financing of agricultural investments and accelerated access to

207



ICOAEF-XV International Conference on Applied Economics and Finance
May 11"-12", 2026 / Bishkek- KYRGYZ REPUBLIC

technological innovations. Fu and Guo (2025) demonstrate that digital financial inclusion not only
improves access to finance but also strengthens producers' willingness to invest in new technologies,
thereby supporting agricultural productivity and rural economic vitality. In this respect, FinTech

functions as a complementary component of China's digital agriculture policies.

Another distinguishing feature of China's transformation model is the integration of digital
technologies with environmental sustainability objectives. Liu et al. (2024) argue that digital
technologies enable more efficient management of fertilizer, water, and energy use, thereby increasing
resource efficiency while reducing environmental pressures. Similarly, Peng et al.(2023)"state that
digital applications contribute not only to increasing production volume but also to promoting green
agricultural practices. These findings indicate that China regards digital transformation as a, key

instrument for achieving not only economic growth but also environmental sustainability.

Nevertheless, the literature also demonstrates that strong public \policiesgand advanced
technological infrastructure alone are not sufficient. Xu & Wang (2023) emphasizefthat the success of
digital transformation programs is directly related to producers' digital skills,‘educational attainment,
and capacity to adopt new applications. Even in régionsiwithiadvanced technological infrastructure,
technologies have not been utilized to the expected extent among producer groups with low levels of
digital literacy. This indicates that digital transformation ismot merely a technical process but a structural

transformation that must be supported by'continuous investment in human capital.

In conclusion, the Chinese expericnee demonstrates that sustainable agricultural growth cannot
be explained solely by investments inadvanceditechologies or strong public policies. Digital financial
inclusion, smart agricultlire, applications,jand environmental sustainability policies provide a strong
foundation for transformation;however, the success of these systems ultimately depends on producers'
knowledge, skills, and capacity to adapt to change. In this respect, China provides an important country
example demonstrating that the Agricultural Human approach should encompass not only digital and

financial capabilitiesibut alsgecological awareness and institutional adaptability.

4.4. Tiirkiye: From Digital Agriculture Potential to the Agricultural Human Approach

Although Tirkiye possesses significant agricultural production potential due to its climatic
diversityj, extensive agricultural production structure, and strategic geographical location, it is among
theycountries where digital transformation has not yet reached the desired level of diffusion at the
produeer level. In recent years, important policy initiatives have been undertaken in the fields of digital
agriculture, smart farming technologies, and financial digitalization. In particular, digital agriculture
projects implemented by the Ministry of Agriculture and Forestry have aimed to increase productivity
in agricultural production (Republic of Tiirkiye Ministry of Agriculture and Forestry, 2024).
Nevertheless, existing studies reveal that, despite improvements in technological infrastructure, the level

of digitalization varies considerably across regions and farm sizes.

208



ICOAEF-XV International Conference on Applied Economics and Finance
May 11"-12", 2026 / Bishkek- KYRGYZ REPUBLIC

In the case of Tiirkiye, the central debate revolves around why technological potential does not
always translate into sustainable agricultural transformation. The literature indicates that this situation
cannot be explained solely by inadequate technological infrastructure. Kilavuz & Erdem (2019) identify
the small-scale structure of agricultural holdings, lack of knowledge, low levels of digital literacy, and
difficulties in accessing finance as the main barriers to the widespread adoption of digital agriculture
applications. Similarly, Mutlugiin (2014) emphasizes that strengthening agricultural extension services
and preparing producers for new technologies are fundamental prerequisites for| the digital

transformation process.

From the perspective of financial technologies, Tiirkiye has made significant progress in reeent
years. Digital banking applications, mobile payment systems, and agricultural finaneing solutionsshave
facilitated producers' access to financial services. In particular, digitalagricultural banking applications
and agricultural financing models developed by Ziraat Bank have enabled producers to access credit
more rapidly (Ziraat Bankasi, 2025). Nevertheless, increased financial access\alone does not guarantee
technological transformation. The effective use of financial instruments depends.on producers' financial
literacy, digital skills, and their ability to evaluate invéstment decisions, from'a long-term sustainability

perspective.

One of the major challenges facingedigital agriculture in|Tirkiye is the insufficient alignment
between technology and human capital.] Yildiim et al. (2025) argue that sustainable agricultural
development can only be achievéd through “producers who possess advanced digital capabilities,
effectively utilize financial instruments, andyare capable of adapting to innovation. These findings
indicate that digital transformation in Turkiye should be regarded not merely as a process of technical

modernization but asa humanscentered transformation process.

Unlike the ‘other country cases, Tiirkiye simultaneously possesses both high transformation
potential an@persistent structural challenges. Although significant progress has been made in digital
agriculture technolegies andyFinTech applications, the predominance of small-scale farms, regional
deyelopment disparities, and differences in producers' levels of digital capability continue to limit the
diffusion of transformation. Therefore, the primary policy priority for Tlirkiye is not merely to increase
investments, in techhology but also to develop producers who can use technology effectively, make
informed\use ‘of financial instruments, place environmental sustainability at the center of production
degisions, and remain open to continuous learning. In this respect, Tiirkiye provides an important context

for evaluating and further developing the applicability of the Agricultural Human approach.

5. DISCUSSION: FROM COUNTRY EXPERIENCES TO THE AGRICULTURAL HUMAN
APPROACH

When the experiences of Kenya, India, China, and Tiirkiye are considered together, it becomes

evident that sustainable agricultural growth cannot be explained solely by technological investments or

209



ICOAEF-XV International Conference on Applied Economics and Finance
May 11"-12", 2026 / Bishkek- KYRGYZ REPUBLIC

the widespread adoption of financial instruments. Although the countries examined differ in their
economic, institutional, and social structures, they converge on a common conclusion: technology and
finance are necessary conditions for sustainable transformation, but they are not sufficient on their own.
The transformation of these tools into economic and environmental value depends on the capacity of

producers to utilize them effectively.

The country experiences complement one another in illustrating the different dimensions of the
Agricultural Human approach. Kenya demonstrates the importance of financial inclusion and digital
adaptation; India highlights education, continuous learning, and technology adoption; China emphasizes
public policies, digital financial inclusion, and ecological sustainability; and Tiirkiye underscoresythe
importance of structural transformation and a human-centered policy approach. These findings indicate
that agricultural transformation cannot be achieved through a single peliey instcument but requires the

combined functioning of technology, finance, education, and institutional structures:

The findings also call for a reassessment of the technelegy-centered transformation perspective
that has long dominated the literature. Studies on Agriculture 4.0 have largely focused on the effects of
digital technologies on production, the FinTech literature hasgemphasized financial inclusion, and
research on sustainable agriculture has concentratedyon environmental performance (Wolfert et al.,
2017; Arner et al., 2017; Ruzzante et al., 2024). However, the comparative country analyses demonstrate
that the common determinant across these'three domains is the himan factor. In other words, technology,
finance, and sustainability are not independent cleéments; rather, they contribute to sustainable

agricultural growth when integrated through'the Agricultural Human approach.

This study also prevides a critical pesspective on evaluating sustainable growth solely in terms of
increases in production volume: Although production growth may generate economic benefits in the
short term, sustainable growth cannot be achieved without preserving product quality, ensuring the
efficient use/0f natural resources, and improving rural welfare. For this reason, the Agricultural Human
approach places at'its, centér, a new generation of producers capable of balancing productivity and
quality, effectivelyfutilizing digital and financial tools, adopting environmental sustainability as an

integral, partof production decisions, and remaining open to continuous learning.

In conelusion, this study demonstrates that sustainable agricultural growth depends not only on
investments in technology or financial support mechanisms but also on the development of the human
capacity capable of utilizing these investments effectively. Accordingly, future agricultural policies
should place greater emphasis not only on investments in digital infrastructure but also on policies that
strengthen human capital through education, financial literacy, digital capabilities, agricultural extension

services, and environmental awareness.

6. CONCLUSION
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This study aimed to demonstrate that sustainable agricultural growth cannot be explained solely
by technological developments or financial innovations. Although digitalization and FinTech
applications have significantly transformed production processes in the agricultural sector, the
comparative country analyses indicate that the success of this transformation depends less on technology
itself than on the capacity of producers to utilize it effectively. Accordingly, the Agricultural Human
approach proposed in this study provides a conceptual framework that integrates technology, finance,

and sustainability from a human-centered perspective.

Although Kenya, India, China, and Tiirkiye differ in their levels of development and policy
approaches, they point to a common conclusion. Kenya demonstrates the importance'of finaneial
inclusion; India highlights education and technology adoption; China emphasizespublic pelicies, and
digital financial inclusion; and Tiirkiye underscores the significancefistructural transformation and
producer capacity. Nevertheless, across all country experiences, the common determinant/of sustainable
success is the presence of producers capable of effectively adopting, integrating, and utilizing digital

technologies and financial instruments in production processes.

This study also demonstrates that sustainablefagriculturaligrowthyshould not be evaluated solely
in terms of increases in production volume. Along with.productivity groewth, the preservation of product
quality, the sustainable use of natural reseurces, and ‘the enhancement of rural welfare constitute
fundamental components of sustainable] growth. Accordingly, the Agricultural Human approach
positions a new generation of producers-—those who, effectively utilize digital technologies, make
informed use of financial instruments, place environfmental sustainability at the center of production
decisions, and remain 40pen to continuous \learning—as the principal actors of sustainable

transformation.

From a poliey perspective,nfuture agricultural strategies should not focus exclusively on
investments(iindigital infrastructure. Promoting digital and financial literacy, strengthening agricultural
extension and‘advisory serviees, enhancing producers' capacity to adapt to innovation, and supporting
inyéstments in human capital should be among the primary policy priorities for sustainable agricultural
growthy, In‘ other words, future agricultural policies should invest not only in smarter technologies but

also'in mote capablé producers who can utilize these technologies effectively.

This study is conceptual in nature and is based on a qualitative comparative analysis. Therefore,
its findings are limited to the country cases examined and the literature reviewed. Future research should
develop measurable indicators of the Agricultural Human approach, test the framework empirically
across different country contexts, and examine its effects on sustainable agricultural growth using
quantitative methods. Such research would contribute to refining the proposed conceptual framework

and supporting the development of evidence-based agricultural policies.
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KRIiPTO PARA VE PARA ARZI iLiSKiSIi VE TURKIYE

Merve ONEM*
OZET

Dijital paralar bugiin dolasimdaki paralarin yaklasik %901 temsil etmektedir, Internet
bankaciligr veya bankanin mobil uygulamasi araciligiyla banka havalesi yaptiginizda, banka veya kredi
kartlarimizdan (Paypal veya Google Ciizdan) bir 6deme génderip, aldiginizda, esasgitibariylel ‘dijital
para islemi yapryorsunuz’ demektir. Kripto para ise, bir dijital para tiriidiir ama dijital paradanyfarkl
olarak, kendisi bir para birimidir. En bilineni Bitcoin iken, Ethereum, Bitcoifi Cash, Litecoin, Ripple ve
10TA gibi 1000’in iizerinde cinsleri vardir. Kripto para kavrami hayatimiza 2008 'den sonra giten, her
gecen giin daha ¢ok iglem hacmine sahip olan ve yiiksek getirisinden ve hizlvdiisiisiinden kaynakli, borsa
gibi hareketli olan bir piyasadwr. Aralik 2024 itibariyle dolasimda 10 binden fazla kripto para vardir.
Merkeziyetsiz olmasi, ve gelecekte kullanilacak paramnfkripte. para oldugund dair yaygin inang

devletler agisindan olumsuz bir tutum sergilemelerini saglamaktadir.
Anahtar Kelimeler: Kripto Para, Dijital Para, Bitcoin, Satoshi, Merkez Bankast
JEL Kodlari:

ABSTRACT

Digital currencies today represent approximately 90% of the money in circulation. When you
make a bank transfer through internetybanking,or a bank's mobile application, or when you send or
receive payments usinggouribank or creditéards (such as PayPal or Google Wallet), you are essentially
conducting a "digital currencytransaction.” Cryptocurrency, on the other hand, is a type of digital
currency but differsiin, thatit is its own currency. The most well-known cryptocurrency is Bitcoin, but

there are over 1000 othertypes, including Ethereum, Bitcoin Cash, Litecoin, Ripple, and IOTA.

The concept of ciyptocurrency entered our lives after 2008 and has become a market with
increasing|transaction volumes every day. Known for its high returns and rapid declines, it operates
similarly_to thelstock market. As of December 2024, there are over 10,000 cryptocurrencies in
circulation. Its decentralized nature and the widespread belief that cryptocurrencies will be the money

of the future have led to negative attitudes among states regarding its adoption.
Keywords: Cryptocurrency, Digital Currency, Bitcoin, Satoshi, Central Bank
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Dijital paralar bugiin dolasimdaki paralarin yaklagik %90’m1 temsil etmektedir. Internet
bankacilig1 veya bankanin mobil uygulamasi araciligiyla banka havalesi yaptiginizda, banka veya kredi
kartlariizdan (Paypal veya Google Ciizdan) bir 6deme gonderip, aldiginizda, esas itibariyle ‘dijital para
islemi yapiyorsunuz’ demektir. Kripto para ise, bir dijital para tiiriidiir ama dijital paradan farkli olarak,
kendisi bir para birimidir. En bilineni Bitcoin iken, Ethereum, Bitcoin Cash, Litecoin, Ripple’ve IOTA
gibi 1000’in tizerinde cinsleri vardir. Kripto para kavrami hayatimiza 2008’den sonra giren; her.gecen
giin daha ¢ok islem hacmine sahip olan ve yiiksek getirisinden ve hizl1 diistisiinden/kaynakli, borsa gibi
hareketli olan bir piyasadir. Aralik 2024 itibariyle dolasimda 10 binden fazla kripto ‘para vardar
Merkeziyetsiz olmasi, ve gelecekte kullanilacak paranin kripto para olduguna dair yaygin inang devletler
acisindan olumsuz bir tutum sergilemelerini saglamaktadir. Bitcoifi’ifiyparapolup olmadigma dair
tartigmalar vardir. Paray1 tanimlayan klasik fonksiyonlar1 vardir. Deger saklama, miibadele araci olma
gibi ozelliklere sahiptir. Ancak Bitcoin bu 6zellikleri kapsamakla beraber;| paranin kabul edilebilir
olmasi, taginabilir olmasi, boliinebilirlik, uzun 6miirlii olmas1 gibi 6zelliklerni dbiinyesinde barindirir.
Ancak degerinin istikrarli oldugu sdylenemez. Cok hizli'bir sekildé degerinde’ani diisiis ve yiikselmeler

yasanmaktadir.
2. KRiPTO PARANIN TARIHI VE KRIiPTO PARA KAVRAMI

Kripto paraya dair ilk temellerig982 yilindasDavid Chaum atmistir. ‘Bilgisayar Bilimi’ kavramina
ilk kez makalede yer veren Chaum’dur. 902larda W. Scott Stornetto ve Stuart Haber, bir dokiimanin
imzalanmasinda zamanin yayilmasina, iliskin.makale yaziyorlar. Daha sonralar1 (90’larin sonlarina
dogru) asil biiyiik zincir'(blockchain) olugturmanin atasi New York Times Gazetesi diyebiliriz. New
York Times Gazete$i, her giin gazeteyi sifreleyerek kayda alip, diger giinlere ekleyerek kopmaz bir
zincir olusturmustury, Bu teknolojinodzellikle 2018°de The New York Times’in da katildigi News
Provenance Project gibi girisimlerde kullanilmaya baslanmistir. Bu proje, haberlerin kaynagim

dogrulamak ve degistirilemezbir gecmis kaydi olusturmak icin blockchain teknolojisini denemistir.

Satoshi Nakamoto (2008) kullanici isimli' kisi veya grup tarafindan 2008 yilinda internet
fizerindef yaymilanan ‘Bitcoin: Kisiden Kisiye Elektronik Odeme Sistemi’ baslikli teknik dékiimanda
(whitepaper)yele alimmis, islemlerin nasil gerceklestirilecegi, islem gizliliginin nasil saglanacagi,
sistemin| potansiyel saldirilardan nasil korunacagi ve yazilimin islem yapan kisileri ¢ifte harcamadan
nasilykoruyacagi aciklanmigtir. S6z konusu dokiimanin ¢ikis noktasinda, internet iizerinden yapilan
aligverislerde bankacilik sisteminin, giiven unsurunu saglamak iizere yaptig1 aracilik fonksiyonu
bulunmaktadir. Taraflar arasinda ortaya ¢ikan problemlerde ¢6ziim unsuru olan aract kurumun, bu
pozisyonu dolayisiyla islem giderlerinin artmasina neden oldugu belirtilmektedir. Satoshi Nakamoto,

belirtilen dokiimanda iki tarafin {igiincii bir giivenilir kisiye gerek duymadan, giiven yerine kriptografik

! Satoshi kelimesi, Japonca’da ‘bilge, akilli’ anlamina gelmektedir. Satoshi Nakamoto bazi kaynaklara gore bu anlama
gonderme yapmakta ve dnemli teknoloji sirketlerinden Samsung, Toshiba, Nakamichi ve Motorola’nin isimlerinin bir araya
gelmesinden olugmaktadir. Diger bazi kaynaklara gore ise bu isim ABD Ulusal Giivenlik Ajansi’ndan (National Security
Team) bir ekibe ait kullanicidir (Wallace,2011).
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kamta dayali olarak dogrudan birbirleriyle islem yapabilecekleri bir elektronik &deme sistemi
onermektedir. S0z konusu 6demede kullanilmasi 6nerilen para birimi Bitcoin’dir yani itibari paranin

(Merkez Bankas1 tarafindan ihra¢ edilen paranin) kullanimi s6z konusu degildir (Atici, 2020: 36).

Finansal islemlerde kisileraras1 giiven saglayici finansal merkezler yerine kriptografik kanita
dayali, tigiincli bir gliven saglayici araciya ihtiya¢ duymadan, direkt birbiriyle islem yapabilecegi
elektronik sistem daha fazla giivenilirdir. Islemler zaman damgasi sunucularinin da katildig: sifieleme
sistemi ile miikerrer islem yapmaktan oldukca uzaktir. Dolandiricilik ihtimali diismektedir.“"Hesaplar
arasi islemlerde limit, sinir diizenlemeleri yoktur. Elektronik para, dijital imza, zincirleridir. Kisileérin
karsilikli dijital imzalarinin birbirini dogrulamasi ile para transferi ger¢eklesmektedir(Nakamoto,2008:
1-2). Nakamoto’nun makalesi ile ii¢lincii bir taraf/otorite (hiikiimet banka vb.), olmadan kriptografik
kamitlara dayal kisiden kisiye ¢evrimigi glivenilir islem yapma imkani veren elektronik bir para sistemi
onerilmektedir. Kripto para birimleri seffaftir, matematiksel formiillere dayalidir.qBasaris1 ve degeri
kullanicilarin fikir birligine dayanmaktadir. Kripto para birimleri, blok zinciri teknolojisine dayali dijital
paralardir. Dijital ve aracisiz 6demeler fikrine dayanamy,yeniptéknoloejik ‘yeniligi temsil etmektedir

(Masso, vd., 2021: 17).

Kripto paranin {iretim siirecine ili§kin, Hakan ATABAS Blokzinciri Teknolojisi ve Kripto
Paralarin Hayatimizdaki Yeni Yeri (2018:161) adli kitabinda durumu ‘Zamana Kars1’ filmine benzetmis

ve tek kullanimlik dijital kumbara oldugunu soylemistit,”

Kripto paralar (sanalgparalar) giiniimiizde “alternatif bir para birimi olarak kabul gdrmeye

baslamustir.

Kripto para (sanal para), piyasasi hicbir devlet tarafindan diizenlenmedigi icin regiile
edilememektedir. Metkezi bir yapiyaysahip olmadigi i¢in gdzetim ve denetim sisteminden bagimsiz
caligmakta olup,akontrolityblok zinciri (blockchain) sistemi tarafindan gergeklestirilmektedir. Kripto
paralarm, (sanal paralarin). nekadar iiretilecegi kripto sistemlerin kurulugsu asamasinda belirlenmistir.
Kripto paralar (sanal paralar) diinya genelindeki oldukga yiiksek sayidaki kisi tarafindan bilgisayarlarda
matematiksel problemlerin ¢oziimiinii saglayan bir yazilim/program tarafindan elektronik ortamda
basiimakta ‘olup, baz1 biiylik bilgisayar yatirimlan ile olusmus sirketler sanal para islemlerindeki
araciligl) dogrulamay1 veya kriptolojiyi ger¢eklestirmekte, sistemin yasamasini ve devamliligini

saglamaktadir (Kizil, Hanisoglu, Aslan, 2019: 36).

Kripto paralar bireysel kullanim yaninda sirketlerinde 6deme araci olarak kabul etmesiyle birlikte
degeri 2008’den beri artmaktadir. Kripto paralarin fiyati siirekli inisli ¢ikigh dalgalanmalar yasasa da
hacmi ve birim degerleri yiikselmektedir (Dulupgu, 2017: 222)

2 Filmde insanlarin bilegine yiiklenen bir zaman ¢ipi vardir. Zaman sifirlandig1 anda kisi 6liir. Giindelik ihtiyaglarinin
O0demesini de bileklerini okutarak, oradaki zamandan yaparlar. Her giin gece yarisi 24 saatlik bir zaman yiiklenir. Bu zamani1
cesitli sekillerde ve yerlerde kullanirlar.

217



ICOAEF-XV International Conference on Applied Economics and Finance
May 11"-12", 2026 / Bishkek- KYRGYZ REPUBLIC

Kripto para alim satimlarinda islem yapilan borsa bireylerin islemlerinden iicret almaktadir.
Kripto paralar arz ve talebe gore deger kazanip deger kaybetmektedir. Arz1 artan kripto paralarin fiyat:
artarken talep diislip arz1 ¢ogaldiginda fiyati diismektedir. Diinyanin her yerinden kullanicisi olan
sistemin biiyiilk miktarda alim satim yapan kullanic1 hareketleri fiyatlari etkilemektedir. Bu nedenle
oldukea riskli bir piyasadir. Cok hizli bir sekilde kisilerin paralar yiizlerce binlerce kat artarken ¢ok
hizl1 bir sekilde diisebilmektedir. Kitlesel yatirimeilarin bitcoin fiyati hakkindaki kolektif beklentileri
veya toplu inanglari, bitcoin'in gergek fiyat performansina yansimaktadir. Ornegin, eger insanlar diger
insanlarin Bitcoin fiyatinin diisecegine inaniyorsa ve diismeye devam ederse, o zamamnyinsanlar/yatirim

yapma konusunda ¢ekingen davranacak ve piyasa diismeye devam edecektir (Lee, 2022: 16-17)

Bitcoin haricindeki kripto paralar altcoin olarak adlandirilmaktadir. Qnbinletee adet \Kriptoypara
bulunmaktadir. “Ekonomistlere gore kripto paralar, paranin saglamaswgesckeniozelliklerden; taninma,
degisim araci olma, taklit edilememe, transfer edilebilme, deger saklama ve homejenlik/6zelliklerinin
tamamini tagimaktadir” (Kayacan ve Anavatan, 2018: 136). Genel olarak kripto paranin arzi dnceden
belirlenmektedir. Sonradan herhangi bir merkezi otoriteyle degistisilememektedir. Kripto paralar blok
zinciri teknolojisini kullanmaktadir. Kripto para sistemitkesintisiz/7-24\islemyyapma imkanina sahiptir.
Geleneksel finansal kurumlar karsisinda teknolojiktaltyapisina bagli olarak hizli ve kolay olmasiyla

ustiinliik saglamistir (Karaoglan vd., 2018: 16-17).

Kripto para piyasasinda, yaklasiki4 trilyon dolara yakin islem hacmi bulunmaktadir. 2008
yilindaki ABD merkezli mortgagé krizinden ‘Sonra ottaya ¢ikan kripto para Bitcoin, 2018 yilindaki

pandemi krizinden sonra fazlasiyla talep gormiis ve iglem hacmi artmistir.
Kripto para piyasasima dair piyasa degerleri tablolar asagida verilmistir:

Tablo 15Son 30 Giinliik Kripto Para Piyasa Degeri

Kripto Piyasa Degeri Genel bakis Bozulma 30 giin 1yl Tim
Piyasa Degeri Hacim

3,47 trilyon 164,51

dolar milyar dolar

N
A
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Kaynak: https://coinmarketcap.com/
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Tablo 2. Son 1 Yillik Kripto Para Piyasa Degeri

Kripto Piyasa Degeri Genel bakis Bozulma 30 giin Tyil Tidm
Piyasa Degeri Hacim
3,47 trilyon 164,24
dolar milyar dolar
g

v
. -
/W WAy W"\FMLW N
M\M\VHJM/‘A

Kaynak: https:/coinmarketcap.com/

Tablo 3. Tiim zamanlarin Kripto Para Piyasa Degeri

Kripto Piyasa Degeri Genel bakis Bozulma 30 giin 1yl Tiim
Piyasa Degeri Hacim
3,47 trilyon 165,43
dolar milyar dolar
|r
A ||
| W\
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i Y
. T

Kaynak: hftps://commarketcap.com/

Bugiin, itibariyle 10,260 aktif kripto para piyasada islem gormektedir.’ Bunlarin sayisi siklikla
degiskenlik gdstermektedir. Cilinkii piyasaya yeni giren veya piyasadan ¢ekilme karari alan kripto
paralar &ardir. 10 binden fazla olan kripto paralardan piyasa degeri en yiiksek olan ilk piyasaya giren
Bitcoin’dir. Onu Ethereum izlemektedir. Genel bir degerlendirme yaparsak, piyasaya sonradan giren

firmalarin bu anlamda degerinin daha diisiik oldugunu gériiyoruz.

3 https://coinmarketcap.com/
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Tablo 4. En Cok Yatirim Yapan Kripto Paralar

Piyasa Degerine Gére En Cok Yatinm Yapilan Kripto Paralar

Kripto para birimi Jeton Semboli Piyasa Degeri
Bitcoin BTC 827,42
Ethereum ETH 272,32
USDTYyi Bagla usoT 96,02
Binance Coin BNB 46,05
Solana SOoL 42,23
Dalgalanma XRP 28,58
ABD dolari ABD dolari 26,15
Kardano ADA 17,34
19 AVAX 12,92
Dogecoin DOGE 1,45

Kaynak: coinwire.com

3. KRIPTO PARA VE DIJITAL PARA AYRIML
Kripto ve dijital paralar, rakamsal olarak piyasada varlikigosteren/fakat elle tutulmayan paralardir.

Dijital paralar bugiin dolasgimdaki™pacalarin yaklasik 290’11 temsil etmektedir. Internet
bankacilig1 veya bankanin mobil uygulamasi araciigryla banka havalesi yaptiginizda, banka veya kredi
kartlarimizdan (Paypal veya Google Ciizdan) bir 6deme gonderip, aldiginizda, esas itibariyle ‘dijital para
islemi yapiyorsunuz’ demektir. Kripto,para iseybirdijital para tiirtidiir ama dijital paradan farkli olarak,
kendisi bir para birimidig{ En bilineni Bit€ein iken, Ethereum, Bitcoin Cash, Litecoin, Ripple ve IOTA
gibi 1000’in iizerinde'einsleri vardir. Tlim dijital para birimleri belirli kuruluslar ve kurumlar tarafindan
diizenlenir ve izlenit. Merkezidirler. Yani islemler her saniye {ilkelerin merkezi bankalar1 ve diger
taninmig deylet kurumlarr gibi belirlenmis kurumlar tarafindan takip edilir. Arkalarinda yasal ¢erceve
ve destek vardir. Diinya capinda gecerlidir. Kripto paralar ise merkezi olmayan, diizensiz ve degerini
belifleyen'bir kurum bulunmayan paralardir. Bunlar ilgili sifreleme toplulugu tarafindan yonlendirilir.
Arkalarindaki destek merkezi ya da hukuki degildir. Diinya ¢apinda gegerli degillerdir. Ancak belli bir
cergeve kabul edilirler (Nebil, 2018:19-20).

3.1. Bitcoin’in Ortaya Cikisi

2008 yilinda Satoshi Nakamoto tarafindan kaleme alinan “A Peer-to-Peer Elecronic Cash
System” makalesi finansal 6demelerin kisiden kisiye elektronik para sistemi ile yapilabilecegini
anlatmaktadir. Nakamoto (2008), finansal islemlerde iiglincii bir giiven saglayici araciya ihtiyag
duymadan kisilerin direkt birbiriyle islem yapabilecegi, kisilerarasi gliven saglayici finansal merkezlere
baghh olmadan kriptografik kanita dayanan elektronik sistemlerin daha fazla giivenilir oldugunu

belirtmektedir. Islemler zaman damgasinin sagladig1 sifreleme sistemi ile miikerrer islem yapmaktan
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oldukga uzaktir. Dolandiricilik ihtimali diismektedir. Hesaplar arasi islemlerde limit, sinir diizenlemeleri
yoktur. Kisilerin karsilikl1 dijital imzalarinin birbirini dogrulamasi ile para transferi gergeklesmektedir
(Nakamoto, 2008). Bu sistemin {iriinii Bitcoin, blok zincir alt yapisina dayal1 ilk kripto para birimidir.
Bitcoin, Satoshi Nakamoto tarafindan 2008'de icat edilmis 3 Ocak 2009'da islem yapilabilir hale
getirilmis olup toplamda 21 milyon adettir. Nakamoto, 10 Ocak tarihinde, Hal Finney’e Bitcoin
gondererek ilk islemi yapmistir. Mayis 2010'da Bitcoin ile alinan pizza, yapilan ilk aligveristir. Bu

aligverisle kripto paralarla yani dijital alan ile ger¢ek hayat arasindaki ilk iliski kurulmustur.

Bitcoin arz1 21 milyon adet ile sinirlidir. Mart 2018 itibariyla 16,9 milyon adédi‘ihra¢ edilmistir.
2140 yilina kadar yeni bitcoin ihract devam edecektir. Ancak siirekli azalarak ihrag¢ edileceginden 20354

40 y1l1 gibi tamamina yakini arz edilmis olacaktir.

Bitcoin ihraci yeni blok iiretilmesiyle gergeklesir. Sistem her blokdireten madenciye, daha 6nce
de belirttigimiz tlizere 6diil verir. Bu 6diil tutar1 en basta 50 adet Bitcoin’di.\ Yaklastked{yilda bir 6diil
miktar1 yariya inmektedir. 2020 Mayi1s ayma kadar 6diil tutam, 12,5 bitcoin olacaké§yHer 210.000 blok
ihracindan sonra (yaklasik her 4 yilda bir) 6diil tutar1 yariya inecektir. (Giiven 2018:101)

Bitcoin 2008'de kendiliginden ortaya ¢ikmadi (Swartz, 2018, s\ 2). Bitcoin, dogusu derinlesen
ekonomik bir krizin buna baglh olarak kurumlara olan gilivenin erezyona ugramasi ile es zamanli,
giivenilmeyen ti¢lincii tarafi ortadan kalditmakyicin ortaya gikti./Bitcoin, teknolojik ilerlemenin sosyal
ve politik durumlarin birlesmesinin bir iiriinii ve/senucu olarak ortaya ¢ikmistir. Kripto paralarin yaptigi
miilkiyet hakkinda geleneksel sosyal yapilara ihtiyag) duymadan bir aktdrden digerine giivenli ve

degismez bir sekilde aktarabileceginimgiivenini, vermektedir (Hayes, 2019, s. 4).
Bitcoin Para Madir?

Paray1 tanifnlayan klasik*fonksiyonlar1 vardir. Deger saklama, miibadele araci olma gibi
ozelliklere sahiptir. Aneak Bitcoin budzellikleri kapsamakla beraber; paranin kabul edilebilir olmasi,
tasmabilir olmastybdliinebilirlik, uzun omiirli olmas1 gibi 6zellikleri biinyesinde barindirir. Ancak
degerinify, istikratl eldugu sdylenemez. Cok hizli bir sekilde degerinde ani diislis ve yiikselmeler

yasanmaktadir.
Bitcoin’in Yeralti Ekonomisi ile iligkisinin Sorgulanmasi

Bitcoin’e getirilen ilk itirazlar ve elestiriler, yeralti ekonomisinde kullanilmasi ve takip
edilememesidir. Bu durumla ilgili Vedat Giiven kitabinda sdyle der (Blokzincir - Kripto Paralar -

Bitcoin: Satoshi Diinyay1 Degistiriyor: 2018;32-33) :

‘Bitcoin islemlerinin kaydedildigi Blokzincir’e bakarsaniz, ge¢mis tiim iglemlerin kaydedilmis
oldugunu goriirstiniiz. Dolayisiyla bir Bitcoin’in tiretildigi andan su ana kadar hangi hesaptan hangi
hesaba aktarildigimi bire bir gorebilirsiniz. Yani Bitcoin iglemleri seffaf bir sekilde takip edilebilir.

Burada kast edilen, hesap sahiplerinin kim oldugunun kolayca belli olmamasidir. Bitcoin islemleri
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anonimdir. Yani islemleri gérmek ve takip etmek miimkiindiir ancak kimler tarafindan yapildigi ortada
degildir.

‘Bu ozelliginden dolay kara para aklama veya yeralti ekonomisinde kullanilyyor olmasi hakl bir
stkantidwr. Silkroad isimli internet sitesi 2011 yiuinda kuruldu ve 2013 ile 2014 ’te iki kere kapatildi. Bu
sitede ¢esit ¢cesit uyusturucu, silah, kiralik katil, kopya kredi karti, cocuk pornosu gibi her tiirlii illegal
dirtinii bulmak miimkiin idi. Islemlerde Bitcoin kullamliyor olmas: Bitcoin’e leke ¢aldi. Ancak burada

yanlis olan hizmetin kendisidir, Bitcoin kullanimi degil.’

Bir paray1 kullanan kisiler, o paray1 iyi ya da kotii amaglarla kullaniyor olabilir. Burada anlatilmalk
istenen de Bitcoin, kayit dis1 ekonomide kullaniliyor diye bir para birimini yasaklamak dogal bir
davranig degildir. Bu mantiki ¢ergeve dolar ya da euro agisindan benzemsenuclar dogurmuyorsa Bitcoin
acisindan da dogurmamalidir. Kayit dig1 ekonominin diinyada ¢ok biiyiik oldugu biliniyor./Dolar ve euro

para birimiyle yapiliyorsa, dolar1 ya da euroyu da yasaklayalim demek kadar olagandisi bir durumdur.

3.2. Kripto Para Transferi Nasil Ger¢eklesir?

Kripto para transferlerini (aslinda paranin sahibinin‘degismesidir) reel bir 6rnekle mantigim
anlatalim. Ornegin irem, Merve’ye para gonderecekse, ilk once Merve’nin acik anahtarini 6grenir. ‘Bu
paranin yeni sahibi arttk Merve’dir* yazar velbu mesaji Merve’nin acgik anahtariyla kilitler. Burada
aslinda para transferi yapilmis olmuyoes, paranin Sahibi deg@isiyor. Merve de bu parayr mesela Seran’a
gondermek isterse, ilk 6nce Seran’in agik @amahtarini 6grenir. Kendi 6zel anahtari ile mesajin kilidini
acar ve ‘Bu para artik Seran’indir’ ‘diye degistirdigi mesaji yine Seran’in agik anahtari ile kilitler.

Boylece paranin sahipligi Merve’den Seran’a,gé¢mis olur.

3.3. Banka've Bitcoin iliskisi

Bitcoin ve kripto‘paralarla ilgili kisiler, bugiin islem yaparken yine de biiyiik oranda banka ile
islem yapmak ‘zorundalar (elden nakit alimlar haric). Bitcoin’e sahip olmanin birka¢ yolu var. Bitcoin
direkt olarak parayla satin alinabilir, madencilik faaliyetlerinde kazanilabilir ya da Bitcoin borsalarinda
nakdi parayla‘takas ‘gergeklestirilebilir. Sonrasinda da bu paralar borsa vasitasiyla kullanicilarin banka
hesaplarmajyatirilir. Bitcoin satin almak i¢in Once takas sitesinde hesap acmak ve o hesaba para

yiiklemek gerekir. Bu islem de yine bankalar araciligiyla yapilir.

Aralik 2024 itibariyle kiiresel olarak yaklagik 33,628 Bitcoin ATM’sinden nakit para ile Bitcoin

alabilmekte veya yine nakit para karsiliginda Bitcoin satilabilmektedir. 4
Blokzincir (Blockchain)

Blokzincir teknolojisiyle; internet giivenligi uygulamalari, bankacilik uygulamalari, tedarik

zinciri uygulamalari, sigortacilik uygulamalari, kisisel ve toplu ulasim igin gelistirilebilecek

4 www.cointelegraph.com
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uygulamalar, online veri saklama, vakif ve bagis islemleri, kamu uygulamalari, saglik uygulamalari,
enerji yonetimi, fikri miilkiyet ve telif hakki uygulamalari, emlak ve tapu uygulamalari, akilli sehirler,
dijital kimlik, akilli sdzlesmeler ve hukuki yapilarinin incelenmesi, egitim uygulamalar1 konularinda

kullanim da miimkiindiir (Nguyen ve Dang, 2018: 484-485).

Blok zincir ve kripto paralar konular1, uluslararasi akademik literatiirde daha fazla ¢alisma yapilan
bir konu haline gelmektedir. Web of Science’da blok zincir ve kripto para konularinda sosyab bilimler
alaninda yapilan ¢aligmalar 2015-2020 yillar1 arasinda 120 kat ve atif sayis1 2.600 kat artmistir. Blok
zincir ve kripto para konulu yaymlarin en ¢ok yapildig: iilkeler finansal ve ekonomik olatak giicli
iilkelerdir. Blok zincir ve kripto para konularinda sosyal bilimlerin alt disiplinlerinden 1sletime
finansman1 ve ekonomi alanlar1 en fazla ¢alisma yapan alanlardir (Cizmecioglu veAkman} 202 14,13).
Blok zinciri ve kripto paralar konularinda uluslararasi literatiirde calismanyapan disiplinlerle Tiirkiye’de
calisma yapan disiplinler paralellik gostermektedir. Yine Web of Science verilerine gére Kripto varliklar
alaninda ¢alisma yapan iilke sayis1 72°dir. Tiirkiye, 12 yayinla yayin yapan iilkeler arasinda 9. sirada yer

almaktadir (Ancarli, vd., 2023: 67).

Birgok kisi, blok zinciri ve finans teknolojisini, hizmet sunmaya yonelik yeni bir teknoloji olarak
goriiyor; CD-ROM’lara benzer bir sey gibi. Aslina bakarsaniz bu, teknolojinin finans sistemi tizerindeki
etkisi; internetin, medya ve reklam sirketleri,lizerindeki etkising\benzeyecek. Ekonominin temelinde
gergeklesecek bdylesine koklii bir degisim, bu sistemden gecinen yerlesik sirketler i¢in ciddi sorun
yaratacak. Bu degisime hazirlanmiak, aragtirma ve gelistirmeye yatirim yapmayi gerektiriyor. Bunu
yapanlar, ortaya ¢ikmakta olan bu yeni finans sisteminde biiyiimeyi basarabilir (Ito, Narula ve Ali 2020:
70).

Blockchain’infen giicli taraflarindan biri merkezi bir sisteme bagli olmamasi, dagitik yapida
caligmasidir. Birbirlerine direkt ve'bir sebeke lizerinde baglh bilgisayarlar araciligiyla kesintisiz ¢alisir.
Blockchain §apisinda bilgisayarlar dagitik bir yapi ile birbirlerine baghdirlar, kompleks bir yapr ile tek
bir merkeze bagl olmadiklaryicin sistem hatasi, elektrik kesintisi veya siber saldirilar sonucu tamamen

deyfe distkalmalarfpek miimkiin degildir (Ozalp 2018:314)
Satoshi’ye Gore Miikerrer Harcamalar Nasil Onlenir?

Elektronik paranin bir kisiden bir kisiye gercekten gitmesini ve de dogru sekilde gitmesini dijital
imzalarla sagliyoruz.
Bir kiginin olmayan parasini géndermesini veya mevcut parasini iki kere gonderememesini ise

her islemde o hesabin bakiyesine degil de o paranin ¢iktig1 hesaba, oraya nereden girdigine, oraya da

nereden girdigine baka baka ilk tretildigi koke kadar kontrol ederek sagliyoruz.

Bu amagla kullanicilarin ve sistemin kendisinin, ge¢mise yonelik tiim yapilan iglemleri

gorebilmelerini sagliyoruz.
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Bu islemler bloklarin igerisine kaydediliyor ve blok doldukga yeni bir blok iiretiliyor.

Her blogun c¢iktisinin parmak izi bir sonraki blogun girdilerinden birisidir. Téim bloklar1 sirayla
bu sekilde birbirlerine bagliyoruz. Gegmisteki bir kaydin degistirilmesi, silinmesi veya bir kayit

eklenmesi durumunda o blogun ¢ikt1 parmak izi degisecektir.

Bir blogun ¢ikt1 parmak izi degisince, sonraki blogun girdilerinden birisi degismis olacagindan,

bu blogun da ¢ikt1 parmak izi degisecektir ve bu durum zincirin en son bloguna kadar devafm edecektir.
Bu sebeple gecmise yonelik her tiirlii miidahale aleni olacaktir.

Sistemde birbirinden farkli iki zincir oldugunda, hangi zincir uzunsa algoritmalar digerini yani

kisa olanini yok eder.

Her blok iiretimi igin yogun bir is yapilmaktadir (Is Ispat1; PoW), Blogunhesaplanacak olan gikti
parmak izi (6zet deger) belli bir degerden kiigiik olsun seklinde bir kistas koyarak uygun 6zet degerin

kolay bulunamamasi ve bulunmasi i¢in harcanacak siirenin l0,dakika olmasi hedeflenmektedir.

Boylece kotii niyetli bir madencinin yapmis oldugu degisiklik ka¢ blok“oncesinde ise o kadar
kalan blok sayis1 kadar 10 dakikalik is yapmak gerekecek.'Bu esnada orijinal zincir daha da uzayacak.

Kotii niyetli kullanicr bir tiirlii orijinal zinciri yakalaympda gecemeyeeektir.

Kotii niyetli kullanicinin hesaplama giictiitiim sistemimphesaplama giiciiniin %51’inden fazla ise,

kotii amagl terminal hedefine ulagilabilir ve tiim Sistemi gdgertebilir.

Bu sayede gecmise yonelik \yapilacakybir degisikligin ise yaramamasi, miikerrer harcamanin

engellenmesini saglanmisolacaktir (Gitven 2018: 95-96).

4. KRiPTO PARA‘VE DUNYA GENELINDE TURKIYE

Coinwire’in yaptigl arastirmaya gore; ‘Kripto para ticaretinde Avrupa, kiiresel islem hacminin
%37,32'sini olusturarak lider konumda. Tiirkiye ve Hindistan ise diinyada sirasiyla 2. ve 3. sirada yer
alirkengher iki Ulkenin tiearet’hacmi 1 trilyon dolar1 asiyor. Binance, 136 iilkenin 100'iinde hakimiyet
kurarak en)¢ok kullanilan kripto para borsasi olarak zirvede yer aliyor. Kiiresel kripto para ticaret hacmi,
2023'ten bu yanai%42’oraninda artarak dnemli dl¢tide artt1. Son ii¢ y1lda, pazar, dijital varliklarin kiiresel
Olgektenartanpkabuliinii ve benimsenmesini yansitarak etkileyici bir sekilde %89 oraninda biiytidii.
Awvrupa, |kiiresel kripto para birimi islem degerinin %37,32'sini olusturarak bu gelisen pazarda lider
olarakd@rtaya ¢ikti. Avrupa, ilerici diizenleyici gerceveler ve teknoloji meraklisi bir halk nedeniyle kripto
inovasyonu ve yatirimi i¢in bir merkezdir. Avrupa'nin hemen ardindan Asya, diinya kripto para birimi
islem degerine %36,17 katkida bulunarak ikinci sirada yer almaktadir. Yiiksek mobil penetrasyon,
saglam bir teknoloji altyapisi ve artan kurumsal ilgi, bolgenin hizla benimsenmesine katkida bulunan

faktorlerdir.” (coinwire.com).
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4.1. Kripto Para ve TCMB

Kripto paralar 2 ana noktada merkez bankalari ile kars1 karsiya gelmektedir. Bunlardan ilki kripto
paralarin merkez bankalar1 tarafindan piyasaya siiriilen ve onlarin kontroliinde olan banknotun yerini
alip almayacagidir. ikincisi ise bu paralarin para politikas1 uygulamasinda iistlenecegi islevdir. Kripto
paralarin bugiine kadarki gelisimine baktigimizda merkez bankasinin klasik banknotunun tasidigi

(MBKB) tasarruf ve degisim araci olma islevini yerine getirdigini gormekteyiz. (Colak, 2018: 64).

Kripto paranin otorite, para ve toplum arasindaki iliskilerin tarihteki en 6nemli boezulmay1
yasattigin1 diistinebiliriz (Cossu, 2022: 604). Blok zinciri teknolojinin amaci, parasal islemlefi
denetlemek ve dogrulamak i¢in aracilara veya banka veya devlet gibi {iglincii taraflara olan ihtiyact

ortadan kaldirmaktir (Lee, 2022: 4).

T.C. Merkez Bankasi’nin 16 Nisan 2021°de Resmi Gazete’de de yaymmlanan “ODEMELERDE
KRIPTO VARLIKLARIN KULLANILMAMASINA DAIRWYONETMELIK € *Kripto varhiklar,
O0demelerde dogrudan veya dolayli sekilde kullanilamaz. Ktipto varliklarin demelerde dogrudan veya

dolayli sekilde kullanilmasina yonelik hizmet sunulamaz, denilmistir.’

5. SONUC

Kripto ve dijital paralar, finans diinyasinda devrim niteliginde bir doniisiimii temsil etmektedir.
Dijital paralar, mevcut finansal sistemlerinbir parcast olarak merkezi bir otoriteye bagli, izlenebilir ve
yasal ¢ergevede islerken; kripto paralar merkeziyetsiZ, anonim ve yenilik¢i bir yapiya sahiptir. Bitcoin,
bu yeni nesil para birimlefinin onciisii olarak ekonomik krizlere ve giiven erozyonuna bir tepki olarak
ortaya ¢ikmistir. Blokzincir teknolojisine dayali yapisi, glivenlik, seffaflik ve araciya ihtiya¢ duymayan

islemlerle finansal'sistemde yeni big paradigmaya isaret etmektedir.

Ancak Bitcoin’in hizli deger dalgalanmalari, yeralti ekonomisiyle iliskilendirilmesi ve yasal
diizenlemeler ‘konusundaki“belirsizlikler, bu yeniligin 6nlinde 6nemli zorluklar olusturmaktadir.
Bufunla bixlikte, Bitcoin ve diger kripto paralarin, geleneksel finansal araglara alternatif sunmasi ve
teknolojik’ altyapisiyla miilkiyet, transfer ve ddeme sistemlerini doniistiirme potansiyeli goz ardi

edilemez.

Gelecekte, kripto paralarin ve dijital finans teknolojilerinin nasil bir yasal ve sosyal cerceveye
oturacagt, bu devrimin kalict etkilerini belirleyecektir. Su anki tabloda, bu yeniliklerin riskleri ve
firsatlarinin dengelenmesi, kiiresel finansal sistemin gelecegini sekillendirecek kritik bir siire¢ olarak

karsimizda durmaktadir.

KAYNAKCA

5 www.tcmb.gov.tr. Tlgili yénetmelik 2021 yilinda ¢ikmus, aym yil icinde Tiirkiye CoinTr’yi kurmustur. Bugiin halihazirda
Merkez Bankasi’nin yeni kripto para galismalar1 vardir.
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ISLAMI FINANS VE REEL EKONOMIK CIKTILAR: KAVRAMSAL BiR CERCEVE VE
ARASTIRMA GUNDEMI

Dr. Ogr. Uyesi Burcu BAHCECI BASKURT"

OZET

Bu ¢alisma, Islami finansin reel ekonomik ¢iktilart ne zaman ve nasil etkiledigini agiklamaye
yonelik mekanizma temelli bir cerceve gelistirmektedir. Calisma, Islami finanst homojen bir kutumsal
etiket olarak ele almak yerine, kanonik sozlesmelerde ickin olan dzellikler ilg gergek diinyadaki hukuki,
bilgisel ve diizenleyici kisitlar altinda ortaya c¢ikan uygulama-denge) ¢iktilavan  birbivinden
ayirmaktadur. Islami finans yazinim; finans, sézlesmeler, finansal igerme Ve, etikyatirimin daha genis
iktisadiyla birlestiren ve onemli ol¢iide genisletilmis bir literatiir temeline dayanan caligma, bes temel
aktarim kanali tamimlamaktadwr: visk paylagimi, varliga dayalilik ve maddilik, déyredilmis izleme ve
yonetisim, finansal icerme ve etik ya da siirdiiriilebilirlik odakliysermaye ‘tahsisi. Islami finans;
dayamikhiligr giiclendirebilir, erisimi genisletebilir, yatirim, kalitesini artirabilir ve finansi iiretken
faaliyetle daha yakindan iligkilendivebilir, ancak bu etkiler sozlegme bilesimine, kurumsal kaliteye, Ser’i
yonetisime, hukuki uygulanabilirlige, likiditeyaltyapilarina,ve wygulamamn bi¢imden ziyade ozii ne
olgiide yansittigina baghdr. Calisma ayrica sukukkurumsal ve Ser’i yonetisim, devredilmis ticari risk,
yesil ve siirdiiriilebilirlik sukuku ile Islami finans ve \Siirdiiriilebilir Kalkinma Amaglart arasindaki
iliskiye dair daha giincel tartismalax: da kapsam@ktadir. Sonu¢ béliimiindeki arastirma giindemi,
yalnizea kurum diizeyindékiIslami etiketlere dayanmak yerine sozlesmesel dze odaklanan test edilebilir

hipotezler, olgiim stratejileri vexampirik tasarimlar onermektedir.

Anahtar Kelimeler: Islami®Finans, Islami Bankacilik, Sukuk, Risk Paylasimi, Finansal fg:erme, Ser’i

Yonetisim, ReeliEkonomi,»Ekonomik Biiyiime.

Jel KODLARI:G214G23, E44, 016, Z12.

ISLAMIC FINANCE AND REAL ECONOMIC OUTCOMES: A CONCEPTUAL
FRAMEWORK AND RESEARCH AGENDA

ABSTRACT

The paper develops a mechanism-based framework for explaining when and how Islamic finance
affects real economic outcomes. Rather than treating Islamic finance as a homogeneous institutional
label, the paper distinguishes between features embedded in canonical contracts and implementation-

equilibrium outcomes generated under real-world legal, informational, and regulatory constraints.

* izmir Katip Celebi University, izmir/ Tiirkiye, E-mail: brcbhcc@gmail.com.
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Building on a substantially expanded literature base that combines Islamic finance scholarship with the
broader economics of finance, contracts, inclusion, and ethical investing, the paper identifies five
principal transmission channels: risk sharing, asset-backing and materiality, delegated monitoring and
governance, financial inclusion, and ethical or sustainability-oriented capital allocation. Islamic
finance can strengthen resilience, widen access, improve investment quality, and align finance more
closely with productive activity, but these effects depend on contract composition, institutional quality,
Shariah governance, legal enforceability, liquidity infrastructures, and the extent to which practice
reflects substance rather than form. The paper also incorporates more recent debates on sukul
corporate and Shariah governance, displaced commercial rvisk, green and sustainability sukuk, and the
relation between Islamic finance and the Sustainable Development Goalsf The eoncluding research
agenda proposes testable hypotheses, measurement strategies, and _empirical designs centéred on

contractual substance, rather than relying on institution-level Islamie labelsialone:

Keywords: Islamic Finance, Islamic Banking, Sukuk, Risk Sharing, Financial Inclusion, Shariah

Governance, Real Economy, Economic Growth.

JEL Codes: G21, G23, E44, O16, Z12.

1. INTRODUCTION

Islamic finance is often introduced as imterest-free finamce, but that description is analytically
insufficient for evaluating its economigyconsequences: The more consequential question is whether the
contractual, governance, and allocative features associated with Islamic finance alter the way savings
are mobilized, risks are distributed, investments are selected, and shocks are absorbed. A large empirical
literature compares Islamiciand conventionalfinstitutions in terms of profitability, efficiency, asset
quality, market power, stability, and crisis performance, yet many studies still treat "Islamicness" as a
bank label rather thamas afi’observable bundle of contractual mechanisms (Beck et al., 2013; Abedifar

et al., 2013; Hassan & Aliyu, 2018; Grira & Labidi, 2021).

This paperiargues that the core research problem is not simply whether Islamic finance is "better"
or "werse'] than conventional finance. The central analytical question is therefore not whether Islamic
finance 1§ inherently superior or inferior to conventional finance, but under which institutional and
contractual conditions it can generate distinctive real-sector outcomes. That question requires a
ftamework linking principles, instruments, intermediate financial mechanisms, and macro or
developmental outcomes. It also requires explicit recognition of the persistent gap between normative
theory and prevailing practice, a gap emphasized by Aggarwal and Yousef (2000), El-Gamal (2006),
Khan (2010), Miah and Suzuki (2020), and several IMF and IFSB reports (Lopez-Mejia et al., 2014;

Kammer et al., 2015; Islamic Financial Services Board, 2025).

The revised contribution of this paper is fourfold. First, it reconstructs the paper around clearer

principles-to-outcomes architecture. Second, it embeds Islamic finance in the wider economics of
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contracts, intermediation, financial development, and ethical investing, drawing on canonical
contributions by Stiglitz and Weiss (1981), Diamond (1984), Hart and Moore (1994), Hart (1995),
Levine (1997, 2005), Beck et al. (2007), and Renneboog et al. (2008). Third, it substantially expands
the literature coverage on sukuk, corporate and Shariah governance, competition, displaced commercial
risk, and sustainability-linked Islamic finance. Fourth, it reformulates the research agenda around

measurable institutional substance rather than formal classification alone.

2. LITERATURE AND ANALYTICAL FOUNDATIONS

The modern Islamic finance literature emerged from a normative project that sought toyalign
financial intermediation with Islamic legal and ethical commitments. Foundationalitexts emphasized the
prohibition of riba, the discouragement of gharar and maysir, the requirement that fihance be tied to
lawful economic activity, and the desirability of risk-sharing arrangements such as mudarabah and
musharakah (Usmani, 2021; Vogel & Hayes, 1998; El-Gamal, 2006). Within that normative tradition,
finance is expected to serve the real economy, restrain exploitative contractual formis, and support social

justice through fairer distributions of risk and return.

Yet early analytical work also showed why ‘actual intermediation might drift away from pure
profit-and-loss sharing. Aggarwal and Yousef (2000) formalizedthe incentive problems associated with
investment financing under asymmetric information. Mirakhor@nd Zaidi (2007) clarified the logic of
PLS contracts, but the broader economics literaturelsuggésts why these contracts are hard to scale in
banking systems characterized by'\monitoring costs, moral hazard, weak disclosure, and incomplete
enforcement (Stiglitz & Weiss, 1981;"Diamond,, 1984; Holmstrom & Tirole, 1997). This tension helps

explain why debt-like instruments have domindted practice in many jurisdictions.

Subsequent{scholarship gradually moved from doctrinal exposition to empirical assessment.
Comparative, studies evaluiated Islamie banks' profitability, capitalization, efficiency, competition, and
resilience (éihék & Hesse2010; Beck et al., 2013; Khediri et al., 2015; Weill, 2011; Alharbi, 2017).
Macro-level work examined whether Islamic banking development is associated with banking
deepening, macroeconomic efficiency, financial inclusion, and growth (Gheeraert, 2014; Gheeraert &
Weill, 2015; Imam, & Kpodar, 2016; Hachicha & Ben Amar, 2015). At the same time, critical voices
continued to‘e@mphasize the possibility that contemporary Islamic finance may reproduce conventional
risk transfer under Shariah-compliant legal packaging rather than transform the underlying economic

logic (Kuran, 2004; El-Gamal, 2006; Khan, 2010).

The current state of the literature therefore requires synthesis rather than another binary
comparison. The key analytical task is to separate design-intent claims from implementation-
equilibrium outcomes and then identify the institutional moderators that determine which one dominates

in practice.
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3. TRANSMISSION CHANNELS FROM ISLAMIC FINANCE TO REAL ECONOMY

At the level of design intent, Islamic finance contains several features that could matter
economically. The first is state-contingent risk sharing. In principle, PLS contracts convert fixed debt
claims into contingent claims linked to project outcomes, with implications for leverage, default
dynamics, and the allocation of downside risk (Mirakhor & Zaidi, 2007). The second is materiality or
real-asset linkage. By requiring transactions to be connected to identifiable assets or gentline trade,
Islamic finance seeks to limit purely notional or excessively leveraged claims (Usmani, 2021; Kammer
et al., 2015). The third is screening. Islamic investment constraints exclude certaifi seetors ‘and often
impose leverage and liquidity filters, which can alter portfolio composition, factor exposutes, andythe
distribution of capital across activities (Derigs & Marzban, 2008, 2009). (The fourth is governance.
Because Shariah compliance introduces an additional layer of oversight; Islamic institutions face an
expanded governance structure involving boards, Shariah supervisory boards, auditors, and standard

setters (Grais & Pellegrini, 2006; Mollah et al., 2017; Safiullah & Shamsuddin, 2018).

These design features suggest several potential channels from Islamic™ finance to the real
economy. Finance theory identifies risk pooling,/ savings mobilization, monitoring, and resource
allocation as the central functions through which finance affects growth and welfare (Bodie & Merton,
2000; Levine, 1997, 2005). If Islamic finaneemnmeaningfullyschanges these functions, then it can plausibly
influence real outcomes. If, however, the same functions are reproduced through economically debt-like

claims benchmarked to conventional rates; then'large'differences should not be expected.

This distinction is analytically central. The right object of analysis is not the institutional label but
the economic content of:the.claims being€reated. That is why a mechanism-based approach is superior
to a label-based one! A bankiean be formally Islamic while relying overwhelmingly on short-term
murabaha, limited“risk sharing, weak asset transfer, and conventional benchmarks. Conversely, a
narrower but'more substantively risk-sharing and asset-linked segment may have more distinctive real

effects than a muchlarger formally Islamic sector dominated by replication.

3.1. Risk-sharing Mechanisms

The most distinctive theoretical claim associated with Islamic finance is that replacing fixed
obligations with state-contingent claims can reduce leverage-driven fragility. In conventional contract
theory, debt disciplines borrowers but also creates threshold effects, liquidation pressure, and insolvency
externalities when projects underperform (Hart & Moore, 1994; Williamson, 1988). A system with a
larger role for equity-like or partnership contracts should, in principle, distribute shocks more smoothly
and lower the probability that modest cash-flow disruptions trigger defaults, fire sales, or credit

crunches.

Islamic finance theory therefore places substantial weight on mudarabah and musharakah as

superior modes of financing. Mirakhor and Zaidi (2007) and Hussain et al. (2016) link this architecture
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to broader claims about resilience and stability. Empirical studies partly support the expectation that
Islamic banks can exhibit lower credit risk or stronger capitalization in some settings. Cihdk and Hesse
(2010) find that small Islamic banks appear financially stronger than comparable conventional banks in
several environments. Beck et al. (2013) document higher capital-asset ratios and better asset quality for
Islamic banks on average. Abedifar et al. (2013) similarly find lower credit risk among small Islamic

banks, especially in countries with predominantly Muslim populations.

However, these findings do not automatically validate the full risk-sharing thesis.\ They may
instead reflect conservative balance-sheet structures, customer behavior, or selectioni effects rather than
a deep prevalence of PLS contracts. Miah and Suzuki (2020) show how the "murabaha\syndrome"
emerges as a structural equilibrium response: banks, depositors, and regulators often prefer debt-like
forms because they are easier to price, monitor, standardize, and defendiin, legal disputes. Khan (2010)
makes the broader critique that much of the industry remains economiecally close to'cenventional finance

despite distinct terminology and formal constraints.

The implication is that the risk-sharing channel is best treatedhas conditional. Its expected macro
benefits are strongest when contract composition meaningfullyfshifts\toward contingent claims and
when accounting, disclosure, investor protection, and adjudication systems are strong enough to make
those claims enforceable. Without those complements, the,risk-sharing promise may remain primarily

aspirational.

3.2. Asset-backing and Materiality

A second major claifn'is that Islamic finance ties finance more closely to real activity. In theory,
asset-backing or tramsaction=backing imposes discipline on credit creation, constrains excessive
leverage-on-leverage structures, and anchors financing in identifiable economic transactions (Usmani,
2021; Kammer et al.,2015). If genuine, this should improve investment quality by limiting speculative

expansion detached.from underlying productive assets.

Thexdistinction between asset-based and asset-backed structures is central here. Policy reports
repeatedly/nete thatmany Islamic financial instruments, especially in capital markets, do not necessarily
confer, robust claimPrights over underlying assets in a bankruptcy-relevant sense (Lopez-Mejia et al.,
2014; Hussainvet al., 2016). The legal architecture of transfer, recourse, beneficial ownership, and
inselvency treatment matters. A transaction may reference an asset while still leaving the economic risk

profile'close to an unsecured or conventionally benchmarked claim.

This debate is particularly visible in sukuk literature. Zulkhibri (2015) reviews the operational
and legal diversity of sukuk structures and emphasizes the gap between theoretical distinctiveness and
practical heterogeneity. Godlewski et al. (2013) and Alam et al. (2013) show that capital-market
reactions to sukuk differ from those to conventional bond issuance, suggesting that investors do not treat

all sukuk as exact substitutes. Said and Grassa (2013), Smaoui and Nechi (2017), and Smaoui et al.
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(2020) further indicate that sukuk market development can influence market structure, growth, and bank

risk in non-trivial ways.

From a real-economy perspective, the materiality channel is likely to operate through investment
quality rather than quantity alone. When financing is credibly linked to real assets, project appraisal,
collateral discipline, and monitoring may improve. But if asset references are largely formal and legal
claims remain weak, then materiality can become symbolic rather than economically transformative.
Future work should therefore measure enforceable asset linkage rather than simply classify instruments

by nominal structure.

3.3. Governance and Delegated Monitoring

A third channel concerns monitoring and governance. Islamicefinance potentially changes not
only contractual payoffs but also the internal governance architecture of)\finaneial institutions. In
addition to conventional boards and regulators, Islamic banks and funds rely on Shariah supervisory
boards or comparable compliance mechanisms. In principle, this extra layer can improve monitoring by
scrutinizing contract design, disclosure, and admissibility. I€imay/also create reputational capital that
strengthens trust among customers who would otherwise remain outside the formal system (Grais &

Pellegrini, 2006; Mollah et al., 2017).

The governance evidence is mixed but important. Mollah et al. (2017) find that the governance
structure of Islamic banks has distinet, implications, for risk-taking and performance relative to
conventional banks. Safiullah and Shamsuddin,(2018)show that Islamic banks differ from conventional
banks across several riskddimensions“and that Shariah supervisory board characteristics matter for
insolvency and operational tisk. More recent work also points to the importance of board design,
advisory-board characteristics, and, corporate-governance arrangements in shaping bank performance

and risk behavior (Aslam& Haron, 2021; Haddad & Souissi, 2022; Nomran et al., 2018).

Governance, howeverycan also add complexity and coordination costs. Multiple approval layers
may slow, innovation, merease compliance costs, or create interpretive fragmentation across
jurisdietionssDifferences between centralized and decentralized Shariah governance regimes matter
greatly. Malaysia's'relatively standardized governance environment, for example, differs from more
fragmented systems in which institutional boards issue divergent rulings. These differences affect
contract/standardization, dispute resolution, market depth, and investor confidence (Krasicka & Nowak,

2012;Lopez-Mejia et al., 2014; Islamic Financial Services Board, 2006, 2024).

The real-economy implication is straightforward: where Shariah governance is credible,
professional, and integrated into broader prudential oversight, it can reinforce trust, reduce ambiguity,
and improve screening. Where it is weak, fragmented, or performative, it may raise form-compliance

costs without materially improving investment decisions.
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3.4. Financial Inclusion and Savings Mobilization

Islamic finance may also matter by serving populations and firms that are voluntarily excluded
from conventional finance for religious reasons. This inclusion channel is among the most policy-
relevant and empirically plausible mechanisms. Demirguc-Kunt et al. (2014) use global survey evidence
to show that Muslim adults are less likely, on average, to hold formal accounts and that religion is a
non-trivial stated reason for exclusion in several countries. Naceur et al. (2017) argue that Islamic
banking can therefore act as an avenue for financial inclusion in OIC economies, while\Imam_and
Kpodar (2016) identify improved access to deposits as one of the main channels throughswhich'Islami¢

banking supports growth.

The inclusion argument has two distinct layers. The first is extensive margin elusion; bringing
previously excluded households into formal savings, payments, and deposit systems. The ‘second is
productive inclusion: expanding access to working capital, trade finance, and investmént finance for
SMEs and entrepreneurs. These layers should not be conflatedsA system may attractdeposits from faith-

excluded savers without necessarily translating those deposits into productive and inclusive financing.

Evidence on SMEs is particularly relevant|becauseylslamic banking is often claimed to be
relationship-oriented and better aligned with small<firm financing® Aysan et al. (2016) find that
participation banks in Turkey are more inclined toward SME financing than conventional banks, with
comparable portfolio quality. Wajdi Dusuki (2008).similarly emphasizes the potential interface between
Islamic banking and microfinance.| Y et thisipositive narrative again depends on product design. If SME
financing is dominated by short-term trade-based contracts with high collateral expectations, inclusion

may increase at the deposit margin whiletemaining limited at the entrepreneurial margin.

The inclusiont channel should therefore be modeled as a joint function of religious compatibility,
product affordability;tran§parency,.and institutional trust. Where these conditions are met, Islamic
finance can mobilize dormant savings, widen formal participation, and support capital accumulation.

Where. they are absent)ithe mere availability of Islamic products may not generate large real effects.

3.5./Ethical Sereening and Sustainability Allocation

Islamic finance also differs from conventional finance through negative screening and,
increasingly, through sustainability-oriented allocation. The screening component excludes activities
deemed{impermissible and often applies leverage, receivables, and liquidity screens in capital markets.
In economic terms, this changes the investable universe and can affect diversification, cost of capital,

and the sectoral distribution of funding (Derigs & Marzban, 2008, 2009).

This channel resembles, but is not identical to, the broader literature on socially responsible
investment. Renneboog et al. (2008), Statman (2000), Bollen (2007), and Hong and Kacperczyk (2009)

show that values-based screening can change investor demand, expected returns, and pricing in
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predictable ways. Islamic screening differs because it combines moral exclusion with contract-form
restrictions and balance-sheet filters. As a result, its real effects depend on how strongly it shifts capital
away from highly leveraged or harmful sectors and whether the remaining universe provides adequate

diversification.

Recent work on sustainable and green sukuk adds a further dimension. Green and sustainability
sukuk seek to combine Shariah-compliant structuring with earmarking for environmentaldor social
projects. Institutional evidence suggests this segment is growing and becoming more standardized
(International Capital Market Association et al., 2024; London Stock Exchange Group)2024;Bennett
& Coyle, 2025). Review studies also indicate that green sukuk has become a bridge between Islamie
finance and ESG or SDG agendas, though the academic literature remains fragmented (Harahap et al.,

2023; Alkadi, 2024; Lee et al., 2025).

The key analytical point is that ethical screening does not automatically lowemrisk or improve
welfare. It changes exposures. Excluding certain sectors maypteduce some tail risks while increasing
concentration elsewhere. The sustainability branch of Islamic finance therefore raises an empirical
question rather than settling it in advance: do green and sustainability sukuk expand productive financing
for transition, infrastructure, and climate adaptation i, ways that are additional, scalable, and credibly

monitored?
4. INSTITUTIONAL CONSTRAINTS ANDAMPLEMENTATION EQUILIBRIUM

4.1. Divergence between Theory and Practice

A central theme ginning through theliterature is the divergence between Islamic finance in theory
and Islamic financefin practice:Fhat divergence is not an accident; it is often an equilibrium outcome.
Contract choice refleets thelinteraction among customer preferences, bank incentives, accounting rules,
supervisory | €Xpectationsy, tax treatment, legal enforceability, benchmark pricing, and liquidity
management constraints. If debt-like forms minimize information problems and fit existing regulatory

terplates, they will tend to' dominate even in systems that normatively value PLS.

This helpsiexplain the persistence of murabaha-heavy balance sheets documented by Miah and
Suzuki (2020),and the broader skepticism voiced by El-Gamal (2006), Khan (2010), and Kuran (2004).
Ibalso explains why some comparative studies find only modest or mixed differences between Islamic
and ‘conventional institutions despite strong normative claims. In many systems, Islamic banks compete
in dual-banking environments against entrenched conventional institutions, face the same depositor
expectations for smooth returns, and benchmark pricing to conventional reference rates. The result is an

incentive structure that compresses functional differences.

4.2. Liquidity Constraints and Financial Infrastructure
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Two additional factors intensify the implementation problem. The first is liquidity management.
Islamic banks operate under constraints arising from the relative scarcity, uneven availability, or shallow
trading depth of Shariah-compliant liquidity instruments. IMF and IFSB reports repeatedly identify this
as a structural bottleneck with implications for monetary transmission, risk management, and balance-
sheet strategy (Lopez-Mejia et al., 2014; Hussain et al., 2016; Kammer et al., 2015; Islamic Financial
Services Board, 2023). The second is displaced commercial risk, whereby banks under competitive
pressure smooth returns to investment account holders to prevent withdrawals, thereby muting the

intended risk-sharing properties on the liability side (Rouetbi et al., 2023).

Once these constraints are recognized, the research agenda becomes clearer. Rather than assuming
intrinsic superiority, research should focus on identifying the institutional referms, govermance
arrangements, and financial infrastructures that enable Islamic finangeito,realize its distinctive design

features.

The macroeconomic literature offers qualified supportdorthe proposition thatdslamic finance can
matter for development. Gheeraert (2014) finds that the expansion ofiIslamic banking is associated with
broader banking-sector development rather than merely displacing conventional banks. Gheeraert and
Weill (2015) report that Islamic banking development is assoeiated with macroeconomic efficiency,
though the relation appears nonlinear. Imam,and Kpodar, (2016) find that Islamic banking supports
growth mainly through capital accumulation and improved financial inclusion, while Hachicha and Ben

Amar (2015) identify positive effe¢ts in'the Malaysian'case:

These findings are important but must'be interpreted carefully. Growth regressions and cross-
country panels remain vilnerable to omitted institutional differences, measurement problems, and the
challenge of isolating>whethethobserved effects stem from Islamic finance itself or from correlated
reforms, resource endowments, or'broader financial deepening. The strongest conclusion that can be
sustained fromythe current literature is not that Islamic finance universally raises growth, but that it can

do so under supportive institutional and compositional conditions.

The stability literature points in a similar direction. Hasan and Dridi (2011), Farooq and Zaheer
(2015); Beck etial. (2013), and Abedifar et al. (2013) all identify channels through which Islamic banks
may displayhresilience during stress, including lower deposit flight, stronger capitalization, different
asset exposure, and behavioral trust effects. Loan-level evidence from Pakistan also suggests that
religious 1dentity and social-network enforcement can affect repayment outcomes (Baele et al., 2014).
Yet not all comparative studies point in the same direction, and some differences appear to be strongest

for small banks, specific countries, or crisis sub-periods.

For a paper focused on real economic outcomes, the correct inference is therefore conditional
heterogeneity. Islamic finance can support growth, intermediation, and stability, but not uniformly and

not independently of governance, legal structure, and contractual substance.
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5. CAPITAL MARKETS AND SUSTAINABILITY

5.1. Sukuk and Real-sector Investment

Sukuk deserve separate treatment because they provide a bridge between banking, capital-market
development, and long-horizon investment. In theory, sukuk can widen the financing base for
infrastructure and corporate investment while preserving Shariah-compliant structures. This makes them

particularly relevant for public investment, project finance, and the mobilization of long-term savings.

The literature suggests at least three real-economic pathways. First, sukuk can deepen domesti¢
capital markets by broadening instrument diversity and attracting investors who ‘avoid conventional
debt. Second, they can support large fixed-capital projects that exceed the practical scope ofsbank
intermediation. Third, they can reinforce credibility where legal structures align economic claims with
identifiable assets and cash flows. Smaoui and Nechi (2017) provide ‘eross-country.evidence that sukuk
market development is associated with economic growth. Zulkhibri (2015) synthesizes theoretical and
empirical literature and emphasizes the need to move (beyondydescriptive work toward stronger
identification. Smaoui et al. (2020) and Mimouni et ale(2019) show that sukuk-market development can
affect bank performance and risk, implying system-wide interactions rather than isolated capital-market

effects.

At the same time, the sukuk literature illustrates the broader substance-versus-form dilemma.
Different structures vary considerably-in recourse, tradability, ownership transfer, and bankruptcy
implications. Consequently, not all sukuk have the same developmental content. Future empirical work
should therefore disaggregate sovereignifrom corporate sukuk, domestic from international issuance,
and green or social from conventional sukuk:“It should also distinguish whether proceeds finance new

productive assets,@efinance existing liabilities, or primarily serve treasury management purposes.

5.2. Islamic Finance and Sustainable Development

Angrowing, literature reconnects Islamic finance with broader developmental objectives through
magqasid al-Shari'ah; shared prosperity, and the Sustainable Development Goals. The World Bank and
Islamic “Development’ Bank Group (2016) present Islamic finance as a possible catalyst for shared
prosperity, while OECD (2020) highlights its relevance to development finance. More recent reviews
explicitly connect Islamic finance to sustainability frameworks, green investment, and social outcomes

(Harahap et al., 2023; Slamet, 2020; Alkadi, 2024).

This line of work is valuable because it broadens the assessment beyond narrow bank performance
measures. If Islamic finance is evaluated only by profitability or market share, its distinct normative
ambitions are lost. A more appropriate framework also asks whether Islamic finance supports inclusive

investment, environmental stewardship, social risk-sharing, and distributive fairness. The magqasid
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literature and the sustainability turn both point in this direction, although much of the work remains

conceptual or bibliometric rather than causal and measurement rich.

The main challenge is operationalization. Researchers need credible indicators for welfare-
relevant outcomes: SME access, resilience of vulnerable households, infrastructure quality, climate-
finance additionality, and the distribution of risk between capital providers and entrepreneurs. Without
such measures, claims that Islamic finance advances maqgasid or SDGs remain normativelyJattractive
but empirically under-specified. The next generation of research should therefore comnect moral

objectives to measurable institutional and developmental outcomes.
6. CONCEPTUAL FRAMEWORK

6.1. A Mechanism-based Conceptual Framework

The literature reviewed above supports a layered framework:

Principles -> contract design -> balance-sheet composition ->), intermediate’ mechanisms -> real

outcomes. )]

At the principles layer, Islamic finance imposesirestrictions and‘positive obligations concerning
riba, gharar, maysir, lawful activity, andsfeal-activity linkage. At the contract-design layer, these
principles are translated into debt-like trade or lease structures, equity-like PLS contracts, investment-
account arrangements, and a range of sukuk ‘structures. At the balance-sheet layer, actual practice
determines the mix between murabaha-style)finan€ing, participatory contracts, fee-based services,
liquidity buffers, and capital-market exposure. /At the intermediate-mechanism layer, this mix shapes
leverage, screening, monitoring, withdrawal behavior, competition, and governance. Only then, at the
final layer, do observable real out¢emes emerge: growth, inclusion, resilience, investment quality, and

sectoral alloeation.

This framewotk, has two analytical advantages. First, it makes room for heterogeneity. Two
countries with similar Islamic-banking market shares can generate different outcomes if their contract
mix, governance quality, legal infrastructure, and capital-market depth differ. Second, it clarifies what
should, be ' measured. Many empirical papers use aggregate Islamic-bank assets or market share as the
key regressor. Those indicators are useful but insufficient. Better measures would include the PLS share
oftassets and liabilities, the legal robustness of asset transfer, the structure and authority of Shariah
boards, the depth of sukuk markets, the availability of Islamic liquidity instruments, and the degree of

benchmark dependence on conventional rates.

In short, the decisive variable is not formal identity but economic substance. That principle should

organize future research.

6.2. Testable Hypotheses
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A more rigorous research agenda should begin with measurement before causality. Four
measurement priorities are especially important. First, risk-sharing intensity should be captured directly
through contract composition on both asset and liability sides. Second, materiality should be measured
through enforceable asset linkage rather than nominal reference to assets. Third, Shariah governance
should be operationalized through authority, board composition, centralization, and standard adoption.

Fourth, inclusion should distinguish deposit outreach from productive financing outreach.
With these measures in hand, several testable hypotheses follow.

Hypothesis 1: Higher substantive PLS intensity is associated with lower ¢risis sensitivity and
smoother credit adjustment, but only where legal enforcement, disclosuregquality, and accounting

transparency are strong.

Hypothesis 2: Islamic finance improves growth primarily through ‘inclusion)and capital
accumulation rather than through generic financial deepening alone. This effect shouldbe stronger in

environments with larger populations that are voluntarily eXcluded from conventienal finance.

Hypothesis 3: Genuine asset-backed or stronglyatransaction-linked financing is associated with
better investment quality and lower volatility than economieally equivalent but formally compliant

structures.

Hypothesis 4: Stronger Shariah ‘governance and greater standardization increase the real
effectiveness of Islamic finance byfreducing l¢gal ambiguity, compliance uncertainty, and reputational

fragility.

Hypothesis 5: Sukik-market development raises productive investment only when issuance is

linked to new investiient projeets or infrastructure formation rather than refinancing alone.

Hypothesis 6% Ethicdl and sustainability-oriented Islamic instruments alter capital allocation in
ways that canteduce some tail risks but may also generate concentration effects; the net effect is

therefore empirical andyshould,be studied at the portfolio and sector levels.

Methodologically, the most promising designs include regulatory discontinuities, staggered
adoption of centralized Shariah governance, branch-level comparisons within dual-banking systems,
loan-level repayment and pricing analyses, and issue-level sukuk datasets linked to post-issuance
investment outcomes. Difference-in-differences designs around reforms, combined with contract-level
data, afe especially important because they move the literature away from institution labels and toward

mechanism identification.

7. CONCLUSION

Islamic finance can influence real economic outcomes, but not by virtue of label alone. Its

potential distinctiveness lies in a set of mechanisms - risk sharing, materiality, governance, inclusion,
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and ethical allocation - that may alter the way finance interacts with production, investment, and risk.
Whether those mechanisms are activated in practice depends on contract composition, legal
enforceability, liquidity infrastructures, governance quality, and the competitive environment in which

institutions operate.

The most important implication of this analysis is therefore methodological as much as
substantive. Future research should stop asking whether Islamic finance, in the abstractgi$» growth-
enhancing, stable, inclusive, or ethical. Instead, it should ask which Islamic financial arrangements,
operating under which institutional conditions, generate which real outcom@sthrough which
mechanisms. That reframing preserves the normative ambitions of Islamic finance while subjecting

them to disciplined empirical scrutiny.

If literature advances in that direction, the debate can movelbeyond broad, claims and
counterclaims. Islamic finance will then be evaluated neither as a rhetorical ideal nomasfa simple legal
variant of conventional finance, but as a heterogeneous institutional field whose developmental effects

depend on measurable structures and choices.
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THE IMPACT OF TRADE OPENNESS ON GOVERNMENT SIZE: TESTING THE
COMPENSATION AND EFFICIENCY HYPOTHESES IN KYRGYZSTAN

Assoc. Prof. Mustafa Orhan OZER"*

ABSTRACT

Globalization, with its economic, political, and social dimensions, makes the integratiom,of
countries into the international system inevitable. This process also gives rise to economic risks. Trade
openness can make a country's economy vulnerable to external shocks. Eek,developing countries,
especially the smaller countries that broke away from the Soviet bloc, overcoming the ‘obstdcle is
challenging. The tendency to increase public spending and the overall size,of the public sector to limit
the economic risks arising from trade openness is referred to in the literature asithedcompensation
hypothesis. Conversely, the view that trade openness leadssto_a contraction of the public sector by
increasing competitive pressure is referred to as the efficiency hypothesis. This study examines the
influence of trade openness on government size fin Kyrgyzstan from 1990 to 2024. The Fourier
Autoregressive Distributive Lag cointegration test is ‘applied byincluding economic growth as a control
variable. The findings indicate that the variables are cointegrated. In the long run, increased trade
openness is associated with a rise in government size, while“economic growth tends to reduce it. An
increase of 1% in trade openness leadstoya 0.28% expansionin the public sector, whereas a 1% increase
in growth results in a 0.21% contraction. Imyconclusion, the compensation hypothesis is found to be

valid for the Kyrgyz economy, while theefficiency hypothesis is not supported.
Keywords: Compensdtion Hypothesis, Efficiency Hypothesis, Government Size, Trade Openness.

JEL Codes: C12, Fi4, H1d:

1. INTRODUCTION

In the aftermdath of the Soviet Union’s collapse, belief in communism largely disappeared, and
the worlddransitioned from a bipolar to a unipolar system. This development has had numerous political
and social‘¢ensequences and has also led to an increase in trade between countries. Kyrgyzstan, one of
the countries that broke away from the Eastern Bloc, saw its foreign trade volume's share of its gross
domesti€¢ product rise from 72% in the early 1990s to 99% at the end of the 1990s, and reach a peak of
146% in 2008 (World Bank, 2026).

Cameron (1978) stated that the degree of openness of the economy to international markets is one
of five factors explaining the growth in the scope of government activities. This study found that

countries with high foreign trade volumes, such as the Netherlands, Denmark, Norway, and Sweden,

* Anadolu University, Faculty of Economics and Administrative Sciences, Department of Economics, Eskisehir/ Tiirkiye, E-
mail: mustafaorhanozer@anadolu.edu.tr.
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also have high government revenues. In contrast, countries with low foreign trade volumes, such as the
United States, Japan, Italy, Spain, Australia, Germany, and France, also have low government revenues.
This approach, known as the compensation hypothesis, argues that greater economic openness promotes
industrialization, which in turn generates a range of economic and political dynamics that contribute to
the expansion of the public sector. Rodrik (1998) empirically tested this hypothesis and concluded that
it is valid. Faced with the economic risks and uncertainties created by increasing international trade, the

state is trying to protect society by expanding social security, income transfers, and welfare programs.

On the other hand, according to Schulze and Ursprung (1999), increasingdopenness-creates a
competitive environment that forces governments to lower tax rates to attract capital. This,\along with
globalization, tends to reduce the size of the public sector by limiting public revenues. This \appreach,
which posits an inverse relationship between trade openness and the sizeyof theipublic sector, is known
as the efficiency hypothesis. This hypothesis, in contrast to the compensation hypothesis, is a supply-

side rather than a demand-side approach.

Trade liberalization is part of globalization, and it's very difficult to resist it. Genschel (2004)
addressed the relationship between globalization and theywelfare state and“examined three different
approaches: Globalization theory, globalization skeptics, and revisionism. The first approach argues that
globalization weakens the welfare state, thessecond approaech denies the impact of globalization, and the
third approach defines globalization as both a consequence and part of the solution to the problems of
the welfare state. The effects of globalization are thought to vary depending on countries, periods, and

institutional conditions.

Kyrgyzstan, one of the four independent Turkic republics in Central Asia, like Kazakhstan,
exhibits a more open’trade structure compared to Turkmenistan and Uzbekistan. The country has
implemented trade‘teforms, throughyprivatization and business restructuring, reduced trade barriers to
increase tradévolume, supported international integration, and sought to lower trade costs (Mazhikeyev

et al., 2015).
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Source: World Bank (2026)

Figure 1 shows the trends in trade openness and public sector size in Kyrgyzstan. Trade openness
remained largely unchanged during the 1990s. However, it increased rapidly in the 2000s, peaking in
2008. Although it began to decline after the global financial crisis, it has increased again following the

Covid-19 pandemic. Government size, in general, tends to decrease steadily.

The main objective of this study is to test the validity of the compensation and efficiengy
hypotheses for Kyrgyzstan. For this purpose, time series from 1990 to 2024 are analyzed using a Fourier-
based cointegration test that takes into account both hard and soft transition structural breaks. The
remainder of the paper is organized as follows: the first part covers the relevant literature, follewed by
a description of the data and methodology. Subsequently, the empirical findings-are discussed, and the

paper concludes with a summary of the results and their implications.

2. LITERATURE REVIEW

Some studies in the literature show that trade openness does not play a role in increasing the size
of the public sector. Liberati (2007) investigated the relationship between trade openness and
government spending for 20 selected countries using regression analysis. The study, which used time
series data from 1967 to 2003, showed that trade openness reduces government spending, meaning the
compensation hypothesis is invalid and the efficiency hypothesis is valid. Benarroch and Pandey (2012)
analyzed 119 selected countries for the period 1972-2000. Findings from the Granger causality test
indicated that the compensation hypothesis was invalid. Sener et al. (2015) investigated Ttirkiye for the
period 1975-2013. In the study, which used the Johansen-Juselius cointegration and Granger causality

tests, no relationship was found between the variables.

Numerous studies in the literature have shown that the compensation hypothesis is valid. Zakaria
and Shakoor (2011) studied Pakistan for the period 1947-2009, while Lin et al. (2014) investigated 92
small developing countries between 1985 and 2010. Both studies, using regression analysis, found that
trade openness increases the size of the government and that the compensation hypothesis is valid.
Aregbeyen and Ibrahim (2014) evaluated Nigeria for the period 1970-2012, and Islam et al. (2022)
evaluated Saudi Arabia for the period 1985-2019. These studies, employing the ARDL bounds test
approach, found that trade openness is associated with increased government spending. Aztimur et al.
(2023) analyzed China for the years 1990-2021. Findings from Fourier ADL cointegration and Hacker-
Hatemi-J causality tests indicated that trade openness increased government size. Bharati et al. (2023)
investigated 137 selected countries for the period 2000-2016 using regression analysis. The results
indicate that trade openness affected government size but did not affect education, health, and military

expenditures.
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Some studies have reached different conclusions depending on the country. Turan and Karakas
(2016) investigated the period from 1960 to 2011 using the ARDL bounds test approach. Accordingly,
the efficiency hypothesis is valid for Tiirkiye, and the compensation hypothesis is valid for Korea.
Bayrakdar and Soyyigit (2021) analyzed 6 Turkic republics between 1997 and 2017 using the
Westerlund panel cointegration test. Their findings showed that the efficiency hypothesis was valid for
Azerbaijan, Tajikistan, and Turkmenistan, while the compensation hypothesis was valid for Kyrgyzstan.
Tekin et al. (2023) examined 11 Central and Eastern European countries for the period 1996-2021 using
the Konya Bootstrap Granger causality test. As a result, it was observed that the compensation

hypothesis was valid in four countries, while the efficiency hypothesis was valid in only one country.

3. DATA SET

The study employs annual time-series data covering the period from 1990 t02024, yielding a total
of 35 observations for each variable. All data were obtained from the World Bank“database. Three
variables are included in the model. Trade openness, whicli serves as the main explanatory variable, is
measured by Trade (% of GDP). Government size_is represented by .General government final
consumption expenditure (% of GDP). In addition, economigigrowth is incorporated as a control variable
and is measured by GDP (constant 2015 USS$). The natural logarithms of all variables were used in the

empirical analysis.

4. METHODOLOGY

In this study, the cointegration approach developed by Banerjee et al. (2017) is employed to
analyze the relationship between the variables. Extending traditional cointegration tests with Fourier
functions can lead to improved test performance (Pascalau et al., 2022). The model under
investigation is given in Equation (1).

2mk™t
T

tOVt =\aphaq SN (ZH:*t) + ay cos(

7ATRAt_1 + (ZgAGDPt_l + &

) + @360V,_1 + @uTRAr—1 + asGDP,_; + agAGOV,_q +

(1)
Herey, GOV represents the dependent variable, TRA and GDP are the independent variables, and

sin and'cos are’trigonometric terms that capture possible structural breaks. |£: stands for the error term,

t fon thedtrend, T for the sample size, and £ for the frequency value.
;=0 (2)
3 <0 (3)

Equation (2) represents the null hypothesis that there is no long run relationship between the
variables, and equation (3) stands for the alternative hypothesis that there is a long run relationship

between the variables. The test statistic is obtained using equation (4):

250



ICOAEF-XV International Conference on Applied Economics and Finance
May 11"-12", 2026 / Bishkek- KYRGYZ REPUBLIC

Fo—_ @ 4
ADL se(agj ()

Here, (@ represents the ordinary least squares estimator of lc?, and [se (g, ) represents the standard

error of l(g Banerjee et al. (2017) determined the critical values. If test statistic is greater than the critical
value, the null hypothesis is rejected.
5. FINDINGS

A unit root test was applied to check the stationarity of the time series, and thea@sults are,reported

in Table 1.

Table 1. ADF Unit Root Test Results

Variable Lag t-stat. Prob.
GOV 4 -1.316819 0.6085
TRA 0 -1.517956 0.5126
GDP 0 0950471 0.9950
DGOV 0 -9.295850* 0.0000
DTRA 0 -5.155814* 0.0002
DGDP 0 -2.652191*** 0.0932

Note: * and *** correspond to significance at the 1% and 10%¢evels, respectively. The Akaike Information Criterion (AIC) is employed to
select the optimal lag length.

According to the ADF unit roet test resultsjithe test statistics for the GOV, TRA, and GDP
variables at their level #falues are not statistically significant, indicating that these series are non-
stationary and contaifi‘a unit roet. However, when the first differences of the variables are considered,
the DGOV and DTRA series become stationary at the 1% significance level, while the DGDP series
becomes stationary at the 10% significance level. These findings indicate that all three variables are
non-stationary in levels but'become stationary after first differencing, implying that they are integrated
of erder one, I(1). Therefore; cointegration analysis can be employed to investigate the existence of long

run relationships ameng the variables, and the results are reported in Table 2.

Table 2. FADL Cointegration Test Results

Dep. Variable Indep. Variables Optimal k | Minimum Ac | FADL Test
GOV (1) TRA (3) GDP (1) 5 -3.096708 -5.201501*

Note: * corresponds to statistical significance at the 1% level. The maximum lag length is set to 4.

According to the FADL cointegration test results, a long run relationship was found between the
dependent variable GOV and the independent variables TRA and GDP. The fact that the test statistic is

significant at the 1% significance level indicates cointegration between the variables. This result reveals
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that these variables move together in the long run and have an equilibrium relationship. DOLS was used

to estimate the long run coefficients, and the results are reported in Table 3.

Table 3. DOLS Estimation Results

Variable Coef. Std. Error t-Statistic Prob.
TRA 0.280384 0.056175 4.991218%* 0.0003
GDP -0.214312 0.031949 -6.707966* 040000
C 6.439602 0.529887 12.15278* 0:0000
SIN 0.053754 0.011045 4.866634* 0.0004
COS -0.000358 0.007434 -0.048219 0.9623

Note: * corresponds to statistical significance at the 1% level. The maximum lag length is set to 4.

In the DOLS model, since the logarithms of the variables havefbeen taken, the 'BRAand GDP
coefficients are interpreted as elasticity. Accordingly, a 1% increase in‘the TRA variable increases GOV
by approximately 0.28%, while a 1% increase in GDP decreases GOV by approximately 0.21%. These
results show that TRA has a positive effect on GOV, while GDPhas a negative effect. The constant

term and the cosine term are also statistically significant.

6. CONCLUSION

The findings of this study offer significant implications when evaluated within the framework of
two fundamental hypotheses explaining the impact of globalization and trade openness on the public
sector. In the case of Kyrgyzstan, the study examines the effect of increased trade openness on the size
of the public sector in a small, developing transition economy following the collapse of the Soviet Union.
The results indicate that the compensation hypothesis holds for the Kyrgyz economy. According to this
hypothesis, the public sector expands to offset the economic risks arising from increased openness.
Conversely, the efficiency hypothesis is not supported; that is, the shrinking effect of increased

competitive pressure on the public sector is not confirmed in the specific case of Kyrgyzstan.

In the empirical analysis, the FADL cointegration test was used for the period 1990-2024, and
economic growth was included in the model as a control variable. The findings revealed a long run
cointegration relationship between the variables. According to the long run coefficients, a 1% increase
in trade openness increases the size of the public sector by approximately 0.28%, while a 1% increase

in economic growth reduces the public sector by approximately 0.21%.

The findings of this study do not align with the results of Liberati (2007), who found the efficiency
hypothesis to be valid, nor with those of Benarroch and Pandey (2012) and Sener (2015), who found the
compensation hypothesis to be invalid. However, they are consistent with the findings of Zakaria and
Shakoor (2011), Lin et al. (2014), Aregbeyen and Ibrahim (2014), Islam et al. (2022), Aztimur et al.
(2023), and Bharati et al. (2023), which support the validity of the compensation hypothesis.
Furthermore, the findings of Bayrakdar and Soyyigit (2021), a study specifically on Kyrgyzstan, which
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also confirms the compensation hypothesis, directly support the results of this study. In this respect, the
findings are consistent with the approach in the literature that defends the validity of the compensation

hypothesis.

These results confirm the effect of trade openness in increasing public spending, while growth
plays a contractionary role in the public sector. Economic growth, by relatively shrinking the public
sector, is consistent with the strengthening of market mechanisms and the private sector taking on a
more effective role in resource allocation. In this context, it can be stated that the growth process has

the potential to create a more efficient economic structure by reducing the state's weight in the economy.
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AKILLI LOJISTIK KOY: KOCAELI DE KURULMASI PLANLANAN AKILLI LOJISTIK
KOYUN SWOT ANALIiZi iLE DEGERLENDIRILMESI

Zehra GONUL*

OZET

Bu calismada lojistik kavrami; tarihsel gelisimi, giiniimiizdeki stratejik onemi\ ve dijital
doniistimiin sektore etkileri cercevesinde incelenmistir. Arastrmada oncelikle lojistik kéylerin ortaya
¢tkis nedenleri, gelisim siireci ve lojistik faaliyetler acisindan tasidigi onemele alinmis, ardindan

teknolojik gelismelerin etkisiyle ortaya ¢ikan akill lojistik koy modeli degerlendirilmistir.

Kiiresellesmeyle birlikte tiretim ve ticaret aglarmmin genislemesi, malive bilgi akisimin daha etkin
yonetilmesini gerekli kilmigtir. Bu siirecte lojistik, tasimaciligin otesine gecerek buitnlesik bir yapiya
doniigmiistiir. Farkly ulagim tiirlerini bir araya getiren lojistik kdyler ise yiik hareketlerinin daha verimli

yonetilmesini saglayan énemli merkezlerdir.

Endiistri 4.0 ile birlikte lojistik sektoriinde dijitallesime hiz kazanmis ve Nesnelerin Interneti,
yapay zekd ile biiyiik veri gibi teknolojilerin entegrasyonu sonucunda-akill lojistik koy kavrami ortaya
ctkmugtir. Veri odakli ¢alisan bu merkezler, operasyonel verimliligi artirirken kaynak kullaniminin daha

etkin yonetilmesine olanak saglamalktadir.

Tiirkiye, Asya ve Avrupa arasindaki stratejik konumuyla lojistik faaliyetler agisindan onemli
avantajlara sahiptir. Giiglti” sanayi “altyapist, \liman baglantilart ve ulasim aglariyla éne ¢ikan
Kocaeli'nin lojistik kéy potansiyeli SWOT analizi ile degerlendivilmistir. Analiz sonucunda béolgenin
giiclii ve zawif yonleri ile firsative tehditleri ortaya konularak, Kocaeli'nin akilli lojistik sistemler

icerisindeki potansiyebrolii incelenmigtir.

Anahtar KelimelersUluslararas: Lojistik, Lojistik Koy, Akilli Lojistik Koy, Dijital Doniigiim, Kocaeli,
SWOT Analizi.

JEL Kodlari:
SMART LOGISTICS VILLAGE: SWOT ANALYSIS OF THE SMART LOGISTICS
VILLAGE PLANNED FOR KOCAELIi
ABSTRACT

This study the development of the logistics sector, emphasizing its historical progression,
contemporary strategic relevance, and the transformative power of digital technologies. The research

first addresses the reasons for the emergence of logistics villages, their development process, and their
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significance for logistics activities. Furthermore, it assesses the smart logistics village paradigm that

has evolved alongside modern technological breakthroughs.

With globalization, the expansion of production and trade networks has necessitated more
efficient management of the flow of goods and information. In this process, logistics has evolved beyond
transportation into an integrated structure. Logistics villages, which bring together different modes of

transportation, are important centers that enable more efficient management of freight moveiments.

With Industry 4.0, digitalization in the logistics sector has accelerated, and the integratiomof
technologies such as the Internet of Things, artificial intelligence, and big data has vesulted.in the
concept of smart logistics villages. These data-driven centers increase operational efficiency while

enabling more effective management of resource utilization.

Turkey, with its strategic location between Asia and Europe, possesses, sighificant advantages in
terms of logistics activities. Kocaeli, which stands out with its strong industrial infrastructure, port
connections, and transportation networks, has been evaluated for,its logistics Village potential through
a SWOT analysis. The analysis revealed the region's strengths and weaknesses, as well as opportunities

and threats, and examined Kocaeli's potential role within smart logisties, systems.

Keywords: International Logistics, Logistics Village, Smart Logistics Village, Digital Transformation,

Kocaeli, SWOT Analysis
JEL Codes:
1. GIRIS

Kiiresellesme siireciyle birlikte pazatpsimirlarinin ortadan kalkmasi, liretim, dagitim ve tiiketim
faaliyetlerinin ¢okdiluslu bir yapiya biiriinmesine yol agmistir. Firmalar arasindaki rekabetin kiiresel
Olcekte arttigl giinlimiiz4piyasa kosullarinda, ham madde tedarikinden nihai {riiniin tiiketiciye
ulastirilmasmakadar olanssiirecin hizli, glivenli ve diisiikk maliyetle yonetilmesi siirdiirtilebilirligin temel
sartidic, Bu ortamda lojistik siirecler, isletmeler agisindan rutin bir operasyon olmanin Stesine gegerek
dogrudan ‘pazar ‘giiciinii ve rekabet avantajim1 belirleyen stratejik bir unsur konumuna gelmistir.
Glintimiizde lojistik; yyalnizca tasimacilik faaliyetlerini degil depolamay1, stok yOnetimini, giimriik
siireclerini “ye ileri diizey bilgi akis mimarilerini iceren biitiinlesik bir sistemi ifade etmektedir.
Dolayisiyla tedarik zincirinin merkezinde yer alan lojistik verimlilik, modern kurumsal bagarmin en

somut gostergelerinden biridir.

Uluslararas1 ticaret hacmindeki artig ve maliyet baskilari, lojistik operasyonlarin dagimik yapilar
yerine entegre merkezlerde toplanmasini zorunlu kilmistir. Bu ihtiyacin bir sonucu olarak ortaya ¢ikan
lojistik kdyler; kara, deniz, demir ve havayolu tagimaciligini tek bir fiziki alanda bir araya getiren biiyiik
Olcekli ekosistemlerdir. Farkli tasima aglarinin entegre bir sekilde ¢alismasi, operasyonel siirecleri

disipline ederken maliyetleri diisiirmekte ve hizmet kalitesini artirmaktadir. Ticari faydalarinin yani sira
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bu merkezler, kurulduklar1 bdlgelerin makroekonomik yapisini da dogrudan etkilemektedir. Bolgesel
yatirimlar: tesvik eden, yerel ticareti canlandiran ve 6nemli bir istihdam alan1 yaratan lojistik koyler,

bolgesel kalkinmanin temel dinamikleri arasinda yer almaktadir.

Endiistri 4.0 siireciyle birlikte lojistik sektorii de kapsamli bir dijital doniisiim evresine girmistir.
Geleneksel operasyonel yonetim modelleri; biiylik veri, yapay zeka temelli ¢dziimler ve otonom
sistemlerin sektore entegre olmasiyla birlikte yapisal bir donilisiim siirecine girmistir. Busteknolojik
araclarin sektore entegre edilmesiyle birlikte, geleneksel lojistik merkez anlayis1 yerini "akilli 1ojistik
koy" yaklasimma birakmaya baslamistir. Veri odakli bir yapiyla isletilen bu yefii ‘nesil merkezler;
stireclerin anlik takibine, kaynaklarin minimum hatayla optimize edilmesine ve gelecege yomnelik
tahminleme yeteneklerinin gelistirilmesine imkan tanimaktadir. Ayrica akilli lojistik koyler; enerji
tasarrufu, karbon ayak izinin azaltilmasi ve operasyonel seffaflik gibiysiirdiiriilebilitlik hedeflerine

ulasmada 6nemli bir rol iistlenmektedir.

Kitalar birbirine baglayan jeostratejik konumuyla Tiiskiye, kiiresel ticaret koridorlarinin en kritik
diigiim noktalarindan birini olusturmaktadir. Ulke genelinde sanayifiiretiminin Ve ana ulagim hatlarmin
merkezinde yer alan Marmara Bolgesi ise lojistik hareketliliginfen yogun oldugu bolgedir. Bu bolge
icinde Kocaeli; gelismis liman kompleksleri, organize sanayi bolgeleri,demiryolu baglantilari ve otoyol
aglarinin kesisim noktasinda bulunmasi nedeniyle lojistik, yatirimlar i¢in oldukga elverisli bir yapiya

sahiptir.

Bu calisma, lojistik ve lojistik “kOy kavramlarini tarihsel gelisim siireciyle ele alarak,
dijitallesmenin sektorel dinamikler tizerindeki doniigtiiriicii etkisini incelemektedir. Bu kapsamda akilli
lojistik kdy yaklasimmindeorik temelleri analiz e¢dilmis ve bu doniisiimiin uygulama alani olarak Kocaeli
ornegi secilmistir. Calismaninuygulama asamasinda, Kocaeli’nde kurulmasi planlanan bir akill1 lojistik
kdy projesinin potamsiyeli, SWOT)analizi yontemiyle incelenmistir. Bolgenin giiglii yonleri, sahip
oldugu stratgjik firsatlar ve karsilasabilecegi potansiyel riskler bilimsel kriterlerle degerlendirilmistir.
Calisma sonucundajyKocaeli’nin gelecegin dijital ticaret aglarinda nasil Oncii bir aktdr haline

gelébilecegine yonelik stratejik bir yol haritasi sunulmasi amaglanmaktadir.

2V EITERATURITARAMASI

Dojistiksektorii, kiiresel ticaret hacminin artmasi, dijital teknolojilerin gelismesi ve tedarik
zineirlerinin karmagik hale gelmesiyle birlikte 6nemli bir doniisiim siirecine girmistir. Geleneksel
lojistik anlayiginin yerini; bilgi teknolojileri, otomasyon sistemleri, yapay zeka, biiyiik veri analitigi ve
nesnelerin interneti (IoT) gibi yenilik¢i uygulamalarin destekledigi akilli lojistik sistemleri almaktadir.
Bu doniigiim yalnizca isletmelerin operasyonel verimliligini artirmakla kalmamakta, ayn1 zamanda
iilkelerin uluslararasi rekabet giiciinii de dogrudan etkilemektedir. Bu nedenle son yillarda akilli lojistik
koyler, strdiiriilebilir tasimacilik ve dijital lojistik uygulamalar1 akademik ¢aligmalarda yogun olarak

ele alinan konular arasinda yer almaktadir.
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Literatiirde akill1 lojistik uygulamalarin ele alan ¢alismalarin 6nemli bir boliimii, dijital doniistim
teknolojilerinin lojistik siireclere sagladigi katkilar iizerine yogunlagmaktadir. Karli ve Tanyas (2020),
Kurt ve Akcaci (2024), Celik (2020), Atabey ve Dindar (2022) ile benzer nitelikteki arastirmalar; biiytik
veri analitigi, nesnelerin interneti, yapay zeka, siber-fiziksel sistemler ve otomasyon teknolojilerinin
lojistik operasyonlarin daha hizli, izlenebilir ve entegre bicimde yiiriitiilmesine katki sagladigini ortaya
koymaktadir. Bu c¢alismalar, dijital teknolojilerin yalmizca operasyonel maliyetleri azaltmakla
kalmadigini, ayn1 zamanda karar verme siireglerini destekleyerek miisteri memnuniyetini, hizmet
kalitesini ve kaynak kullamim etkinligini artirdigini gdstermektedir. Ozellikle Lojistik 4.0 yaklastmu
kapsaminda gelistirilen akilli sistemlerin, tedarik zinciri boyunca gergek zamanli veripaylagumini

miimkiin kilarak isletmelere dnemli rekabet avantajlar1 sundugu vurgulanmaktadie;

Lojistik kdy kavramini inceleyen ¢aligsmalar ise bu merkezlerin yalnizca depolamayve tagimacilik
faaliyetlerinin yiiriitildigii alanlar olmadigini, ayn1 zamanda farkli ulasum turlerini /biitiinlestiren,
lojistik hizmet saglayicilarimi tek merkezde toplayan ve tedarik zin€irinin, koordinasyonunu
kolaylastiran stratejik yapilar oldugunu ortaya koymaktadir. Dumalu (2022), Agdin ve Ogiit (2008),
Sahin ve Toramanli (2016) ile Elgiin ve Asikoglu (2046)itarafindan’gergeklestirilen arastirmalar, lojistik
kdylerin maliyetleri azaltma, zaman yonetimini iyilestirme; gevresel siirdiiriilebilirligi destekleme ve
uluslararasi ticarette rekabet giiciinii artirma agisindan)énemlitavantajlar sagladigini belirtmektedir.
Bununla birlikte Avrupa'daki lojistik kdylerin ¢cok modlu tasimaeilik entegrasyonu, planlama ve yonetim
acisindan daha gelismis oldugu; Tiirkiye'dekiflojistik kdylerin ise ozellikle altyapi, dijitallesme ve

entegrasyon konularinda gelisime ihtiya¢ duydugu ifade edilmektedir.

Kentsel lojistik vediirdiiriilebilirlojistik iizerine gerceklestirilen arastirmalar da akilli lojistik
kdylerin 6nemini destckleyemybulgular ortaya koymaktadir. Erturgut, Ustali ve Bolat (2018), yogun
niifuslu sehirlerde’ lojistik faaliyetlerin planli bi¢imde yonetilmesinin trafik yogunlugunu
azaltabilecegini, ¢evreselfetkileri sinirlayabilecegini ve dagitim siireglerinin etkinligini artirabilecegini

belirtmektedir.

Benzer sekilde surdiiriilebilir lojistik yaklasgimmi ele alan c¢aligmalar, yesil lojistik
uygulamalarmin enerji verimliligi, karbon emisyonlarmin azaltilmasi ve cevresel performansin
gelistirilmesi acismdan onemli katkilar sagladigim ortaya koymaktadir. Bu nedenle akilli lojistik
koylerin yalnizea ekonomik degil, cevresel ve sosyal siirdiiriilebilirlik hedefleri bakimindan da stratejik

yatirimlar oldugu degerlendirilmektedir.

Genel olarak literatiir incelendiginde; dijital donilisiim teknolojileri ile desteklenen akilli lojistik
kdylerin, lojistik siireglerin daha etkin yonetilmesine, maliyetlerin azaltilmasina, hizmet kalitesinin
artirlmasma ve TUlkelerin uluslararasi rekabet giiciiniin gelistirilmesine 6nemli katkilar sundugu
konusunda ortak bir goriis bulundugu goériilmektedir. Buna karsin Tiirkiye'de akilli lojistik koylerin

planlanmasi ve uygulanmasina yonelik bolgesel 6lgekli ¢caligmalari sinirli oldugu dikkat cekmektedir.
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Bu calisma, Kocaeli'nin sahip oldugu stratejik konum, gii¢lii sanayi altyapisi, liman kapasitesi ve ulasim
aglarmi SWOT analizi cercevesinde degerlendirerek literatiirdeki bu bosluga katki sunmay1

amagclamaktadir.

3. ARASTIRMANIN VERI KAYNAKLARI

Bu calismanin temel amaci, Kocaeli ilinde kurulmasit planlanan akilli lojistik koyiin
uygulanabilirligini SWOT analizi kapsaminda degerlendirmek ve bdlgenin lojistik potansiyelini ortaya
koymaktir. Arastirma alani olarak Kocaeli'nin secilmesinde; Tiirkiye'nin en dnemlizsanayi ve/lojistik
merkezlerinden biri olmasi, stratejik cografi konumu, gelismis ulagim altyapisi, yliksek disticarethacmi

ve ¢ok modlu tasimacilik imkanlarina sahip olmasi etkili olmustur.

Caligmada kullanilan veriler, nitel aragtirma yaklagimi dogrultusunda ikincil verikaynaklarindan
elde edilmistir. Bu kapsamda ulusal ve uluslararasi literatiirde yer alan akademik galismalar, kitaplar,
tezler, bilimsel makaleler, strateji belgeleri ve sektorel raporlar incelenmistir. Bunun yani sira,
Kocaeli'nin lojistik altyapisi, liman kapasitesi, organize sanayiybolgeleri, karayolu ve demiryolu
baglantilari ile ylik tagimaciligina iliskin giincel verilemilgili kamukurum vé kuruluslarinin yayimladigi

resmi istatistik ve raporlardan yararlanilarak degerlendirilmistir.

Arastirmada kullanilan veri seti; JKocaeli'nin “cegrafi \6zellikleri, ulasim altyapisi, liman
faaliyetleri, sanayi yapisi, lojistik merkezleri, dijital doniisum uygulamalar1 ve siirdiiriilebilir lojistik
gostergelerini kapsamaktadir. Eld¢ edileén, veriler SWOT “analizi ¢ergevesinde smiflandirilarak giiglii
yonler, zayif yonler, firsatlar ve tehditler basliklar: altunda degerlendirilmistir. Boylece Kocaeli'nin akilli
lojistik kdy kurulumu agiSindan sahipieldugu mevcut potansiyel ile gelistirilmesi gereken alanlar

biitiinciil bir bakis acisiyla analiz edilmistir.
Calismada kullanilan temel veri kaynaklar1 Tablo 1'de gosterilmektedir.

Tablo 1. Cahismada Kullanilan Veri Kaynaklar:

Veriiirii Igerigi
Kitaplar, tezler, ulusal ve uluslararasi bilimsel
Akademik Kaynaklar
makaleler
TUIK, T.C. Ulastirma ve Altyap1 Bakanligi, TCDD,
Resmi Kurum Verileri Sanayi ve Teknoloji Bakanligi, Kocaeli Biiyiiksehir
Belediyesi verileri
Liman kapasitesi, ylik tasimacilig1, organize sanayi
Lojistik Verileri
bolgeleri, ulagim altyapisi
) Kocaeli'nin cografi konumu, sanayi yapisi ve lojistik
Bolgesel Veriler
altyapisi
] ) SWOT analizi kapsaminda giiglii yonler, zayif
Analiz Cergevesi )
yonler, firsatlar ve tehditler
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Bu veri seti, Kocaeli'nin lojistik potansiyelinin degerlendirilmesi ve akilli lojistik kdy kurulmasina

yonelik stratejik onerilerin gelistirilmesi i¢in arastirmanin temel veri altyapisini olusturmaktadir.

4. YONTEM

Bu calismada, Kocaeli ilinde kurulmasi planlanan akilli lojistik koyiin SWOT analizi
cergevesinde degerlendirilmesi amaciyla nitel arastirma yontemi benimsenmistir. Arastirmanin temel
amaci, Kocaeli'nin mevcut lojistik potansiyelini ortaya koymak, bdlgenin akilli lojistik kOy yatirimi
acisindan giiclii ve zayif yonlerini belirlemek, ayrica gelecekte karsilasilabilecek firsat veytehditleri

stratejik bir bakis acistyla degerlendirmektir.

Arastirmada veri toplama yontemi olarak dokiiman analizi kullanilmistir. Bwykapsamda lojistik
koyler, akilli lojistik sistemleri, dijital doniisiim, siirdiiriilebilir lojistikgpbolgesel kalkima we lojistik
planlama konularinda yayimlanmis ulusal ve uluslararas1 bilimsel makaleler, lisansiistii tezler, kitaplar,
kongre bildirileri ve sektorel raporlar incelenmistir. Bunun yaninda Kocaeli'nin lojistik altyapisina
iliskin veriler; Tiirkiye Istatistik Kurumu (TUIK), T.C. Ulastisma ve Altyapr Bakanligi, TCDD
Tagimacilik A.S., Sanayi ve Teknoloji Bakanligi, Kocaeli, Buyiiksehir Belediyesi ile ilgili kamu kurum
ve kuruluslarinin yayimladigi giincel istatistikler, stratejiknplanlar ve faaliyet raporlarindan elde

edilmistir.

Arastirmanin temel analiz yontemi olarak SWOT (Strengths, Weaknesses, Opportunities,
Threats) analizi tercih edilmistir. SWOThanalizi, bir'bolgenin veya yatirim projesinin i¢ ve dis ¢evre
faktorlerini sistematik olarak degerlendirmeyeimkan saglayan stratejik bir analiz teknigidir. Bu yontem
sayesinde Kocaeli'nin lojistik altyapisi, cografi konumu, ulasim aglari, liman kapasitesi, organize sanayi
bolgeleri, lojistik merkezlersy, dijital donlsim potansiyeli ve siirdiiriilebilir lojistik uygulamalari

biitiinciil bir bakigfacisiyla analiz'eédilmistir.

Analigisiirecinde Oncelikle literatiir taramasi ve resmi kurum verileri dogrultusunda Kocaeli'nin
lojistik yapisi ayrmtili olarak incelenmistir. Daha sonra elde edilen bulgular karsilastirmali olarak
degérlendirilmis‘vede cevre faktorleri giiclii yonler ile zayif yonler, dis ¢evre faktorleri ise firsatlar ve
tehditler basliklari altinda siniflandirilmistir. Béylece Kocaeli'nin akilli lojistik kdy yatirimi agisindan

meveut durumu sistematik bir cercevede degerlendirilmistir.

Arastirma kapsaminda olusturulan SWOT matrisi, literatiirden elde edilen bulgular, resmi kurum
verilerigve Kocaeli'nin bolgesel lojistik gostergeleri esas alinarak arastirmaci tarafindan hazirlanmistir.
Bu yoniiyle ¢alisma, yalnizca mevcut lojistik altyapiy1 ortaya koymakla kalmayip, Kocaeli 6zelinde
akilli lojistik kdy planlamasina yonelik stratejik bir degerlendirme sunmasi bakimindan literatiire 6zgiin
katki saglamaktadir. Elde edilen bulgular dogrultusunda bdlgenin lojistik rekabet giiclinii artirmaya
yonelik Oneriler gelistirilmis ve gelecekte gerceklestirilecek lojistik yatirimlarina rehberlik edebilecek

stratejik ¢ikarimlara ulagilmustir.
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5. BULGULAR VE TARTISMA

5.1. Kocaeli'nin Lojistik Potansiyelinin Degerlendirilmesi

Kocaeli, sahip oldugu stratejik cografi konum, giiglii sanayi altyapist ve gelismis ulasim ag1
sayesinde Tiirkiye'nin en énemli lojistik merkezlerinden biri konumundadir. Marmara Bolgesi'nde yer
almas1 ve Avrupa ile Asya arasindaki ana ulasim koridorlar1 {izerinde bulunmasi, ilin_ulusal ve
uluslararasi yiik tasimaciligindaki onemini artirmaktadir. Ozellikle Istanbul'a yakinligi, gelismis liman
altyapis1 ve sanayi iiretim kapasitesi, Kocaeli'ni akilli lojistik kdy yatirimlar1 agismadan avantajli bic

bolge haline getirmektedir.

Kocaeli'nin lojistik potansiyelini belirleyen en énemli unsurlardan biri ulasim tiirletinin biyik
dlgiide bir arada bulunmasidir. Il; karayolu, demiryolu ve denizyolugtasimaeiligiin entegfe olarak
kullanilabildigi nadir bolgelerden biridir. TEM Otoyolu, D-100 Karayolu, Kuzey Marmara Otoyolu ve
Gebze-Orhangazi-Izmir Otoyolu gibi ana ulasim akslar1 bolgenin erisilebilifligini_artirirken, mevcut
demiryolu hatlar1 ile planlanan Yeni Kuzey Demiryolu Hattinmylojistik faaliyétlere 6nemli katkilar
saglamasi beklenmektedir. Ayrica Kosekdy LojistikiMerkezi'nin intermédal tasimacilik kapasitesi,

bolgenin lojistik rekabet giicilinii destekleyen énemliiunsurlararasinda yer almaktadir.

Denizyolu tasimaciligi agisindan degerlendirildiginde Kocaeli, Tiirkiye'nin en yogun liman
bolgelerinden biridir. Korfez ¢cevresinde faaliyet gosteren ticart limanlar, ithalat ve ihracat faaliyetlerinin
Oonemli bir boliimiinii kargilamakta ve sanayi@iretiminin kiiresel pazarlara ulastirilmasinda kritik rol
tistlenmektedir. Bununla birlikte, limanlar ile}demiryelu baglantilarinin istenilen diizeyde olmamasi ve
yiik tagimaciliginin biiyiikfol¢iide karayeluna bagimli olmasi, bdlgenin gelistirilmesi gereken yonleri

arasinda degerlendirilmektedin.

Kocaelinin sahip oldugu organize sanayi bolgeleri, iiretim tesisleri, teknoloji gelistirme alanlari
ve lojistik islétmeleri dejakilli lojistik koy kurulmasi agisindan 6nemli avantajlar saglamaktadir. Bolgede
yer alan sanayi Kiimelenmeleri yiiksek yiik {iretim potansiyeli olustururken, dijital doniisiim
uygtlamalarinin‘yayginlasimas: ve akilli lojistik teknolojilerine yonelik yatirimlar lojistik siireglerin
daha ‘verimlizyonetilmesine katki saglamaktadir. Ayrica Tiirkiye Ulastirma 2053 vizyonu, demiryolu
yatiimlaryyyesil lojistik uygulamalar ve dijital lojistik sistemlerine yonelik politikalar da Kocaeli'nin

gelecekte bolgesel bir lojistik iis olma potansiyelini giiglendirmektedir.

Amncak bolgenin sahip oldugu avantajlarin yaninda bazi yapisal sorunlar da bulunmaktadir.
Karayolu agirlikli yiikk tagimaciligi nedeniyle olusan trafik yogunlugu, liman gevresindeki ulasim
problemleri, demiryolu baglantilarindaki yetersizlikler, ¢evresel baskilar ve deprem riski lojistik
faaliyetlerin stirdiiriilebilirligi acisindan dikkat edilmesi gereken temel konular arasinda yer almaktadir.
Bu nedenle Kocaeli’'nde kurulmasi planlanan akilli lojistik koyiin yalnizca fiziksel bir lojistik merkez
olarak degil, ayn1 zamanda dijital teknolojiler, siirdiiriilebilir ulagim sistemleri ve ¢ok modlu tasimacilik

anlayisiyla desteklenen entegre bir lojistik ekosistemi olarak planlanmasi biiyiik nem tagimaktadir.
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Kocaelinin mevcut lojistik yapist, giiclii sanayi altyapisi ve stratejik konumu dikkate alindiginda,
akilli lojistik kdy projesinin bolgenin lojistik performansini artirabilecek énemli bir yatirim oldugu

degerlendirilmektedir.

5.2. Kocaeli Bolgesi Lojistik Potansiyelinin Swot Analizi

Ekte yer alan anket formu araciligryla ilgili kurum ve kisilerden elde edilen veriler dogrultusunda,
Kocaeli'nde kurulmasi planlanan lojistik serbest bolgenin giiclii yonleri, zayif yonleri, firsatlar1 ve

tehditleri belirlenmis ve SWOT analizi kapsaminda tablolastirilmistir.

Tablo 2. SWOT Analizi
KOCAELIN’DE KURULMASI DUSUNULEN LOJISTiK KOYUN SWOT ANALIZi iLE
DEGERLENDIRILMESI
GUCLU YONLER ZAYTF ¥ONLER

e Avrupa ve Asya arasindaki stratejik konumda |e Karayolu tagimaciligma yiiksek diizeyde
yer almasi bagumlilik

e istanbul, Bursa ve Sakarya gibi 6nemli |® _ Kentici trafikiyogunlugunun lojistik faaliyetleri
ekonomik merkezlere yakinligi olumsuzetkileyebilmest

e  Gelismis liman altyapisina sahip olmasi e ) Yiiksekiarazi yefyatirim maliyetleri

e Kara, deniz, demiryolu ve havayolu ulasim | ° Cevrescl baskilarin giderek artmasi

aglarmin bir arada bulunmasi )
e Liman ve ulasim altyapisinda zaman zaman

e Kuzey Marmara Otoyolu ve, TEM Oteyolu yasanan kapasite sorunlari

baglantil hip ol
aglantiiarina saip ougest o Farkli kurumlar arasindaki koordinasyon

o  Tiirkiye'nin en yilkéekokonteyner ve digsticaret eksiklikleri

hareketlerindembirine sahip olmasi - .
e Dijital lojistik uygulamalarinin yeterince yaygin

e  Giiclii sanayi ve tiretim altyapisinin varligi olmamast
e Depolama alanlarinin bazi1 bolgelerde yetersiz

e  Organizely, sanayl ybolgelerinin  yogunlugu kalabilmesi

SAYT*

o Sehirlesme baskisinin lojistik  yatirimlarii
e Kosekoy Lojistik Merkezi gibi mevcut lojistik simirlandirmasi

altyapi deneyimine sahip olmasi

e Artan isletme maliyetleri
o ), Yuksek dis ticaret hacmi

. e Intermodal tagimaciligin istenen diizeyde

e  Ulusal ve uluslararasi pazarlara kolay erigim gelismemis olmas

e Afet risklerine karst lojistik altyapmin tam
olarak hazirlikli olmamast

TEHDITLER FIRSATLAR
e Kiiresel ekonomik krizler ve ticaret | e  Akilli lojistik teknolojilerinin yayginlasmasi
daralmalar1
e Endiistri 4.0 uygulamalarinin  lojistik
e Jeopolitik riskler ve wuluslararas1 ticaret sektoriine entegrasyonu
gerilimleri

e E-ticaret hacmindeki hizli biiylime
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e  Rakip lojistik merkezlerin sayisinin artmasi

e  Tirkiye'nin uluslararasi ticaret
e  Enerji maliyetlerindeki yiikselis koridorlarindaki 6neminin artmasi
e  Cevre mevzuatlarinin maliyetleri artirmasi e Yeni Kuzey Demiryolu Hatt1 projeleri

e Enflasyon ve finansman maliyetlerinin | e Demiryolu tasimacilifina yonelik yatirimlarin
ylikselmesi artmast

e Dogal afet riski (6zellikle deprem riski) e Lojistik sektoriine yonelik devlet tesyikleri

e Iklim degisikligi kaynakli g¢evresel ve | e Tiirkiye Ulastirma 2053 vizyonu kapsaminda
operasyonel riskler lojistik yatirimlarin destekl¢nmest

e Kiiresel tedarik zincirlerinde yasanabilecek | e  Yesil lojistik ve siirdiiriilebilir tagtmacilik
aksakliklar uygulamalarinin geligmesi

e Liman ve ulagim altyapilarinda olusabilecek e Yabanci yatirimer ilgisinin‘astma potansiyeli
kapasite yetersizlikleri

e Yapilmast planlanan, Giiney™ Marmara

e  Teknolojik doniisiime uyum saglanamamast otoyelunun  bursa | | sanayisinin  giiclii
durumunda rekabet giiciiniin azalmasi entegrasyonuna katkisi

e Nitelikli  lojistik  personeli ~ temininde | £fe"UBolgeseld istihdanum artirilmasmna  katka
yasanabilecek zorluklar saglamasi

o Bilisim\ \vadisi ve ARGE merkezlerinin
bélgedebulunmasi

6. SONUC

Bu calismada, Koeaeli ilinde kurulmasi planlanan akilli lojistik kdytin uygulanabilirligi SWOT
analizi yontemiyle degerlendirilmistir. Arastirmada, Kocaeli'nin cografi konumu, gelismis sanayi
altyapisi, cok modlu, ulasim olanaklari, liman kapasitesi ve lojistik sektoriindeki stratejik rolii dikkate
alinarak bolgenin giiclii’ ve zayif yonleri ile gelecekte karsilagabilecegi firsatlar ve tehditler ortaya

konulmustur.

Arastirma bulgulari, Kocaeli'nin Tiirkiye'nin en 6nemli lojistik merkezlerinden biri oldugunu ve
akilli lojistik kéy yatirimi agisindan 6nemli avantajlara sahip bulundugunu gostermektedir. Boélgenin
Avrupa ile'Asya arasinda stratejik bir gecis noktasinda yer almasi, giiglii organize sanayi bolgelerine
sahip olmasi, gelismis liman altyapisi ve karayolu, demiryolu ile denizyolunun bir arada kullanilabildigi
cokhymodlu tasimacilik sistemi, akilli lojistik kOy uygulamalarinin basariyla hayata gegirilmesini

destekleyen temel unsurlar olarak 6ne ¢ikmaktadir.

Bununla birlikte, karayolu tasimaciligina olan yiiksek bagimlilik, trafik yogunlugu, liman
baglantilarindaki altyapi eksiklikleri, ¢cevresel siirdiiriilebilirlik sorunlar1 ve deprem riski gibi faktorler
bolgenin gelistirilmesi gereken yonleri arasinda yer almaktadir. Bu nedenle, akilli lojistik koy

planlamasinda yalmzca fiziksel altyapmmin degil, dijital teknolojilerin, intermodal tasimacilik
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uygulamalarinin, yesil lojistik politikalarinin ve akilli ulasim sistemlerinin de biitiinciil bir yaklagimla

ele alinmas1 6nem tasimaktadir.

SWOT analizi sonucunda belirlenen firsatlar dogrultusunda, Tiirkiye'nin lojistik politikalari,
Ulastirma 2053 Vizyonu, dijital doniisim uygulamalar1 ve siirdiiriilebilir lojistik yaklagimlari
Kocaeli'nin ulusal ve uluslararasi lojistik rekabet giiclinii artirabilecek onemli gelismeler olarak
degerlendirilmektedir. Bununla birlikte, kiiresel ekonomik dalgalanmalar, jeopolitik risklefpcevresel
diizenlemeler ve artan rekabet gibi tehditlerin de stratejik planlama siireclerinde dikkate alinmasi

gerekmektedir.

Sonug¢ olarak, Kocaeli'nin mevcut lojistik altyapisi ve sahip oldugu _stratejik | avantajlar
dogrultusunda akilli lojistik kdy kurulumu i¢in yiiksek potansiyele sahip oldugu degerlendirilimistir.
Bolgenin lojistik performansinin artirilmasi amaciyla demiryolu baglantilaiinin giiclendirilmesi, liman-
ulagim entegrasyonunun gelistirilmesi, dijital lojistik teknolojilerine yonelik \yatinmlamn artirilmasi ve
sirdiriilebilir  lojistik uygulamalarinin  yayginlastirilmasy ~ 6nerilmektedir.# Bu  dogrultuda
gerceklestirilecek yatirimlarin hem Kocaeli'nin hem de Tiirkiye'nin uluslararasi lojistik aglarindaki

rekabet giiciine 6nemli katkilar saglayacag: diisliniilmektedir.
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