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International Conference on Applied Economics and Finance (ICOAEF XVI) held on 9%-10%
June, 2026 in Blacksea Trade and Development Bank Thessaloniki-Greece. We are glad
ICOAEF-XVI gathered many successful academics and professionals around the World. 67
papers were submitted, and 58 papers presented during ICOAEF-XVI from 16 different
countries.

This conference provided as a well-fitted platform for discussions about the researches. This
conference full paper proceeding contains 17 papers presented both online and in person.
ICOAEF-XVI participants consisted of from 17 different countries, 16 Turkish universities.
Scientific board rejected 9 papers directly due to the inconvenience of conference topics, theme
and structure of ICOAEF-XVI. Scientific committee also requested some revisions to 13
different papers then these papers accepted and presented during the conference. All submissions
for ICOAEF-XVI scientifically reviewed and evaluated by scientific committee members.

We believe that ICOAEF-XVI 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 Albania (4), Azerbaijan
(1), Central African Republic (2), Cyprus (1), Denmark (1), Ethiopia (1), France (1), Greece (3),
Hungary (1), Indonesia (1), Italy (2), Kyrgyzstan (2), Lebanon (1), Malaysia (3), Romania (3),
Saudi Arabia (1), South Africa (1), Tiirkiye (26), United States (3). Finally, we would like to
thank Blacksea Trade and Development Bank, Aristotle University, Anatolia American
University, and our esteemed ICOAEF-XVI participants who shared their deep knowledge and
experience at [COAEF-XVI. We would like to be together in our following organizations.

On behalf of Conference Organization Committee

Prof. H. Murat ERTUGRUL
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DETERMINANTS OF CARBON INTENSITY IN TURKIYE: ENERGY INTENSITY AND
Asst. Prof. Dr. Aysegiil UCKUN OZKAN"

ABSTRACT

This study analyses the short-term and long-term effects of energy intensity and ca
on carbon intensity in Tiirkiye during the period 1965-2023 using an ARDL model. Car
a critical indicator in combating climate change and in the process of aligni

Union’s Carbon Border Adjustment Mechanism (CBAM), directly

decreased to the expected level. This finding [§ugg

upon as a sufficient mechanism for re car

ork of Joseph Fourier!, who first described the greenhouse effect, it was only in the mid-20th
that the issue became a global concern. Considered a precursor to climate policies and the

gfpt of sustainable development, “Limits to Growth®”, developed by the Club of Rome?, is one of
¢ most influential early works forming the socio-economic basis of climate change discussions. This
work also laid the foundation for the concept of “sustainable development” worldwide and formed the

basis for scenarios produced by the 1987 Brudtland Report (Our Common Future), the 1992 Rio

* KTO Karatay University, Department of Energy Management, Konya/ Tiirkiye, E-mail: aysegul.uckun@karatay.edu.tr.

! Fourier was the first to discover the greenhouse effect, demonstrating in his 1824 paper that gases in the atmosphere increase
the Earth's temperature (Lynch, 2019).

21t has been translated into Turkish as “The Limits to Economic Growth (Ekonomik Biiyiimenin Siirlar1)”.

3 The Club of Rome was founded in 1968 to examine the relationships between industry, economics, and the environment on
a global scale.



Summit, the United Nations Climate Convention (UNFCCC), and the 1988 Intergovernmental Panel on
Climate Change (IPCC). With the establishment of the IPCC in 1988, climate change began to be

discussed at the global policy level. This marks a turning point in climate change studies.

Over the last quarter century, global climate change has evolved from being me n

environmental problem to a key determinant of economic growth, trade, and intern@ti

competitiveness. This is because climate change alters transportation routes, infrastruct
and areas of specialization, weakening the trade position of some countries
competitiveness of others (Dellink, 2017). The rapid increase in industrial grég
emissions since the Industrial Revolution is causing global warming and cli

(CO») emissions accounted for 74% of total GHG emissions in 2024 (Ge,

Wang, 2022). Global studies have shown that every 1°
associated with a 5% decrease in regional economic gro

and Ali, 2022). Accordingly, under the Paris Ag

May 2023, is an en
implemented in Jan , following a transition period* between 2023-2025, this mechanism aims
ion process of EU industry. CBAM aims to encourage cleaner and more

duction in countries outside the EU by imposing a fair cost on emissions

important parameters to be reduced during the CBAM compliance process.

4No financial obligations arise during the transition period (Republic of Tiirkiye Ministry of Trade, 2025).

3 EU-Tiirkiye trade relations are based on the Association Agreement signed in 1963 and the Customs Union Agreement which
entered into force in 1995. With a trade volume of €210 billion as of 2024, Tiirkiye is the EU’s fifth largest trading partner in
total goods trade. As of 2024, 41% of Tiirkiye’s exports are to the EU, while 32.1% of its imports originate from the EU
(European Commission, 2025b).



One of the most important determinants of carbon intensity is energy intensity (energy
consumption per unit of GDP). Energy intensity can be reduced either through the use of less energy-
intensive equipment and technologies or by moving away from energy-intensive activities (Metcalf,
2008; Hajiyev, Guliyev, Abdullayeva and Abdullayeva, 2023). However, capital deepening (capital
stock per worker) is also theoretically predicted to be a determining factor in carbon intensity. Capital
deepening can reduce carbon intensity by facilitating the transition to cleaner and more e t
technologies, but it can also have the opposite effect if capital accumulation occurs through fossgl fj
based and low-efficiency technologies. This indicates that the environmental consequefices Gf ca

deepening can vary from country to country and depending on the policies implemgated.

In this context, the main objective of this study is to analyse the short- andy
energy intensity and capital deepening on carbon intensity in Tiirkiye durin

the ARDL approach. The ARDL model is preferred because it provides reliable

variables have different degrees of stationarity, and because it al r the inte ation of long-term
relationships by separating them from short-term dynamics. 2
2. LITERATURE REVIEW

examining the relationshi

Mirziyoyeva and Sal

A low carbon y value indicates that a country achieves greater economic output with less
carbon emiss significant progress in energy conservation and emission reduction (Zhou
and Zhoag, 20 ntext, energy intensity stands out as a significant driving force in reducing
car ing, Xia, Cao, He, Lim, Sukumar, Yi and Qian, 2021). However, the number of

studigs dircCty sing on the interaction between carbon intensity and energy intensity is quite limited
i and Chen, 2020; Tudor, Horobet, Mnohoghithei, Sova and Belascu, 2023; Zhou and Zhong,
Conversely, research investigating the impact of energy intensity on the mitigation of carbon
midsTons (Shahbaz, Solarin, Sbia and Bibi, 2015; Rahman, Sultana and Velayutham, 2022; Li, Zheng,
L1, Peng and Irfan, 2023) holds a more significant position in literature. Furthermore, the literature
includes studies investigating the correlation between energy intensity and economic performance or
growth (Diaz, Marrero, Puch and Rodriquez, 2019; Hajiyev, Guliyev, Abdullayeva and Abdullayeva,
2023; Kazemzadeh, Fuinhas, Shirazi, Koengkan and Silva, 2023; Sueyoshi and Goto, 2023), as well as


https://tureng.com/tr/turkce-ingilizce/literature%20review

those analyzing the relationship between energy prices and energy intensity (Metcalf, 2008; Aterido,
lootty and Melecky, 2025).

The interaction between energy intensity and carbon intensity discussed above is largely
determined by the structure and quality of capital used in production processes. In other words, a point

often neglected in the literature on energy and carbon intensity is the underlying capital-labor dynamics.

This is where the concept of capital deepening comes into play, i.e., the increase in the capital s

worker, which has the potential to directly affect both energy use efficiency and carbon inte

rowth, foreign direct investment (FDI), and technological development

Acemoglu and Guerrieri, 2008; Madsen, 2010; Ozay, 2015; Owyang and

n capital deepening and carbon emission performance; and Hao and Wang (2025) focus on the

Mationship between total factor carbon emission efficiency and capital deepening.

A review of the current academic literature reveals that studies specifically on this subject in
Tiirkiye are quite limited. Looking at research conducted in Tiirkiye in general, it is noteworthy that
researchers mostly focus on examining the interaction between carbon emissions, economic growth, and

energy consumption (Cetin, Kirci, Saygin and Alasahan, 2018; Gokmenoglu, 2021; Doganlar, Mike,



Kizilkaya and Karlilar, 2021; Adebayo, Agyekum, Kamel, Zawbaa and Altuntas, 2022; Yildiz, 2023;
Yiicel and Kaplan, 2025; Kara, 2026). These studies contribute to the evaluation of Tiirkiye within the
context of the environmental Kuznets curve hypothesis. Examining the limited number of studies on
energy intensity and carbon intensity, Can (2025) focuses on the distributional factors of carbon
emissions in Tiirkiye, particularly how household income and consumption patterns affect carbon
footprints, addressing this through carbon intensity and energy intensity; Rahman, Sulta d

Velayutham (2022) examines the relationship between carbon intensity, energy in

industrialization, renewable energy consumption, and urbanization; Akal (2016) investi

of per capita oil energy use, world energy prices, and per capita GDP on energy J

majority of these studies address energ

examining both indicators within the sdgge a

equality; while Bost3

channels on

ion'such as labor and capital. It is noteworthy that there are relatively many studies in Tiirkiye

@ining the relationship between TFP and energy and the environment. Simsek (2011) and iskender
aflid S6zen (2016) focused on the relationship between energy efficiency and TFP; Demirsoy and S6zen
(2025) examined the TFP of buildings in terms of energy efficiency. Tugcu (2013) evaluated the
relationship between energy consumption and TFP, while Tzeremes (2020) investigated the effect of

energy consumption and TFP on CO: emissions, and Mukhtarov (2024) investigated whether renewable



energy and TFP reduce CO: emissions. Altingz, Vasbieva and Kalugina (2021) analyzed the effects of

information and communication technologies and TFP on CO: emissions.

Accordingly, the aim of this study is to analyze the interactions and short- and long-term dynamics
between energy intensity and capital deepening, which are the main determinants of carbon intensity in

Tiirkiye, using the ARDL model; and to fill three main gaps in the existing literature: The limited

treatment of the carbon-energy intensity relationship in Tiirkiye, the lack of direct examinatiogf§o
relationship between carbon intensity and capital deepening, and the lack of systematic res

impact of capital deepening on carbon intensity specifically in Tirkiye.

3. MODEL, DATA SET, AND METHODOLOGY

3.1. Variables and Data Sources

This study uses annual data covering the period 1965-2023. The depe ariable, carbon

intensity (CI), is defined as the ratio of total CO- emissions to r@ iwe endent variables are
energy intensity (EI) (the ratio of total energy consumptigmmge, r Pand capital deepening (KL)
(the ratio of capital stock to total employment). While cart y energy intensity play a direct
determinant role in greenhouse gas emissions, their effects\Qm sions can be both concordant and

inverse (Tudor, Horobet, Mnohoghithei, So

an@ Belascy, 2023). Based on this comprehensive

relationship, this study, conducted specifi

Table 1. Variables Included in the Analysis

Variable Explanation Source
Carbon dioxide (CO:) emissions were obtained from Our
World in Data (OWID).
CarboWlintensity | CO,/GDP
Real GDP data at constant national prices was obtained
from FRED (Federal Reserve Bank of St. Louis).
] ) Total energy Energy consumption data was obtained from the BP
Energy intensity ) )
consumption/GDP | Energy Institute.
Total capital stock | Capital stock (K) at constant national prices was obtained
Capital
LNKL (K) / Number of | from FRED.
deepening -
employees (L) The number of employees (L) was obtained from FRED.

Figure 1 shows the changes in the variables included in the analysis over the years. Carbon

intensity is seen to have increased during the 1965-1975 period. The main reason for this increase is the



emphasis on investments in the production of iron and steel, petrochemicals, and other intermediate
goods within the framework of the mixed economic system prevalent in the 1960s. During this period,
manufacturing industry experienced average annual growth rates of 10%, while the general economy

experienced growth rates of up to 6% (Pamuk, 2017). In other words, the acceleration of industrialization

(BP, 2025). However, when evaluated generally, although a relative improve
post-2000 period, it cannot be said that Tiirkiye has been suc reducin

y th

ts carbon intensity.
evel agd has even continued to

il nal (2017) and Bastan Toke

Indeed, in the long term, carbon intensity has not fallen belg

5) observes that the environmental

cause TurKiye has not yet reached its peak, and

W e’evaluated in terms of energy intensity, it

continuously increascdig’energy intensity throughout its development process; in other words, more
energy has b it of GDP. This situation reveals the existence of an energy efficiency
problemi
in is indjgates that capital deepening has been successfully achieved in Tiirkiye. However,
of capital deepening, the fact that energy and carbon intensity have not decreased

Tiirkiye is achieving capital accumulation with low-efficiency and fossil fuel-based

2025). In light of this data, 85% of Tiirkiye’s energy supply consists of fossil fuels, which significantly

increases CO, emissions®.

6 As of 2024, Tiirkiye ranks 67th out of 138 countries in air pollution (IQAir, 2025).



Figure 1. Changes in the Variables Included in the Analysis over the Years
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3.2. Methodology J

In this study, the relationship betwe ens'ty,‘energy intensity and capital deepening in

d Smith (2001) was used. The advantage of the ARDL model is that it gives valid

en the variables are 1(0) or I(1) and is reliable in small samples. The log-linear ARDL

ation based on Eq. (1) is expressed as follows:
InCli=ao+ $7_, 1 InCly_ + X2 w;InEl,_; + 39 ;KL + &, )

Here, p and ¢ represent the optimal lag lengths chosen for the dependent variable (/nCI) and
independent variables (/nEI, InKL), respectively.

To determine whether there is a long-term equilibrium relationship between the series, the ARDL

bounds test approach developed by Pesaran, Shin and Smith (2001) is used. In this context, Eq.(2) is



reconstructed into an error correction model (ECM) form that allows examining both short-term

dynamics and long-term relationships simultaneously.

AlInClLi= o0+ Y=y B1AINCI_; + Yo BoAINEL_; + Y1 B3AINKLe_; + 61InCl_1 + 8,InEl,_4
+603InKL;_ 4 + & 3)
In this equation, A represents the first differences of the series, o is the slope coefficient,

B1, B2, B3 represent the short-term relationship between the variables, and 65, §,, 5 represent thg lo

term relationship between the variables.

an unrestricted error correction term (6ECM,

process to long-term equilibrium.

AlnCIt = (10 + Z?:l BlAlnCIt_l

equilibrium value. ient O for this term captures the adjustment mechanism that corrects this

deviation and stem to equilibrium. For the system to effectively return to its long-term

equilibrium, thg,coctfipi is expected to be negative and statistically significant.

Unit Root Tests

ne of the fundamental assumptions in time series analysis is that the variables used are

ary; therefore, stationarity tests are of critical importance. For the ARDL bounds test to be
applicable, the series must be stationary at the level (I(0)) or at the first difference (I(1)). However, if
the series becomes stationary at the second difference (I(2)), the ARDL bounds test cannot be used
(Pesaran, Shin and Smith, 2001). In this context, the ADF (Augmented Dickey-Fuller) and PP (Phillips-

Perron) stationarity tests were applied in this study; the series were examined both at the level and at



their first differences. The analysis results show that not all series are stationary at the level, but they

become stationary when their first differences are taken, and these findings are presented in Table 2.

Table 2. Unit Root Test Results

ADF unit root test

Constant Trend + Constant

LNCI -2.134 -0.915

LNEI -3.156 -0.737
LNKL -2.187 -2.913
ALNCI -7.516%** -9.063***
ALNEI -7.256%** -9.473%%*

ALNKL -5.441*** -5.6

PP unit root test

Constant Trend + Co
LNCI -2.132 7 7S
LNEI -3.226 2
LNKL -1.846 1
ALNCI -7.521%** -11.215%%%*
ALNEI -7.341%** -11.183%**
ALNKL -5.409*** * -5.607%%%*

Note: In the ADF and PP unit root test, the critical v el at the 1%, 5% and 10% statistical significance levels are -
3.548, -2.912, -2.594 respectively, while for the trend ey are -4.124, -3.489, -3.173. In their first differences, the values
are -3.550, -2.913, -2.594 for the constant model and -4.127, - 173 for the trend and constant models. Accordingly, each variable is

4.2. ARDL Bound

In the ARDL lftinds test mod@hexamining the effect of energy intensity and capital deepening

on carbon intensity @Kiye, the adjusted-R? value of the estimated model reached a high level of

In off@r words, energy intensity and capital deepening explain approximately 94%

tensity. Diagnostic tests of the model showed that, according to the Breusch-

-966). The ARCH LM test indicated that there was no conditional heteroskedasticity

e residuals (> = 10.184, p = 0.600). The Jarque-Bera normality test revealed that the

finding indicates that the established model is appropriate in terms of functional form (F = 0.945, p =
0.395).

The F statistics (F=10.276) obtained from the bounds test applied to examine the existence of a
long-term cointegration relationship between the variables exceeds the upper critical limit value (4.61)

at the 1% significance level determined by Pesaran, Shin and Smith (2001) for k=2. This finding

10



indicates the existence of a long-term cointegration relationship between carbon intensity, energy

intensity, and capital deepening; thus, it allows for the estimation of ARDL long-term coefficients.

Table 3. ARDL Results
Panel A: Bounds Test
F-statistics 10.276%**
Selected ARDL model ARDL(I 0, 0)
[ ‘ N
Critical values (k=2) of Pesaran, Shin and Smith Lower Limit I(0) Upper Limit I(1) ’
(2001)

%l 3.88
%5 3.23
%10 2.72

Panel B: Short-Term Coefficients

Variable Coefficient Std. error
Constant V 1.971
LNCl, 0.101
LNEI 0.107
LNKL A 0.010

Panel C: Long-Term Coefficients

Sabit w.912*** 1.265

LNEI 1.037%*** 0.085

LNKL 1 -0.116%** 0.024

Panel D: Error correction model (ECM)

ECT ‘ R A Y _0.418%#x 0.074

Panel E: Diagnostic Tests

0.949

0.946

333.880 (0.000)***
3.271(0.352)

0.578 (0.966)
4.681 (0.096)
10.184 (0.600)

Ramsey RESET 0.945 (0.395)

CUSUM / CUSUM? Stable/ Stable

Note: Values in parentheses indicate p-values. ***, **_ and * indicate significance levels of 1%, 5%, and 10%, respectively. k indicates the
number of independent variables.

In Table 3, Panel B provides short-term coefficients, while Panel C provides long-term

coefficients. Examining the short-term estimation results, it is observed that the short-term effect of
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energy intensity on carbon intensity is statistically significant and positive ($=0.433, p<0.001).
Accordingly, a 1% increase in energy intensity increases carbon intensity by approximately 0.43% in
the short term. The short-term coefficient for capital deepening, however, is negative and statistically
significant (B=—0.048, p<0.001). This finding indicates that capital accumulation plays a role in reducing

carbon intensity in the short term.

When the long-term estimation results are examined, it is seen that the effect of energy idfensit

by a coefficient of 0.811, and this value is below the lo

the effect of changes in energy intensity on carbon intensi to strengthen over time. The long-

term coefficient of capital deepening was fou negativetam@ statistically significant (f=—0.116,

p<0.001). This result indicates that capital ac on red@ees carbon intensity in the long run, and

ies. Such technologies improve environmental performance by

output. Indeed, the study by Guerini, Marin and Vona (2025)

this process. Cole and Elliott (2003) conceptualize this process using scale effect, technical effect,
pmposition effect. According to the scale effect, emissions increase as the economy grows.
erefore, capital deepening increases production, which alone has an emission-increasing effect.
According to the technical effect, as income increases, environmental regulations tighten and trigger the
transition to clean technologies. In other words, capital deepening, accompanied by the right policy
framework, facilitates the transition to clean technologies. The composition effect refers to the

specialization of countries according to their comparative advantages. In this context, two opposing

12



forces have been identified: The Capital-Labor Effect (KLE) leads capital-intensive countries to
specialize in polluting production, while the Environmental Regulation Effect (ERE) enables countries
with high environmental standards to specialize in clean production. In this framework, since pollution-
intensive sectors are also capital-intensive, capital deepening alone does not reduce carbon intensity. On
the contrary, for a reduction to occur, the technical effect (transition to clean technology) must be

stronger than the composition effect, and capital must be directed towards the right technologie

From Tiirkiye’s perspective, it is observed that in the period before 2015, the compositi

such as the Renewable Energy Resources Support Mechanism (YEKDEM) st
effect, directing capital towards clean technologies and thus ing the n

composition effect. 2

In Tiirkiye, the differentiated feed-in tariff incentiv 11 ovided under the YEKDEM

(2011 regulation with Law No. 6094), have significantly 38d renewable energy investments,

applications to YEKDEM increased from 234 in

on trges the effective role of incentive policies

on term (ECT) is negative and statistically significant (p=—0.418, p<0.001). This

existence of a long-term equilibrium relationship and indicates that imbalances
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Figure 2. CUSUM and CUSUMSQ

CUsum CUSUM of Squares
w —]
— CUSUM — CUSUM of Squares
— — 5% Significance — — 5% Significance -
-+ — o -
o _—_“’_____...
- [Ts]
Y- -H-_____"—-__
== o
=+ | o
(ID —
I I I I \ I I I I I I I
1970 1990 2010 1970 1990 2010

4

Note: The horizontal axis shows the observation period, and the vertical axis shows the cumulative value of thef@USUM and CUSUMSQ test
statistics. Dashed lines represent the critical limits at the 5% significance level.

To assess the structural stability of the model parameters, and C M of Squares tests

were applied. In both tests, the statistical values remained imits at the 5% significance

level throughout the sample period. These findings ind e el coefficients and variance

exhibit structural stability throughout the relevant period (Mhere is no structural break in the

model.

5. CONCLUSION

This study aims to analyse the short-#an

ng-term effects of energy intensity and capital

es. In the case of Tiirkiye, the long-term increase in energy consumption per unit of GDP shows

hese channels are not functioning sufficiently.

The empirical analysis further indicates that capital deepening exerts a statistically significant
negative effect on carbon intensity in both the short and long run. Specifically, a 1% increase in capital
deepening is associated with a 0.048% reduction in carbon intensity in the short term, with this effect

intensifying to 0.12% in the long term. Nevertheless, despite the persistent and substantial increase in
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Tiirkiye’s capital deepening over the period under examination, energy and carbon intensity have not
decreased to the expected level. This divergence suggests that capital deepening alone cannot be relied
upon as a sufficient mechanism for reducing carbon intensity; rather, the environmental outcome
critically depends on the technological direction of investment. Indeed, Tiirkiye’s energy profile (with
85% of its total energy supply consisting of fossil fuels as of 2024) and the fact that capital accumulation
throughout the 1965-2023 period has largely occurred through low-efficiency and fossil fue d

technologies explain this finding.

Findings carry significant implications for the design of future energy policies. Ca
when complemented by well-designed incentive mechanisms, can facilitate the tra

production technologies and thereby contribute to the reduction of carbon intensit rkiye

provides concrete evidence in this regard. Although the first YEKDEM, i
achieve the expected effectiveness, the 2011 revision, which introduced techinolo

dollar-denominated purchase guarantees, triggered a substantialgsWigge in inves

solar and wind power. The number of YEKDEM applications
2022, and with renewable sources projected to account f

becomes evident that capital accumulation can indeed be § ard clean technologies.

In conclusion, this study shows that en nsity remains the most important determinant of

Tiirkiye’s carbon intensity, and energy ef] ies hglld be central to decarbonization efforts.

Furthermore, capital deepening neither ces nor inevitably increases carbon intensity;

the environmental outcome of this process dgfendéentirely on the technologies to which investments

are directed. Properly desi incentive anisms can effectively direct capital accumulation

towards clean technologi , Turkiye’s post-2011 YEKDEM experience contains important

lessons for developi® countries reg@ding the integration of capital deepening with environmental

sustainability.
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The reform of the Court of Accounts in Tiirkiye was primarily shaped within the fr of the
new Court of Accounts Law No. 60835, adopted in 2010. The reform process repres (15§ om

aligned with international standards. Within the scope of international ization, the auditing

approach of the Court of Accounts was restructured in accordance with the prin

accountability, and performance-oriented auditing promoted
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(EUROSAI). With the adoption of performance and syste
beyond merely examining whether public expendi
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1. INTRODUCTION

The role of the democratic legitimacy function of auditing has become even more prominent in
the post-welfare state period, while the interaction between the Supreme Audit Institutions (SAls) and
parliaments has been constantly changing. Parliaments have also been involved in the processes of
legislative and political control and have played an active part in the rationalization of the bureaucratic
mechanisms. SAls are responsible for giving the public assurance that public resources are being
managed well, and also to publicize their audit findings. By doing so, they help to improve public
auditing's effectiveness and usability. After the Second World War, the Supreme Audit Institutions of
developed nations institutionalized and adopted the new methods of auditing. They also launched an
initiative to make other countries' SAs benefit from these developments. At the same time, an
international institutional framework was set up to promote coordination and foster institutional
connections between the Supreme Audit Institutions of all United Nations member states across the
world. The Turkish Court of Accounts model is a Continental European model because of its
institutional history and judicial powers, among the audit models applied globally. Law No. 6085 on the
Turkish Court of Accounts made the Turkish Court of Accounts more modern and closer to the
international auditing standards adopted by the International Organization of Supreme Audit Institutions

(INTOSALI), and extended its powers of auditing.

2. SUPREME AUDIT WORLDWIDE ( ‘ L 2

Access to neutral and trustworthﬁlformation isAVital for improving the efficiency of the
bureaucracy, for transparency and for involving the public in decision-making processes. Any policy or
programme based on principles of good governance can achieve its desired goals only if it builds trust
in the public. Fiscal transparency and accountability is also one of the basic control mechanisms of good

governance (Kose, 2007).

The procedures used to consider the reports issued by Supreme Audit Institutions also differ
depending on the institutional set up of each country. These reports can be examined at the national level
by Audit Committees, Finance Committees, Research Committees or Parliamentary Public Accounts
Committees. Thus, the way in which the results of the SAI reports are made public can differ depending
on the organizational structure and institutional model of the various Supreme Audit Institutions (Yalgin,

2017).

3. INTERNATIONAL STANDARDS: INTOSAI, THE LIMA DECLARATION, AND THE
EXICO DECLARATION
The International Organization of Supreme Audit Institutions (INTOSAI) was founded in 1953.
In 1984, INTOSAI started work on the standards for public-sector auditing through its Auditing
Standards Committee. INTOSAI Auditing Standards were first published from 1991 on, which is in line

with the latest advances in audit methodology and practice. The International Standards of Supreme
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Audit Institutions (ISSAIs) and the INTOSAI Guidelines for Good Governance (INTOSAI GOV) are
published today by INTOSAL

a. The Lima Declaration
The IX Congress of INTOSAI in Lima in 1977 established the Lima Declaration as a fundamental
document of public sector auditing which is considered to be the most important document in the
INTOSALI hierarchy of standards. The Declaration is not a legally binding document, but it hagfbeen a
very influential document in the evolution of global auditing standards (INTOSAI 2018).

from the entities they audit and protected from outside influence. According to
purpose of Public-sector auditing is to detect the “deviations from accepted , viplations of
the principles of legality, efficiency, effectiveness and economy in finan@ial m@hage as early as

possible to enable correction in individual cases, hold those responsibleto d@count, recover

compensation, or take steps to prevent the violations or make th difficult @Al Amini, 2021). In

addition, the Declaration is clear on the different kind of aydits gu?arity and performance —

The Congress has laid down guidelin fectivwre-audit, which is essential for proper

management of public money put at thé state. In the government department and
institutions, internal audit units are s i rnal audit bodies are not integrated into the

organization of the institutio

omy, efficiency and effectiveness of public administration. If SAls are not

dited entities and free from external influences, they cannot exercise their functions

The establishment of Supreme Audit Institutions and the degree of their independence should be
laid down in the Constitution. Good legal safeguards also ought to be put in place to prevent interference
or manipulation in the auditing and independence of the Supreme Audit Institutions. International
exchange of ideas and experiences in the context of the International Organization of Supreme Audit

Institutions is an effective way to assist SAls in carrying out their work. It is significant for this reason
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that uniform terminology for publicsector auditing based on comparative law is being developed.
Supreme Audit Institutions must report to parliament or other appropriate public institutions
independently every year. Such reports should also be available to the public. Moreover, with the
generous public funding allocated to public institutions for contracts and public works, the need exists

to audit their use of these funds (INTOSAI-P, 2019a).

b. The Mexico Declaration

In 2007, the Mexico Declaration on Supreme Audit Institution Independence was g@lop

principles highlighted in the Lima Declaration and presents eight core pri
of SAls, including having an appropriate and effective constitutional
principles can serve as a guide for countries to adapt and enhapce their SA ms, and ensure

alignment with international best practices. r'S

The Declaration states a series of principles agr adopt®d. An adequate legislative

structure for the independent functioning of the SAIs 1 . Appointments, re-appointment,

employment, removal and retirement of the he SAls and bers of collegial institutions should

of any acts committed in don to the normal performance of their duties in the past or present.
SAls shall h e power to a@it the use of public funds, resources and assets, whether legal or
otherwise, the collec revenues due to the state or public entities, the legality and regularity of the

accounts of t and p@klic entities, the economy, efficiency and effectiveness of the operations of

nd the quality of financial management and reporting of the state and public

udit the execution of a policy. To be able to effectively undertake their statutory
s need adequate access to and use of all documents and information, which is timely,
icted, direct and free. The results of the audit activities of SAIs should not be concealed.
flation should require them to report the results of their audits at least once a year. The content of
the SAIs' audit reports, as well as the manner in which their recommendations and observations are
presented, should be left at their discretion, subject to the opinion of the audited entities, where

appropriate.

SAls should report to the Legislature, or a committee or the governing body of the entity audited,

as appropriate, on their recommendations and follow up on those recommendations. SAIs must be

25



allocated adequate and adequate means in terms of human, material, and financial resources and
executive branch members should not be in control of or directing access to human, material, or financial
resources of the SAIL. The budget of SAls should be their responsibility and they should allocate their
resources accordingly. In addition, the Supreme Audit Institutions should be able to directly appeal to

the legislature (INTOSAI-P, 2019b).

c. United Nations

INTOSALI is a non-governmental organization (NGO) having special consultative

United Nations Economic and Social Council (ECOSOC). The United Nation

administration, to the realization of gt

international development goals.

The United Nationsg@so recognize TOSAI’s efforts to promote greater efficiency,

accountability, effective nsparency, as well as the efficient and effective collection and use
of public resources itizens. In addition, it invites Member States to implement the

principles establishe e 1977 Lima Declaration and in the 2007 Mexico Declaration in a way in

donal frameworks. The Resolution also reiterates the need for ongoing

SFORMATION OF THE TURKISH COURT OF ACCOUNTS AND ALIGNMENT
NTERNATIONAL PRINCIPLES

In this regard, the Law No. 5018, which was enacted in 2003, is one of the most important reforms
in the public financial management field in the domestic legal framework in line with the norms of the
public finance management system of the modern era in Tiirkiye. The principle of the Law is to make
sure that public administrations run in a lawful, efficient, economical and effective way, and to put in
place mechanisms of fiscal transparency and accountability. Based on this, the allocation and use of
public resources in accordance with the goals set by the sectors and the legal framework have turned

into a constitutional requirement (Kose, 2020).
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In parallel with this reform, a new Law on the Turkish Court of Accounts was adopted in 2010
(Law No. 6085), which changed the traditional organisation of the supreme auditing in Tirkiye. The
Law has been developed to make the public resources effective, efficient and economical; to make the
work of SAIls transparent and accountable; to harmonize the audit procedures, methods and techniques
of the SAIs of INTOSAI member countries. The reform was envisaged as the equal use of regularity
and performance audit methods, audit of all public funds, resources and activities, legal obligation of
auditing to create a culture of public accountability and transparency, and consequently to prevent
corruption, the use of auditing according to the internationally accepted auditing standards and

independence in operation and function (TBMM, 2010).

The degree of achievement of activities in performance audits is evaluated based on the criteria
and targets set by the public administration being audited. This is very different from the way
performance auditing is understood in the international standards covered in the previous section. While
performance audits under the Turkish Court of Accounts and internal performance measurements under
public administrations have similar overarching aims — such as the enhancement of institutional
performance and the facilitation of better management — it is important to highlight their differences in

professionals, approaches, institutional tools, legal boundaries and legal effects (Caylak, 2025).

After the reform in 2010, the scope of the audit mandate of the Turkish Court of Accounts has
been extended, the variety of the reports has been widened, the accountability in the audit has been
strengthened, and extensive reporting to the Grand National Assembly of Tiirkiye (TBMM) has been
established. The performance measurement framework, however, is much more limited than
performance auditing as per international standards, and is defined by the strategic planning,
performance programs and annual activity reports of public institutions. While developed countries have
gradually broadened the scope of performance auditing and increased the resources allocated to this
area, the scope of performance auditing in Tiirkiye has been narrowed, making it possible to argue that
ensuring accountability has consequently become more difficult. Prior to the 2010 reform, the Turkish
Court of Accounts (TCA) has often conducted performance audits on issues of public concern and
interest; after the reform, however, it has not produced any performance audit reports in accordance with
international performance audit standards. The Turkish Court of Accounts is a Supreme Audit Institution

with a proactive approach in terms of its international relations and global institutional cooperation.

The Turkish Court of Accounts is a member of INTOSAI since 1965 and it is also a member of
JURISAL, a group of Supreme Audit Institutions with jurisdictions. It is also active at the regional level
in EUROSALI (European Organization of Supreme Audit Institutions) and ASOSAI (Asian Organization
of Supreme Audit Institutions). It is also a founding Member State of the Economic Cooperation
Organization Supreme Audit Institutions (ECOSAI) and the Organization of Supreme Audit Institutions
of Turkic States (TURKSAI). In the past, the Turkish Court of Accounts has assumed considerable
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duties in these bodies, such as being a member of ASOSAI's Audit Committee and EUROSAI's
Governing Board. It has also been a member of the Governing Board of ECOSALI since 2016.

5. CONCLUSION

Supreme audit is the ultimate institution for accountability and transparency in public finance and
is essential to a democratic government under the rule of law. As examined in the frame of this study,
the Turkish Court of Accounts, has been involved in ensuring protection over public resources and
monitoring the legality of their use in Tiirkiye since its establishment in 1862 onwards, which is a long
track of its institutional history. The institutional change brought about by Law No. 6085, in particular,
has helped the Turkish Court of Accounts to ensure significant compliance with the independence and
impartiality principles in line with internationally recognized documents and declarations such as the

Lima and Mexico Declarations.

The integration of the Turkish public audit system with the international standards is enhanced
by the country's active involvement on international forums, including JURISAI under the leadership
of the Turkish Court of Accounts. The Turkish Court of Accounts' audit activities on behalf of the Grand
National Assembly of Tiirkiye in line with institutional independence strengthen the oversight of the
executive branch of government by the legislature. Effective monitoring and follow-up of the activities
of the reports prepared by the Turkish Court of Accounts, both by Parliament and the public, are key to
closing the circle of democratic accountability. In addition to serving as a reporting body, the Turkish
Court of Accounts also acts as a “Court of Accounts”, with the authority to establish financial
responsibility and to demand the recovery of public losses, making the implementation of audit results
easier. It not only ensures the independence of the auditors and other professional members of the
institution, but also helps increase the public officials' awareness of their financial obligations. Apart
from the compliance audit, the advent of performance audit has reframed the scope of public sector audit
to look for whether the public sector uses resources to achieve the desired public benefit and also to
check whether it meets the legal requirements for making expenditure. However, further development
of'this kind of auditing, based on full objective indicators but not taking into consideration administrative

expediency, is crucially important in guaranteeing the correct functioning of the audit process.
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Human capital remains significant in the economics literature as on€ of thg key,determinants of
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@@m s on@eonomic growth for the

expenditures, life expectancy at birth, and secondary school enrd

issues in resource distrib
more important than

dynamics.

Keywords:
Data Analysis,

DDUCTION

he view that a country's economic growth capacity is solely derived from the accumulation of

cal capital has been replaced in the second half by a much broader and more inclusive framework.
Especially with the establishment of endogenous growth theory by Lucas (1988) and Romer (1986) in
the late 1980s, human capital has been defined as a variable within the production function that

constitutes the fundamental source of productivity increases. Following this theoretical transformation,
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empirical research has systematically documented the relationships between education level, health

status, and the quality of the workforce with economic output.

The Asian continent holds a special place at the centre of this research agenda. Covering a
geography that is extremely heterogeneous in terms of both income level and institutional structure, Asia
offers a unique field of analysis to observe the impact of human capital investments on growth under
different conditions. In this geography, which simultaneously hosts high-income economies likgfJapan

and South Korea as well as underdeveloped countries like Nepal, Afghanistan, and Tim

clear that a single policy prescription cannot be applicable. However, some structu
repeating themselves across the continent: rapid population growth, insufficie
focus on quantity over quality in education funding, and regional inequalities in hed

are among the foremost.

is the year when the United Nations announced the Sustainable D) ment Goalg(SDGs) and brought
quality education and universal health coverage to the forg ale? | oJe): pO?le priorities thru these

By the end of this period, the share of both h education expenditures in GDP had changed in

*

most parts of the continent; however, the impac®of thifichangeon growth has not yet been systematically

mining factors. The main contribution of the Solow model is that it demonstrates, due to the

ishing marginal productivity of physical capital, that per capita growth in the long run can only be
sustained by external technological progress. This framework has been subject to serious criticism since

the mid-1980s because it leaves the question of where technology comes from unanswered.

Lucas (1988) and Romer (1986, 1990) aimed to fill this gap with the endogenous growth theory.
Lucas included the accumulation of human capital as an internal input in the production function and

argued that the average level of human capital in an economy creates externalities on individual
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productivity. Romer, on the other hand, has shown that the knowledge created by R&D activities can
foster long-term growth due to its non-rival and partially non-excludable nature. When these two models
are considered together, it is clear that investments in education and health have become the primary
source of productivity growth. Schultz (1961) was among the first economists to systematically analyse
how investments in knowledge and health for individuals increase productivity by distinguishing human
capital from the traditional concept of capital. Becker (1962), on the other hand, based this vi n
micro foundations and created the first comprehensive frameworks measuring the return r.
investments in education and health. It is now an accepted fact: the transformation of flumag@ ca
accumulation into a healthy and qualified workforce creates significant economic litieglat bath

the individual and societal levels.

2.1. Capital Accumulation, Population Growth, and Economic Growt

The positive impact of physical capital accumulation on economic growth orted by a wide

empirical literature covering different country groups and perid aah e@l. (2018) examined 18

Asian economies during the period 1990-2017 and reves 48d capital investments had a
ented in their study covering

, governance quality, and growth

and Economic Growth

examining the impact of education on growth does not present a homogeneous

e refdtionship between education expenditures and growth in the long term in their analysis of 23
alised countries. Kiran (2014) revealed a cointegration relationship between education
Wwestments and growth in his study examining 18 Latin American countries; Dahal (2016) documented
that higher education made significant contributions to both growth and employment in the context of
Nepal. However, studies that find a negative or insignificant relationship between public education
expenditures and growth are also not negligible. Benhabib and Spiegel (1994) reported a near-zero or
slightly negative relationship between education expenditures and growth in a multi-country panel

analysis; Devarajan et al. (1996) confirmed this finding. The inconsistency between the findings of these
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two groups is largely due to sample differences, model specification preferences, and whether or not the
quality of spending is taken into account: controlling only for the amount of spending may mean

ignoring the impact of learning outcomes and institutional quality.

2.3. Health and Economic Growth

Studies examining the contribution of health expenditures and health outcomes to ec

(2018) for E-7

Life expectancy at birth is frequently used in the growth literature as ai

relationship for South Asian countries, demonstrating ctationship between healthcare

expenditures and growth is mutually reinforcing.

3. METHOD AND DATA 4

del by Lucas (1988) and Romer (1986), using
6), Pokhrel and Khadka (2019), and Ndaombwa

This study is based on the endo owt
the framework employed by Hadif and Ars

(2023), and updates it with les specific t&the 2015-2025 period. The basic production function is

structured as follows:
Q=f(L,K,H) (1)

ur, K represents physical capital, and H represents human capital stock; it

is assumed that'th aghron function has increasing returns to scale. This function operationalises the

SYHit=f (GSSSit, Niif Art it, KEHit, DYBit, KEEit, OKOit) ()
odel, in its econometric form, is suitable for panel data estimation:
InGSYHit=B0+B1InGSSSit+p2Nu"f Artit+f3KEHit+pf4DYBit+B5SKEEit+B6OKOit+piteit (3)

In the equation, i represents the country index, t the time index; p; denotes the country-specific
unobserved fixed effect, and g; the error term. All the data used in the study were compiled from the
World Bank World Development Indicators (WDI, 2024) database. The definitions of the variables are
presented in Table 1.
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Table 1. Definition and Sources of Variables

Variable Description Source

InGDP GDP at constant 2015 USD prices, natural logarithm WDI (2024)

InGFCF || Gross Fixed Capital Formation at constant 2015 USD prices, natural logarithm

Pop_Growth Population growth rate (ages 15—-64, %)
PHE Public health expenditure as a percentage of GDP
LEB Life expectancy at birth (years)

PEE Public education expenditure as a percentage of GD)
GERSE Gross enrolment ratio in secondary education (%)

the period 2015-2025.

4. FINDINGS

Table 2 beloy#8ummasises the Main distributional characteristics of all variables for the 11-year

analysis period.

Table 2. Descriptive Statistics

Maximum | Minimum | Std. Dev. | Skewness | Kurtosis | Observations
29.48 21,03 2,04 —0.48 2,41 207,00
27.94 19.24 2,01 —-0.41 2,28 207,00

3,91 —0.62 0.78 0.42 4,74 207,00
9,47 0.41 1,88 2,11 8,14 207,00
85.14 64.88 5,41 0.31 1,94 207,00
7,84 1,52 1,31 0.74 2,91 207,00
136.84 31.48 18.87 —0.94 4,61 207,00

The InGDP variable exhibits a slightly left-skewed distribution, reflecting that the large economies in
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the sample are pulling the average upwards. Health expenditures (HE) stand out with a high kurtosis
value; this is due to the distribution tail caused by high-income countries such as Japan, Israel, and
Cyprus. During the period of the intense COVID-19 pandemic in 2020-2021, the share of health

expenditures in GDP significantly increased in many countries; this expanded the periodic variation of

the variable.

4.1. Panel Unit Root Tests

In the panel unit root analysis, the Levin, Lin, and Chu (LLC) test, which tests for

root process, and the Im, Pesaran, and Shin (IPS) test, which tests for an individua

stationary at level — that is, [(0) — confirming that a dynamic panel mod

Table 3. Panel Unit Root Test Results

Variable LLC t* IPS W-stat. Decision
InGDP — — 2‘.62*** 1(0)
InGFCF — — 84.17* 1(0)
Pop_Growth —10.24%** 3,14 228.94%** 1(0)
PHE — — 188.44%*%* 1(0)
LEB —7.28%%* 0.71* 122.17* 1(0)
PEE — — 111.34%%** 1(0)
GERSE — — 153.61%%** 94.28 1(0)

Note: *, ** and *** indicate statistical si
values.

7 and 1% levels, respectively. The values in parentheses are probability

4.2. Correlati nalysis

Table 4. Correlation Matrix

Variables P nGSSS | Pop_Growth HE FR EEE SER
1.000
993 1.000
PopgGrowth —0.134 —-0.121 1.000
H 0.244 0.241 -0.214 1.000
R 0.418 0.401 —0.238 0.631 1.000

EEE —0.261 —-0.239 0.181 0.328 0.118 1.000
SER 0.182 0.194 —0.224 0.421 0.658 0.204 1.000

The high positive correlation (0.993) between InGDP and InGSSS is consistent with expectations;
these two variables are theoretically mutually reinforcing. The strong positive correlation (0.658)
between DYB and OKO requires caution regarding the potential issue of multicollinearity; therefore,

the variance inflation factor test has also been applied.
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4.3. Diagnostic Tests Normality

The application of the Jarque-Bera normality test on the residuals shows that as the number of
observations increases, the residuals converge to a normal distribution according to the central limit
theorem. The test statistic is 5.72, and the p-value is 0.058, which is above the 5% significance threshold.
This result indicates that the null hypothesis of the residuals being normally distributed cannot be
rejected.

Multicollinearity. Variance inflation factor (VIF) values are presented in Table 5. The fa

3.0 for all variables indicates that there is no serious multicollinearity problem.

Table 5. Variance Inflation Factor Results

Variables VIF

FR 2,74

HE 1,97

SER 1,89
EEE 1,42 ¥ 0704
InGSSS 1,34 0.746

Pop_Growth
Mean VIF

The application of the White test pro
hypothesis of homoscedasticity is ref€cte

confirmed. Therefore, all regression estimate

4.4. Hausman Test odel Selection

The preferenc ween the f1

the Hausman (1978

effects and random effects models has been determined through
e test result was obtained as y¥*(6) = 63.84 and p = 0.0000. This finding

reveals that «

unobservable effects are correlated with the independent variables and
statistically nedgs se of a fixed effects model. Indeed, in a large country sample like 48, it is
ed that many characteristics that remain constant over time, such as geographical

i1al legacy, development level, and political economy, are related to the regressor

Table 6. Hausman Test Result

Fixed Effects Random Effects
Variables Difference S.E.
Coefficient Coefficient
InGSSS 0.241 0.778 —0.537 0.011
Pop_ Growth —0.046 —0.049 0.003 —
HE 0.058 0.041 0.017 —
FR 0.051 0.019 0.032 —
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EEE —0.041 —0.084 0.043 —
SER 0.005 0.001 0.004 —

No. ¥%(6) = 63.84; p = 0.0000. b = Consistent under Ho and H,; B = Inconsistent under H,, effective under Ho.

4.5. Regression Results

Table 7. Fixed Effects and Robust Fixed Effects Model Results (Dependent Variable: InGDE

Robust
Robust
Fixed Effects | Std. Fixed
Variables p-value Std.
Coefficient Error Effects
Coefficient

InGSSS 0.241 0.038 0.000 0.241
Pop_Growth —0.046 0.016 0.004 —0.046
HE 0.058 0.013 0.000 0.058
FR 0.051 0.011 0.000
EEE —0.041 0.013 0.001
SER 0.005 0.001 0.0 0.002 0.041
Constant 15914 0.944 0.000 1.441 0.000
Model Statistics
R (within) 0.6148
R? (between) ‘ 0.7714
R? (overall) 0.7521
Prob> F 0.0000
In the robust fixed del, the White correction for inter-group heteroskedasticity has been

ct
applied. The p-value e KEH is'Ygerpreted at the 10% significance level.

5. DISCUSSION

2022). The acceleration of infrastructure investments in countries like China, Vietnam, and
gladesh during the 2015-2025 period partially explains the structural dynamics underlying this
coefficient. On the other hand, the fact that a large portion of investments in some countries occurs thru
foreign direct investments rather than public institutions indicates that the coefficient should not be

interpreted homogeneously across countries.
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The negative and significant relationship between the population growth rate and growth (f =
—0.046) aligns with the neoclassical growth model's prediction of diminishing capital intensity. This
result can be explained by the fact that in a large portion of the low- and middle-income countries in the
sample, population growth erodes per capita capital accumulation. Zahan (2016)'s findings for
Bangladesh, Thornton (2001)'s findings for Latin America, and Yoga et al. (2024)'s findings for
Indonesia support this interpretation. During the 2020-2022 period, the temporary slowd in

population growth due to COVID-19-related deaths in some Southeast Asian and South Asian c
created a period-specific breakpoint in the analysis. The reflection of this structural’bredl i
coefficient estimates may have slightly altered the long-term impact of population tif on e@onorgic

growth.

Public health expenditures (PHE) have a positive coefficient (§ ) n percent

significance level in the robust model specification. Life expectancy (LE) is signi
level (f = 0.051) and consistently significant in both specificati
of Wang (2011), Piabuo and Tieguhong (2017), and Akinwale (

is finding

the short term once again highlights
h s st&] capacity and institutional quality. The

al. (1996), and Colombier (2009) detail the theoretically explainable

this negative relationship.

e not directly linked to learning outcomes; this weakens the channel between spending and
icy. Secondly, the process of translating increased education spending into labor productivity is
e-consuming one; an eleven-year analysis window may not be sufficient to capture this lagged
effect. Thirdly, looking solely at the amount of spending without holding the quality of education
systems constant makes it difficult to distinguish between well-designed and poorly designed education

policies.
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In contrast, the secondary school enrollment rate (OKO) has a positive and significant coefficient
(B = 0.005). Although the absolute magnitude of the coefficient is relatively small, its statistical
significance is strong. This finding indicates that, unlike education measured by the amount of spending,
the flow indicator reflecting the actual educational participation of the workforce is a more reliable
signal of growth. The mechanism emphasised by Weiss (1995) and Dahal (2016) is also valid here: the
increase in skilled labour accelerates the accumulation of knowledge and innovation, thereby fo g

growth.

6. CONCLUSION AND POLICY RECOMMENDATIONS

This study examined the impact of human capital components on econogi OWth USie an
unbalanced panel dataset of 48 Asian countries covering the period from 20 ed effects
model determined by the Hausman test was re-estimated with robust stan rs due 10 the issue of

heteroskedasticity in the residuals. The findings consistently reveal that gross fi

public health expenditures, life expectancy at birth, and second
boost growth; however, public education expenditures angdsp rowth have negative effects on

growth. These findings offer several important policy imf

outcomes at the prim secondary education levels finds stronger support in both the literature and

current findings.

caused by the COVID-19 pandemic in the middle of the period has concretely

ed the importance of investments in healthcare infrastructure on long-term growth capacity.

ome limitations of the study should also be clearly stated. Firstly, the structural break caused by

D-19 on some variables during the 2020-2021 period may have affected the coefficient estimates;
future research focusing on this issue could benefit from the application of structural break tests.
Secondly, the lag structure between education expenditure and growth cannot be fully captured by a
linear model; dynamic panel estimators will address this relationship in more detail. Thirdly, the
heterogeneity between geographical sub-regions — such as the differing dynamics of East Asia and

South Asia — can be illuminated through sub-sample analyses.
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IS THERE A CAUSAL RELATIONSHIP BETWEEN CDS PREMIUMS, EXCHANGE RATE
AND INFLATION IN THE TURKISH ECONOMY?

Prof. Dr. Suna KORKMAZ"

Prof. Dr. Oya KO

ABSTRACT

Credit default swap (CDS) is a key indicator of financial markets. Credit ri

as a measure of a country or institution's risk of bankruptcy. CDS val,

Turkish economy was analyzed using the Granger causality tes, lysis reWaled a bidirectional
causal relationship between the exchange rate and inglati
found from CDS premium to exchange rate. Overall, the resul ed have shown that exchange rate
pass-through is valid in the Turkish economy glheSudy reveals that CDS premiums play an indirect

and limited role through the financial tragsmisSion diann l,’ot directly affecting prices but primarily

influencing exchange rate.
Keywords: CDS Premiums, Excifange Rate, [ n, Granger Causality Test.

JEL Codes: C32, E31, F3

1. INTRODUCTI

pfault swaps (CDS) are financial derivative instruments that provide protection against

ment or corporate borrower. CDS premiums represent the cost of insuring

eased credit risk. In financial markets, CDS prices reflect investors' perception of risk vis-a-vis
borrowers. A country's CDS premium is affected by changes occurring both domestically and
internationally. While changes abroad include interest rate policies set by major central banks like the

FED, geopolitical tensions, and wars, changes domestically include the state of inflation, central bank
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reserves, the consistency of economic policies, and political stability. CDS premiums are generally
measured on 5 and 10-year bonds. A CDS premium between 0 and 100 basis points indicates low risk,
meaning a reliable economy or company. A risk perception between 100-200 basis points indicates a
moderate level, between 250-500 basis points indicates a high level, and above 500 basis points indicates

a very high level.

CDS premiums, a crucial financial indicator for both investors and countries, directl

borrowing costs, economic stability, and financial market fragility. If the CDS premiu

reduce confidence in the financial system, leading to a @fred

slowdown.

The CDS premium began to be measure

gcussion, and the fifth section conclusion.

2. LITERATURE REVIEW

Table 1 summarizes empirical studies examining the relationships between CDS, exchange rates

and inflation in Tiirkiye and other national economies. Studies in the literature reveal strong
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relationships between these variables. The direction and impact of these relationships vary depending

on the country sample, time period, and econometric methods used.

Table 1. Empirical Studies on CDS Premiums, Exchange Rates and Inflation

(Evidence from Tiirkiye and Other Countries)

Authors (Year) Country / Period | Variables Methodology Main Findings
EU members
Kebtowski (2011) (2001M1- CDS, ER Panel CDS—ER
2011M4)
Korkmaz and Bayir | Tirkiye (2008M1-
ER, INF Granger causality CPI R —P
(2015) 2014M11)
Karamelikli and | Tiirkiye (2003:1-
ER, INF NARDL ERN -
Korkmaz (2016) 2015:11)
Rashid, Ahmad and | Pakistan (2001M1- | CDS, ER, ARDL E CDS (+, SR),
Yasmin(2017) 2015M2) INF INFS®CDS (+, LR)

_‘

Fragile Five
Agci, Kayhan and

(2009M9- CDS, ER SReausali CDS—ER
Bayat (2018)
2017M1)
Tirkiye (2007M4- | CD
Isikl1 and Akin (2018) ER— CDS, INF
2017M1) I
Tiirkiye (January
Kahyaoglu (2019) 2013- October C integration (PCI) ER1— CDS?

Miinyas (2020) CDS, ER Granger causality CDS < ER

Giirel (2021) CDS, ER SVAR ERT—CDS?

Turna and ER, INF ARDL Tiirkiye: ER — INF (SR

(2021) & LR)

Ay Abdi@glu | BRICS-T &Fragile | CDS, ER, | Panel ER, INF-CDS(+)

3 ﬁ Five (2013Q4- | INF
2019Q3)
nel and Orhan | Fragile Five ER, INF ARDL Indonesia, South Africa:
3) (1990:M1- ER impact on INF (LR)

2020:M12)

Valogo, Duodu, Yusif | Ghana ER, INF TAR ER  depreciation —

and Baidoo (2023) (2002:M1- INF(+)
2018:12)
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Su, Ren and Al-Qasos | G7 and BRICS-5 | CDS, ER ARMA-cDCC- CDS—ER
(2024) (2017-2023) FIGARCH
Akbas, Donmez and | BRIC-T (1995Ql1- | ER, INF Panel ER—INF(-) (Except
Can (2024) 2022Q4) China)
Yerlikaya (2024) Tiirkiye (2010M1- | CDS, ER ARDL ER—CDS?
2022M3)
[ltas and Giizel (2024) | BRICS-T (2020:1- | CDS, ER Hacker and Hatemi- | ER, CDS LR
2024:6 daily) J bootstrap causality | CDS—ER ( jir
Muiioz, Galvez- | Latin America | CDS, ER TVP-VAR CD
Gamboa and Davila | (2009M1-
(2025) 2024M6)
Anachedo, Nwanna | Nigeria (1986- | ER, INF RLS EREINF(+
and Jeff-Anyeneh | 2023)
(2025)
Kasap (2025) Tiirkiye (2020M1- | CDS, ER L T ER—CDS?
2024M12)
Simanjuntak and | Indonesia (every | CDS, ER CDS—ER(+)(LR)
Fauzie (2026) month 2015-2023)

Note: ER: Exchange rate, CDS: CDS premiums, INF: Inflatio
causality, «>: Bidirectional causality, LR: Long run, SR#

increase.

3. DATA AND METHODOL

ducer pri€e index, CPl: Consumer price index,—: Unidirectional
e relationship, (—): Negative relationship, |: decrease, 1:

uctuations, exacerbated by the COVID-19 pandemic, have negatively impacted the

uring this period, CDS premiums became one of the leading indicators revealing
olicies that emerged in the Turkish economy after 2020 are important indicators of

conomic instability. Descriptions of the variables used in the analysis and their data sources are

Sented in Table 2.
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Table 2. Variables

Code Variable Description
CDS CDS: 5-Year USD-Denominated CDS Premium | Data obtained from Investing.com.

(TRGV5YUSAC=R)

CPI Consumer Price Index (2003=100) Data was obtained from the Central Bank
of the Republic of Tiirkiye (CBRT).
ER Exchange Rate Data (USD/TRY) Data was obtained from the CBRT.

Logarithmic transformation was not applied to the CDS series because it is already

(PP) unit root tests, are given in Table 3.

Table 3. ADF and PP Unit

Variables PP

t-statistic | p-value

Constant 0.448 -1.843 0.357

Trend- 0.187 -3.005 0.137
CDS Constant

Constant -5.797 0.000%* -19.822 0.000*

ACDS -5.747 0.000%* 21.271 0.000%*

-1.204 0.668 -1.242 0.652

LER -1.756 0.715 20.794 0.961

First difference -7.605 0.000* -23.935 0.000*

ALE First difference 7552 0.000% | 23757 | 0.000%

Level -0.252 0.925 0.188 0.970

I Trend- Level 2.109 0.531 2.259 0.450
Constant

Constant First difference -8.770 0.000%* -16.142 0.000%*

CPI Trend- First difference -8.750 0.000* | -18.697 | 0.000%
Constant

Notes:@indicates significance at 1% level. ADF lag length is selected based on SC. PP bandwidth is determined using Bartlett kernel.

According to the results of the unit root tests presented in Table 3, the CDS, ER, and CPI variables
are found to be non-stationary at their levels, while they become stationary after first differencing. Since
all variables are integrated of order one, I(1), they are deemed appropriate for VAR estimation in their

differenced forms.

The optimal lag length in the study is selected using several information criteria, including the

Likelihood Ratio (LR), Final Prediction Error (FPE) and Akaike Information Criterion (AIC), with the
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results indicating a lag order of 2. In addition, since the dataset is composed of monthly observations,
the VAR specification is also considered with a lag length of six in the constructed model. Test results

showing the VAR lag length are given in Table 4.

Table 4. Lag Length Test Results

Lag LR FPE AIC

0 NA 0.002 2.575
1 86.552 0.000 1.504
2 22.047* 0.000* 1.409*
3 14.093 0.000 1.431
4 5.538 0.001 1.593
5 8.358 0.001 1.697
6 11.461 0.001

(M
2
3)

Table 5, the Granger causality test results that show the relationship between CDS, ER and CPI

en.

48



Table S. Granger Causality Test Results

Direction of Causality F-Statistic Probability(p) Decision
ALER does not Granger cause ACDS 1.082 0.344 No
ACDS does not Granger cause ALER 3.499 0.035** Yes
ALCPI does not Granger cause ACDS 1.145 0.324 No
ACDS does not Granger cause ALCPI 0.154 0.856 No
ALCPI does not Granger cause ALER 4.833 0.011%** Yes
ALER does not Granger cause ALCPI 18.367 0.000* g

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

According to the causality results in Table 5, firstly a unidirectional relat

exchange rate has been found. The null hypothesis that CDS is not the ca

rejected at the 5% significance level. Secondly, a bidirectional causal relatiofiship Was found between the

USD/TRY exchange rate and inflation. The null hypothesis that inflatign is not th

~

e of the exchange

rate was rejected at the 5% significance level. The null hypothest exchhge rate is not the cause

of inflation was rejected at the 1% significance level.

4. DISCUSSION

The Granger causality test results indicafg thatf@@xchangp rate pass-through is valid in the Turkish

differ from the studies carried out by Rashid, Ahmad and Yasmin (2017), Isikl1 and
b3), Miinyas (2020), Aytekin and Abdioglu (2021), Giirel (2021), Akbas, Dénmez and Can
Yerlikaya (2024), Mufioz, Galvez-Gamboa and Dévila (2025), and Kasap (2025), while coming
ilar to the studies carried out by Kebtowski (2011), Korkmaz and Bayir (2015), Karamelikli and
orkmaz (2016), Agci, Kayhan and Bayat (2018), Turna and Ozcan (2021), Emikdnel and Orhan
(2023), Valogo, Duodu, Yusif and Baidoo (2023), iltas and Giizel (2024), Su, Ren and Al-Qasos (2024),
Anachedo, Nwanna and Jeff-Anyeneh (2025), and Simanjuntak and Fauzie (2026).
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5. CONCLUSION

This study analyzes the relationship between CDS premium, an indicator of financial risk for the
Turkish economy, exchange rate, and inflation using the Granger causality test. Monthly data for the
period 2020M1-2026M4 were used. The Granger causality test revealed a bidirectional relationship

between the exchange rate and inflation. A unidirectional causal relationship has been identified from

CDS premiums to exchange rates. There is no relationship between CDS premiums and inflatio

results demonstrate that exchange rate pass-through is valid in the Turkish economy. CDS

CDS premiums influence exchange rates and, through an indirect financial tran,

affect inflation.

a low risk
premium, it is primarily necessary to keep inflation under control. Price stability flu ensured in the
that the monetary
b g implementing a tight

ements have been increased

e stability. Structural reforms in

tect the country's economy from external shocks.

ous rﬁ systemic agricultural policy can reduce

methods.
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DO INSTITUTIONS UNLOCK GREEN ECONOMIC GROWTH? EVIDENCE FROM
GREEN INNOVATION, TRADE, AND ENERGY

Trinh Vu NGUYEN"

Andras BETHL

ABSTRACT

Green growth is becoming a strategic development direction in e&@omic

e the role

transformation process, especially in the context of the government incre
of technological innovation, sustainable trade, and energy transition to Farmoflize economic growth
and environmental protection. Stemming from this practical need
impact of green innovation, green trade, and clean energy pré Vigpnam's green economic
ffectiveness of these green
drivers. Utilizing annual data over the period 2002—203 {ferent reliable sources, this study

employs the fully modified ordinary least squa

ults show that the impacts of green drivers are not entirely uniform.

jon and cleaner energy production continue to have a significant positive

iermam, a developing economy with an urgent need for green transition. Our findings suggest that
am needs to continue encouraging green innovation and expanding cleaner energy while
improving institutional quality to enhance the effectiveness of green policy implementation. In
particular, green trade needs more prudent governance through clear environmental standards, better

monitoring capacity, and mechanisms for screening imported goods and technologies, ensuring that
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trade truly becomes a driver of green economic growth rather than creating additional environmental

pressure or undermining the effectiveness of the green transition.

Keywords: Green Innovation, Green Trade, Cleaner Energy Production, Cleaner Energy Consumption,

Green Economic Growth, Institutional Quality.

JEL Codes: O4, Q5, F18.

1. INTRODUCTION

£\

As countries try to deal with climate change, resource loss, energy insecurity, and the
environmental effects of traditional manufacturing, green economic growth has become one of the most
important parts of their development plans (OECD, 2011; World Bank, 2012). Green growth aims to
improve economic well-being while lowering emissions, protecting natural capital, and making better
use of resources (Stern, 2008). This is different from traditional development models, which encourage
more production. This problem is especially important for Vietnam because its economy has grown
thanks to fast development and greater integration into global markets. But these changes have also
made people use more energy and put more stress on the environment (Government of Vietnam, 2021;
World Bank, 2025). So, Vietnam's green shift needs a united effort to improve technology, encourage
businesses that are good for the environment, make clean energy, and ensure that institutions are better

run (OECD, 2017).

Green innovation, green trade, and green energy are three interrelated channels through which
this shift might occur (Porter & Linde, 1995; Wei et al., 2023). Green trade spreads better technologies
and more resource-efficient ways of making things by offering environmental goods, professional
support, and long-lasting production networks (Rennings, 2000; Copeland & Taylor, 2004). Green
energy makes these systems stronger by reducing our reliance on fossil fuels and giving the economy a
better base (Apergis & Payne, 2010). These benefits, however, are unlikely to occur automatically.
Because the quality of regulations, the efficiency of the government, the openness of policies, and the
trustworthiness of those policies all affect how well green resources are used and how regularly

environmental standards are met (North, 1990; Kaufmann et al., 2011).

Despite growing scholarly interest, three gaps remain evident in the literature. First, previous
studies frequently examine innovation, energy, trade, and institutions separately, providing limited
understanding of their joint contribution to green economic growth (Wei et al., 2023). Second, Vietnam-
specific research remains limited and generally focuses on emissions, conventional growth, or individual
green determinants rather than an integrated model of green economic performance. A recent
Vietnamese study investigated green innovation, renewable energy, industrialization, and institutional
quality, but did not incorporate green trade into the same empirical framework (Phuc, 2025). Third,

institutional quality is commonly included as a direct determinant or control variable rather than a
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conditioning factor capable of altering the effects of several green drivers (Acemoglu et al., 2005;

Kaufmann et al., 2011).

To address these gaps, this study examines the effects of green innovation, green trade, and clean
energy production on Vietnam’s green economic growth and evaluates how the estimated relationships
change when institutional quality is considered. Annual data for 2002—-2021 are obtained from OECD
Statistics, the U.S. Energy Information Administration, and the World Development Indicators database.
We use Fully Modified Ordinary Least Squares to estimate coefficients in cointegrated time-series
models while correcting for endogeneity and serial correlation. The baseline results show that green
economic growth is helped by green innovation, green trade, and clean energy production. On the other
hand, the institution-augmented model shows positive benefits for innovation and clean energy but a
substantial negative effect for green trade. The main findings are supported by the robustness results
that similar effects are seen when clean energy consumption is used instead of production. The study
adds value because it combines three green drivers into a framework that works for Vietnam, explains
the structural conditions that make these drivers create green growth, and gives a deeper knowledge of

green trade.

The study is outlined as follows: Section 2 presents the literature review. Section 3 delineates the
methodology for the study and the data. Section 4 delineates the empirical findings. Section 5 ultimately

addresses the conclusions and policy implications.

2. LITERATURE REVIEW ‘ ‘ V
P Y 4

Green economic growth is best viewed as the result of a systemic shift in which technology
advancement, trade integration, energy transition, and institutional governance reinforce or restrain one
another (OECD, 2011). Ecological modernization theory holds that economic growth and environmental
protection can go hand in hand if technological and structural changes make resources more productive
while reducing the environmental impact of production (Jénnicke, 2008). Endogenous growth theory
posits that new ideas and greater knowledge can lead to long-term gains in productivity. But institutional
economics explains why these gains are not the same in countries with similar technology possibilities
(Romer, 1990; North, 1990). All of these points of view show that green development isn't caused by a
single green input, but by economies' ability to originate, disperse, power, and manage cleaner

productive activity (Popp, 2002; Acemoglu et al., 2005).

This integrated mechanism starts with green innovation, which creates better technologies, makes
energy use more efficient, and cuts down on trash during production (Rennings, 2000; Popp, 2002).
According to the Porter hypothesis, credible environmental rules might encourage enterprises to rethink
goods and manufacturing processes, allowing innovation advantages to cover some of the cost of
environmental compliance (Porter and Linde, 1995; Jaffe et al., 2005). The benefits of innovation,

however, are restricted when innovations cannot extend beyond their initial producers or markets
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(Grossman & Krueger, 1995; Copeland & Taylor, 2004). Green trade overcomes this barrier by
exchanging environmental commodities, information, manufacturing equipment, and cleaner

technologies across borders, broadening the economic reach of green innovation (Antweiler et al., 2001).

However, the environmental value of innovation and trade is dependent on the energy system that
drives production and consumption (Apergis & Payne, 2010). Cleaner equipment may provide only a
few environmental advantages if power generation is still dominated by carbon-intensive fuels. But
renewable energy can multiply technical efficiency improvements by reducing the carbon content of
economic activity (Sadorsky, 2009; Zhao & Shah, 2024). Innovation may also lower the cost of]
renewable technologies, while trade allows countries to acquire the equipment and expertise required to
increase clean energy capacity (Popp, 2002). So, green trade, energy, and innovation all work together
as part of a single structural shift, rather than being separate forces that drive green growth (Wei et al.,

2023).

But research on trade and the environment shows that this balance can have different outcomes
depending on the size, make-up, and method used (Antweiler et al., 2001; Copeland & Taylor, 2004).
Trade may be good for the environment because it can lead to cleaner technologies and more specialized
industries. But if economic growth is faster than efficiency gains, it can also have a big effect on resource
use and emissions (Managi et al., 2009). Because of this, green trade is more likely to help green growth
when it supports low-carbon value chains and local technological progress rather than just selling more
goods (Copeland & Taylor, 2004). Wei et al. (2023) look at evidence from leading green economies that
green innovation, green trade, and renewable energy may all help improve the quality of the

environment, but the amount of each contribution varies from country to country.

If these complementarities are turned into green economic results, institutions play a role (North,
1990; Kaufmann et al., 2011). Strong institutions protect intellectual property, lower the risk of
investments, make sure environmental rules are followed, and run the infrastructure needed for green
business and clean energy (Acemoglu et al., 2005; Rodrik, 2007). They also make it less likely that
green trade will be used to sell old technology, fake environmental certifications, or businesses that
pollute a lot (Copeland & Taylor, 2004). Because of this, institutional quality should not be seen as a

separate indicator of green growth but rather as a factor that makes green growth possible and affects it.

There is evidence to support the integrated viewpoint, but the results depend on the level of
growth, the time frame, and the estimation method used (Teklie & Yagmur, 2024; Gan, 2025). Teklie
and Yagmur (2024) discovered that green innovation, clean energy, and good institutions are all good
for African countries in the long run. Short-term effects, on the other hand, are not as strong. Research
in developing countries shows that estimates for innovation, renewable energy, and institutions are
different for FMOLS, DOLS, and OLS specifications. This shows that the methods used are sensitive

to the context (Gan, 2021). In Vietnam, studies show that green innovation, renewable energy, and good
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institutions have positive long-term effects. However, green trade has not been properly included in the

same analysis framework (Phuc, 2025).

The remaining gap is how the three green drivers affect Vietnam's green economic growth and

whether institutional quality affects their efficacy. We forecast that green energy and green innovations

will help the green economy grow. However, green trade could have either good technological effects

or negative effects on scale and adjustment, based on the institutional conditions. The quality of

institutions is thus thought to affect both the number and direction of these relationships by impacting

the efficacy of regulation, technology absorption, and green resource allocation.

3. DATA AND METHODOLOGY

This section covers the methodological framework used to investigaf€ the\@at

3.1. Data Sources

v

is study.

Variable Notation

Dependent Variable

Data Source

References

reen eco ic growth = GDP + EE — NRP
NFD - CO;

owth (Annual %); EE is education WDI Sohag et al. (2019)
growth expenditure (% of GDP); NRP is fossil fuel
consumption (% of total); NFD is net forest
depletion (% of GNI); CO, is carbon
emissions (% of fuel)”
“Environmental-related technologies” OECD Wang et al. (2019)
Share of e),(’port of environmental goods to IMF Ahmed et al. (2022)
total export
Cleaner Ener “Share of electricity generated by renewable U.S. Energy
Production &y CEP [power plants in total electricity generated by Information | Sohag et al. (2019)
all types of plants” Administration
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Cleaner Energy CEC “Share of renewable energy in total final }Lirﬁzfgz Sohag et al. (2019)
Consumption energy consumption” .. . & ’
Administration
“Average estimate of six dimensions of
governance measures: voice and
Institutional accountability, political stability and absence
quality index Q1 of violence/terrorism, government WDI Cao etal. (2022)
effectiveness, regulatory quality, rule of law,
and control of corruption”

Control variables

Industrialization IND The percentage of industrial added value to

GDP (% of GDP)”
Foreign direct “Foreign direct investment, net inflows (% of
. FDI ”
investment GDP)

Source: Elaborated by the authors.

3.2. Model Specification

The main objective of this study is to determine the impa e 'nn&ation, green trade, and

gar conomic growth during the
9), Wang et al. (2019), Ahmed et
al. (2022), & Cao et al. (2022), the study expre functiond™orms of Equation (M1) and Equation
(M2): *

green energy, as influenced by institutional quality, on

period from 2002 to 2021. Based on the research of SohagWi

index, industrializati foreign direct investment.

uations (M1) and (M2) into their panel estimable form as specified in the
equatig dditidn, we use interaction variables between institutional quality and the variables:

een trade, cleaner energy production, and cleaner energy consumption to build

GEG:= Bo + BiGL: + B2GT, + B5CEP, + BIQI, + BsIND, + BeFDI, + & (1)

GEG. = fo + B1GL, + B2(GI¥IQI), + B5GT, + B+CEP, + B5IQI, + BeIND,+ -FDL + & (2)
GEG:= Bo+ B1GI, + B2GT: + B3(GT*IQI), + B4CEP; + BsIQIL + BIND, + B7FDI + & 3)
GEG: = Bo + BiGL + B2GT; + BsCEP; + B4(CEP*IQI), + BsIQL + BoIND, + B-FDL + & (4)

GEG. = Bo + B1Gl: + B2(GI*IQI), + B>GT: + Ba(GT*IQI), + BsCEP; + B(CEP*IQI), + B71QI, +
BSINDt+ ﬁgFDIt‘I‘ &t (5)
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GEG. = Bo + BiGI; + B2GT: + B3CEC: + BaIQI; + B5sIND, + B¢FDI, + & (6)
GEG:= Bo + f1Gl; + B2(GI*IQI): + B3GT: + B4CEC, + B5IQI; + B6IND:+ B7FDI; + &; (7)
GEG:= Bo + BiGl: + B2GT: + B3(GT*IQI): + B4sCEC: + B5sIQI; + BIND; + B7FDI; + &; (8)
GEG:= Bo + f1Gl; + B2GT: + B3CEC; + B4(CEC*IQI); + S51QI: + S6IND. + S7FDI; + & )

GEG:= Bo + B1Gl: + Bo(GI*IQI): + B3GT: + B(GT*IQI): + BsCEC: + Bo(CEC*IQI), + SAQL +

BsIND, + BoFDI, + & . @

It must be noted that 8's(1, 2, ... 9) and S0 represent unknown parameters to be estinatediand the
constant term. t represents the time trend. Also, the disturbance error term (g) 1 to a

normal distribution with zero mean and constant variance.

3.3. Methods

First, in this study, we utilize the unit root test and the coj agion test fowpanels to investigate

—

data stationarity and long-run variable relationships in the el. Next, we use the Fully
¥is a regression technique for

estimating parameters in linear regression models, especid dealing with non-stationary data,

serial correlation, and potential endogeneity. omes the limitations of Ordinary Least Squares

. 4

(OLS) in some circumstances, resulting igmo ate forecasts, especially for small sample sizes.

Finally, we use the robustness test to cQfifirmhe res models' robustness.

4. EMPIRICAL RESULTS

This section shows and analyzes the descriptive statistics, panel unit root, panel cointegration,

baseline testing, and robustness testing.

4.1. Descriptive Statistics

The descriptive statistics for the variables used in the sample are reported first (as shown in Table

2).
\ 4
Table 2. Descriptive Statistics
\Variables Obs Mean Std. dev. Min Max
GEG 20 -1.6111 0.0580 -1.7041 -1.5123
GI 20 0.1379 0.0572 0.0356 0.2524
GT 20 0.0281 0.0145 0.0074 0.0514
CEP 20 0.3862 0.0576 0.2947 0.5000
CEC 20 0.0835 0.0180 0.0545 0.1220
1QI 20 -0.4814 0.0898 -0.5974 -0.3371
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IND 20 0.3667 0.0191 0.3302 0.4020

FDI 20 0.0496 0.0166 0.0339 0.0966

Source: Elaborated by the authors.

Table 2 reveals green economic growth (GG)’s mean value is -1.6111, ranging from -1.7041 to -
1.5123. Green innovation (GI)’s mean value is 0.1379, with the minimum and maximum values of
0.0356 and 0.2524, respectively. Green trade (GT)’s mean value is 0.0281, ranging from 0.0074 to
0.0514. Cleaner energy production (CEP) has a mean value of 0.3862 with a minimum value of 0.2947
and a maximum value of 0.5000. Cleaner energy consumption (CEC)’s mean value is 0.0835, ranging
from 0.0545 to 0.1220. Institutional quality index (IQI) has a mean value of -0.4814 with a minimum
value of -0.5974 and a maximum value of -0.3371. Industrialization (IND)’s mean value is 0.3667 with
the minimum and maximum values of 0.3302 and 0.4020, respectively. Foreign direct investment

(FDI)’s mean value is 0.0496, ranging from 0.0339 to 0.0966.

4.2. Panel Unit Root

Table 3 displays the results of the Levin-Lin-Chu unit-root test, which is used to confirm data
stationarity. The null hypothesis of this test is "nonstationary series". Results show that GEG, CEP, and
FDI are stationary at the level of zero in both cases with and without trend. At the first difference, GI,
GT, CEC, IQL, and IND become stationary, as the null hypothesis of "non-stationary series" is rejected
at a 5% level (p-value < 0.05). This means that GI, GT, CEC, IQI, and IND are integrated into order 1.

Table 3.!evin u Unit-Root Test

Lev First-Difference
Variables Without tre ith trend | Without trend | With trend Order ofintegration
GEG 00278 0.0019 0.0200 1(0)
0.1388 0.0012 0.0142 I(1)
0.0070 0.0159 0.0435 I(1)
0.0076 0.0006 0.0050 1(0)
0.0001 0.0000 0.0001 I(1)
0.3369 0.0328 0.1233 I(1)
0.6424 0.0201 0.0062 I(1)
0.0165 0.0030 0.0123 1(0)

4.3. Panel Cointegration

Table 4 displays the results of the Pedroni cointegration test, which determines if variables have
a long-term relationship. The probability values of the Phillips—Perron test and the Augmented Dickey—
Fuller test are less than 0.05. In contrast, the probability values of the Modified Phillips—Perron test are

more than 0.05. Based on the majority of the results, the result shows that the null hypothesis of “no
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cointegration” is rejected at the level of 5%, showing the presence of a long-term link between variables

in all of the research models.

Table 4. Pedroni Panel Cointegration Test

Modified Phillips— - Augmented Dickey—
Models Perron test Phillips—Perron test Fuller test
Statistic 1.3640 -5.7152 -2.6137
Model 1
p-value 0.0863 0.0000 0.0045
Statistic 1.1675 -1.5335 A a
Model 2 \
p-value 0.1215 0.0626
Statistic 1.2903 -10.0818
Model 3
p-value 0.0985 0.0000
Statistic 1.0685
Model 4
p-value 0.1427
Statistic 0.7588
Model 5
p-value 0.2240
Statistic 1.2073
Model 6
p-value 0.1137
Statistic 1.1517
Model 7
p-value 0.1247
Statistic 1.
Model 8
p-value 0944
Statistic 1.4578
Model 9
p-value 0.0724
Statj 0.9057
Model 10
alue 71825

Source: Elaborated by the aut

|\

4.4. Baseline Test

The study uses FMOLS to investigate the impact of green innovation, green trade, and cleaner
energy production, as influenced by institutional quality, on Vietnam's green economic growth. The

FMOLS results are reported in Table 5.
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Table 5. Baseline Test

Variables a ?2) A3) “) Q)]
- 0.0246 2.3778%** -0.1052%** 0.0667 1.6257%**
(0.612) (0.000) (0.045) (0.222) (0.000)
4.6656%** 3.3674%**
GI x IQI
(0.000) (0.000
GT 3.3238%%** 4.0550%** -13.2872%** 3.2321%** -13.56
(0.000) (0.000) (0.000) (0.000)
-38.5914***
GT x IQI
(0.000)
CEP 0.3413%%* 0.2825%%%* 0.4382%%** 2.4790*
(0.000) (0.001) (0.000) .0
3.5251%**
CEP x 1QI
(0.000)
101 -0.4665%** -1.1475%** -1.11971%**
(0.000) (0.000) (0.000)
-0.5199*** 0.0229 1.5091***
IND
(0.001) (0.928) (0.145) (0.000)
DI 1.0781%** 0.9914* 0.7415%** 0.5964***
(0.000) (0.000) (0.000)
-1.9258%** 9130%** -2.8258%** -3.0019%**
Constant
(0.000) (0.000) (0.000) (0.000)
N 19 19 19 19
R? 0.4 0.6370 0.6040 0.7828

Source: Elaborated by the y
a

The FMOLS estimates identify a stable relationship between the selected green drivers and
Vietnam’s green economic growth during 2002—2021. In the baseline model, green innovation has a
positive and significant effect, indicating that cleaner technologies and environmental knowledge
improve resource productivity and reduce the ecological costs associated with economic expansion
(Porter & Linde, 1995; Popp, 2002). Green trade also has a positive coefficient, which supports the
argument that getting access to environmentally friendly goods, better inputs, and foreign technological
knowledge may help raise productivity in the home country (Antweiler et al., 2001). By reducing the
use of fossil fuels and making the output base lower in carbon, clean energy production also supports

green economic growth (Apergis & Payne, 2010).

Green innovation and clean energy production continue to have good and statistically significant
benefits when institutional quality is taken into account. Based on these results, it looks like
technological progress and the change to clean energy are two of the main factors behind Vietnam's

green growth. Existing study from Vietnam finds positive effects from green innovation, renewable
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energy, and governmental quality, even though the models used and the time period of the samples are

different (Phuc, 2025).

When institutional factors are considered, green trade, on the other hand, turns negative and
statistically significant. This means that its effect depends on the quality of government rather than trade
growth alone (North, 1990; Copeland and Taylor, 2004). This switch can happen when foreign
technologies are not good for local production, when green certification is not enough, or institutional
restrictions prevent trade-related resources from promoting local technical skills (Managi et al. 2009).
The finding should therefore be interpreted as evidence of an institutionally conditional trade effect

rather than a general rejection of environmentally oriented trade (Rodrik, 2008; Kaufmann et al., 2011).

4.5. Robustness Test

To test the robustness of the research models, we use cleaner energy consumption instead of

cleaner energy production to represent green energy. Results of the robustness test are presented in Table

6.
Table 6. Robustn J
Variables (6) %) | ) (10)
Gl 0.0128 1.9368*** -0.0672 0.0043 1.9614%**
(0.844) (0.001) (0.941) (0.000)
GIx 101 3.8051 4.0016%**
(®001) (0.000)
GT 2.3942%** 3.2158** -12.1710%** 2.2399%** -16.4500%***
(0.000 (0.000) (0.000) (0.000) (0.000)
GT x 101 -34.1859%** -45.9951%**
(0.000) (0.000)
1.8 o 1.4884*** 1.8075%** 1.9562* 5.2552%**
(0.000) (0.000) (0.073) (0.000)
0.0806 8.3515%**
(0.973) (0.000)
=0.5701*** -1.1160%*** 0.4203*** -0.5672%** -0.5188***
(0.000) (0.000) (0.000) (0.008) (0.000)
-0.2626 0.1548 0.9962*%** -0.2422 1.6236%**
(0.202) (0.483) (0.000) (0.215) (0.000)
DI 0.9519%*%** 0.9070%*** 0.7080%*** 0.9579%*** 0.5594#*x*
(0.000) (0.000) (0.000) (0.000) (0.000)
Constant -2.0553 % -2.481 3% -2.0365%** -2.0646%** SNAVA
(0.000) (0.000) (0.000) (0.000) (0.000)
N 19 19 19 19 19
R? 0.4931 0.5474 0.6382 0.5874 0.7243
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Source: Elaborated by the authors.

The robustness specification replaces clean energy production with clean energy consumption
and yields a substantively similar pattern. Green innovation and clean energy remain positive, whereas
green trade retains its negative effect after institutional factors are considered. These results identify
innovation and clean energy as robust drivers while highlighting institutional quality as a critical
condition for converting green trade into sustainable economic gains (North, 1990; Teklie & Yagmur,

2024).

5. CONCLUSIONS q J
P o N »

This study examined the effects of green innovation, green trade, and green energy on Vietnam’s
green economic growth while treating institutional quality as a condition shaping the effectiveness of
these drivers. The baseline results show that green innovation, green trade, and clean energy production
all help green economic growth. This means that technological progress, environmentally friendly trade,
and the energy change may all work together to speed up development. Green innovation and clean
energy are still good and important when you look at the quality of the institutions that support them.
The green trade, on the other hand, has a lot of bad effects. The robustness study that uses clean energy
usage comes to the same findings, showing that the main conclusions are not affected by a particular

energy metric.

These findings have several policy implications for Vietnam. Green innovation policy should put
an emphasis on environmental research and development, the creation of green patents, collaboration
between universities and businesses, and the use of cleaner production methods by businesses. Energy
strategy should update transmission facilities, make it easier for investors to get energy, and encourage
businesses and families to use low-carbon energy. It should also increase the capacity of renewable
energy sources. Green trade strategy shouldn't focus on increasing the amount of trade. Instead, it should
focus on environmental standards, screening technologies, accurate certification, and getting people in
the country involved in sustainable value chains. These attempts should be paired with changes to
institutions. Because clear rules, consistent policies, good management, and stopping corruption all play

a part in whether green resources are good in the long run.

The negative coefficient of green trade should not be interpreted as a recommendation for
restricting trade. Instead, it should be seen as proof that environmentally friendly trade needs better
regulation and more local ability to absorb it. Vietnam should thus tie trade deals and tax breaks for
investors to clear environmental standards, learn new technologies, and programs that help local
businesses grow their supply chains. With this kind of cooperation, green technology that is brought in
from other countries could help with national clean energy and innovation goals without causing

technical reliance or adding to the cost of adjusting to it.
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ABSTRACT

This paper aims to assess the impact of policies on rural and agri as yield,

statistics. The qualitative analysis was centred hat has been published on the topic

of public, agricultural and rural policies. clusigns dedyed from qualitative data were used to

interpret policy effectiveness.
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1.INTRODUCTIO

ansition reveals fundamental tensions between policy ambition and rural

ile agriculture contributes approximately 15.5% of GDP (INSTAT, 2025),

tur:

e regional average and comparable to developing economies (World Bank, 2025),

gtries that add a higher value added to the economy of a country typically emerge as the
develops, but this is something we have yet to see in the Albanian economy, given that
culture remains a large contributor to the GDP. The rural economy shows patterns of slow
development, despite being compared to countries in the region that share similar characteristics. From
a historical perspective, reforms in 1945 redistributed 50% of the arable land surface, then a centrally

planned economy, followed by a transition to a market economy in the 1990s (Barolli, 2005). Each
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period was characterized by rapid transfers of assets on a large scale, shaping contemporary institutional

and policy frameworks.

The total size of agricultural land was 699 thousand hectares in 1998, making up 24.3% of the
national landmass of Albania (INSTAT, 2025). In 2024, production of fruit trees grew by 262.3%,
production of arable land grew by 74.2%, and production of vegetables grew by 54.2% since 1998
(INSTAT, 2025). In the meantime, the total agricultural land available decreased by 0.7%, as an a§Solute
value from 1998 and 2024.

Agricultural exports grew by 27% since 2020 (53,287 million ALL in 2024), yet
sector still performs worse than regional peers, facing issues like fragmente
technological adoption, weak supply chain integration, and food safety r
limitations (INSTAT, 2025). These challenges intensify as climate change

global market volatility creates new risks for Albanian farmers.

The National Strategy for Agriculture, Rural Developme
represents the government’s most ambitious response, allg
seven years for income support, technological adoptio
Ministers, 2022). The strategy explicitly targete
Plan for European Integration (NPIE 2021

development), 12 (food safety, veterina

ough analytical frameworks; countries with similar characteristics, policy documents, statistical
evaluation, and survey methodology. Our research question aims to assess whether Albania’s policy

framework prepares rural communities for CAP integration and sustainable development.
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2.LITERATURE REVIEW

The evolution of Albania’s agricultural regulatory framework reflects a gradual alignment with
EU standards, yet questions remain about its implications for rural communities’ adaptive capacity. The
2002 plant variety protection law, while establishing intellectual property frameworks, granting breeders
patent rights within 30 days through MARD, with appeal mechanisms and penalty structures (50,000-
150,000 ALL in fines, doubling upon repetition, with 60% to state budget and 40% to patent h@lders

primarily addresses commercial breeding interests (Assembly of Albania, 2002).

An agriculture and rural development law came into effect in 2007, which estab
ministerial committee among CAP fund absorption institutions, introduced elg
farms, producers, land use, livestock, less developed areas (Parliament of

the first shift toward CAP compliance.

An effort to be compatible with EU phytosanitary regulatiop
law on plant propagation material (Assembly of Albania, 2011
2016, mandating comprehensive databases and their maintg

with penalties ranging from 10,000-500,000 ALL, licens

of Albania, 2016). These requirements may di ion@ fféct smallholder farmers who lack
digital literacy, similar to challenges faced ria b}‘armers during its pre-accession period
(Georgiev, Stoeva, Dirimanova, 2025) lgaria, compliance costs accelerated rural
depopulation.

Unresolved land disput d tenures ¢ 1cate rural development even further in the Albanian
economy. A legislation e to force in 2023 aims to address incomplete privatization of former

claimants, and ent ies, who may have missing documentation, unpaid contracts, absent

notarization.

y signals suggest awareness of these structural constraints. The 2024 guideline
agricultural support through direct subsidies calibrated to livestock units, cultivated area, and
ion typology, with progressively reduced marginal benefits for large-scale producers except
collective structures such as farmer groups or Agricultural Cooperative Societies (ACS),
explicitly promoting inclusive rural development within sustainable and organic transition paradigms
(MARD, 2024). Differentiated support mechanisms are a part of CAP Pillar II principals, among its
rural development approaches. In spite of this, a 2024 study identified significant disparity in
implementation, among which were included insufficiency in monitoring and related infrastructure,

overall institutional capacity, and climate action measures (Stojcheska et al., 2024). An initiative
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supported by FAO was established in 2024, with the objective of amending agricultural cooperative and
related legislation and addressing institutional inefficiency. This project titled “Support for the
amendment of the existing law on organizations of agricultural cooperation” reviews outdated legal and
institutional frameworks (FAO, 2024). It directly affects tax obligations, legal status clarification,
financial regulations, land use rights, subsidies, and trade. This institutional strengthening parallels
Romania’s pre-accession experience, where cooperative sector modernization proved criti r

effective CAP fund absorption and rural development outcomes (Tudor, Rosu, 2022).

3. DATA SET

This analysis examines internal and external factors influencing ag a ral

maching from 1998-2024 (INSTAT, 2025)

statudp mechanization growth averaged 2.8%

n.d.), highlighting 1 ure gaps that affect rural competitiveness. Land fragmentation remains a

structural coq

0 area between 2000 and 2024 represents significant infrastructure investment, though
tal land in 2024 (677.3 thousand ha) supported only 627.6 ha of organic production-0.09% of
gricMtural area (INSTAT, 2025).

inancial interventions, including 3.8 billion ALL in agricultural investments and the tax-free oil
scheme for farmers (20,000 beneficiaries in 2021), have supported rural livelihoods (Council of
Ministers, 2022). The average amount of employees in rural regions increased by 49% from 2010 to
2023, with women’s employment rising by 38% in this period. In the category of food, beverages, and
tobacco processing, employment grew by 54% (INSTAT, 2024). While this may suggest there are

opportunities for women in rural regions, a study found they face exclusion and insufficient support that
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only perpetuate inequalities, preventing women from achieving full participation in rural development
(Sulaj, Themelko, 2024). Export dynamics reflect rural producers’ market positioning challenges. While
exports increased 37% from 2020 to peak at 486,784 million ALL in 2022, they subsequently declined
23% by 2024 to 372,600 million ALL (INSTAT, 2025). In Albania, production values have been
consistently increasing, even as the size of agricultural land fluctuated or showed gradual decline. 2014
and 2024 area decreases did not compromise production or yield; 2024 achieved the highest yield ,
nearly double the 1998 value, despite 5.8% less cultivated area. This decoupling of productiog fi

land expansion represents a critical shift towards intensification, though yield volatility (l6Wwes

with production nadir in 1998) underscores vulnerability to external shocks affecting®ruralincome
stability.
Organic agriculture expansion, driven primarily by export deman di aromatic

plants and olives rather than domestic markets, demonstrates rural

international buyers. Financial constraints, inadequate marketing

g agricultural share declining and manufacturing and services increasing (Byerlee et al., 2008).

72



Figure 1. Agriculture, forestry, and fishing, value added (% of GDP) 1995-2024
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Figure 2. Agriculture, forestry, and fishing, value added (% of GDP)
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Mated agricultural production for 2024 reached 11,495,313 tons across fruit trees, field

egetables. Field crop yields exceeded fruit tree yields ninefold in 2024 compared to 1998,

To understand relationships between agricultural area, production, and yield, as these variables
are central to rural development policy evaluation, Pearson correlation coefficients were calculated
using annual changes rather than absolute values to capture temporal dynamics. With our approach, we
seek to evaluate policies based on their impact, which includes understanding whether annual recorded

changes in production are correlated to annual changes in yield, because this can help us gauge how
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successful agricultural modernization has been. If the correlation is stronger to changes in crop sizes or
agricultural land available, corresponding with that category of agricultural product or overall, it might
help us see if development has been extensive or intensive. A strong positive correlation between yield
and production can mean inputs, irrigation, the help of extension services, or better agricultural practices
led to higher production, while low or negative correlation, in this case, would show stagnant yields

alongside increases in production, which can indicate marginal land use or climate impacts.

4. METHODOLOGY

This study employs a mixed methods approach to assess how agricultural andtura¥devel®opment

of Lushnja has a concentrated farming population, allo

analysis.

ic d olicy awareness, perceived impacts on rural

as carried out through four weeks. The secondary

on. Our approach sought to differentiate between improvements in yield and effects
correlations between production and area changes reveal land use scaling patterns.
en yield and production changes indicate whether intensification or land enlargement
o productivity changes. A Pearson chi-square test of independence, Cramer’s V, and various

ere used to assess the relationships between variables from our survey.

5. CONCLUSION

This study examined Albanian farmers’ readiness for EU Common Agricultural Policy
integration through analysis of policy frameworks, production trends, and primary survey data from 200
farmers in Lushnja municipality. Albania’s policy frameworks reflect EU and CAP standards,

implementation remains disproportionately focused on structural competitiveness measures with
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minimal emphasis on direct income support, climate action, social equity, and rural development
funding, which are the dimensions CAP prioritizes. This misalignment between normative and
operational priorities, combined with favouring production investment over inclusive rural
transformation, positions Albania poorly for integration that requires environmental and administrative
compliance. Policies can address misalignment from three broad categories, which are land structure,
cooperative infrastructure, and institutional or administrative exclusion in rural areas. These iss n
turn CAP integration from a rural development opportunity into a mechanism that exaggerates

inequalities.

The fundamental question of our analysis is about whether CAP integratig

rural development in Albania or further agricultural marginalization. We believe t
current policy interventions that must address documented capacity gaps
services must be accessible to all rural residents, otherwise CAP benefits
individuals which already have an economy of scale. The d sector’

approximately half of rural employment (Council of Ministers, L

farmers clearly identify infrastructure, bureaucratic

ort as priorities. Farmers cannot benefit from infrastructure

ty in identifying independent and dependent factors, especially when the effect studied is on a
scale, and in cases where it is not feasible to solve the core problems due to costs and time

limitations.

Based on our survey findings rural development policies may be constrained by farmer age and
other factors such as receptiveness to innovation, which suggests that older farmers, who dominate

Albanian agriculture, may be systematically disadvantaged in competing with the EU. When we
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combine these variables with our analysis outcome that income did not increase with experience, we
can conclude the sector fails to retain experienced farmers (due to income stagnation) and fails to attract
young people (due to lack of prospects). This does not have to be an inevitable outcome of economic
growth and EU integration. These issues can be actively fixed through coordinated investment in
physical infrastructure and institutions in rural regions. The window for this intervention category is
closing and the opportunity for preparatory capacity building is declining, which increases the f

exclusionary patterns (i.e., subsidy access reinforcing rural inequality despite its inten!

policymaking to reduce income disparities). For Albanian rural communities, poli
farmers, the options are plain and obvious; investment in all dimensions that imp
directly or acceptance that the CAP will deepen divides between smallhold

corporations.

7. RECOMMENDATIONS

We propose a three-phase readiness framework, categoriz
and long-term needs regarding EU alignment. Within twg
be resolved, through extension service expansion ark

compliance, and digital systems. Within four

implemented with the objective of being fully ith th‘CAP and ready for their competitiveness

at the end of the four-year program. We ergpwho plan to keep working in the agricultural

e monitoring infrastructure that directly help Albanian agriculture to meet

oductivity standards. The analysis showing that increases in land used lead

farmer education pattern limits capacity for complex farm management, including

liance requirements. In order to benefit from programs, farmers need to be educated on

policies must support diversification of income, in order to promote stability, in accordance with CAP

objectives.

Our recommendation that improving rural infrastructure and public services must be the first step
taken by local government in order to stop the perpetual cycle and compounding effect of a neglected

region. Backed even by our survey findings, agricultural policy alone cannot reverse rural decline. CAP
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integration without parallel investment in rural amenities, services, and economic diversification risks
accelerating rural exodus by making agricultural income disparities more visible while offering no

pathway for non-competitive farmers.
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ABSTRACT

Recent years have witnessed a marked reorientation in German industrial policy, dr.

successive shocks and broader global shifts, particularly geoeconomic fragmentation a

international competition. These developments have exposed vulnerabilities in the

ithin the broader framework of European industrial policy, which shapes

ailable policy space. The analysis concludes that this reconfiguration of

German Industrial Policy, Systemic Competition, Economic Security, Industrial
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1. INTRODUCTION

For decades, the strength of the German economy has been associated with the existence of an
extensive, diversified, and deeply integrated industrial base, in which large, internationally active
corporations have coexisted with a dense network of small and medium-sized enterprises (Mittelstand).

Many of the latter hold world-leading positions in specialised technological niches or opg

specialised suppliers within the value chains of flagship industries, such as the auto

t, Mas precisely this deep

an competitive advantage,

the operating condig

while energy
industg on access to competitively priced energy (Boston Consulting Group [BCG], The

nstitute [IW!'] and The Federation of German Industries [BDI?], 2024). In the case

rd, 2022; Federal Ministry for Economic Affairs and Climate Action, 2023).

However, interpreting the difficulties of German industry exclusively through the lens of the
energy shock would lead to an incomplete diagnosis. Recent developments point to deeper
vulnerabilities linked to deteriorating competitiveness, insufficient infrastructure investment, the slow

pace of administrative digitalisation, regulatory rigidities, skill shortages, and the transformation of trade

' The acronym stands for Institut der deutschen Wirtschaft (often designated as IW Koln).
2 The acronym stands for its original German title Bundesverband der Deutschen Industrie, the umbrella organisation
representing federal industry and industry-related service providers.
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relations with China. Excessively complex administrative procedures continue to pose a barrier to
investment and structural economic transformation (Bundesverband der Deutschen Industrie e.V. [BDI],
2024), while public investment remains below the European Union average, and accumulated
investment backlogs in municipal infrastructure have reached considerable proportions (KfW Research,
2025). Concurrently, the economic relationship with China has fundamentally changed. While for
several decades China functioned as a commercial and investment partner complementary to the n
export model, its technological ascent and the transformation of Chinese companies int
competitors of Western producers have prompted German industry to reassess the natyfc orfhila’
relations and the necessity of a strategy capable of balancing open markets wi e protegtion Of

domestic industrial capabilities (BDI, 2019).

These pressures are not evenly distributed across Germany’s produgtive 1

ed nature of sectoral developments

Gen‘n segments compared to the aggregate

ferentiated process of erosion, restructuring and adaptation of productive

t vary considerably across sectors and categories of firms.

and vulnerabilities revealed by supply chain disruptions have brought industrial policy back to the centre
of economic strategies. In this sense, the “return” of the strategic state refers not to the reappearance of
state involvement as such, but to the renewed explicitness and strategic orientation of intervention.
Recent literature interprets this evolution not as a mere restoration of traditional interventionism, but as

the emergence of a form of industrial policy in which economic objectives intersect with climate,
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technological, and geopolitical imperatives (Tagliapietra and Veugelers, 2023; Altenburg, 2024). In
Germany's case, this shift is visible in the transition from a predominance of instruments aimed at
improving the general framework conditions towards a more selective mix of tools targeted at
diversifying supply sources and export markets, securing critical inputs, accelerating the energy
transition, modernising infrastructure, and fostering technologies deemed strategic. Industrial policy is
thus becoming increasingly and more explicitly tied to objectives of economic security, resilien; d

technological autonomy, without this shift implying the abandonment of the competitive ordefgor,

substitution of market mechanisms with a dirigiste model.

In this context, the present paper examines the relationship between the erogd

strategic adaptation rman state to an international economic environment in which competition
between pro ive, teC@mological and institutional models is increasingly taking on a systemic

character.

of industrial policy has become one of the most significant shifts in contemporary
overnance. After several decades in which selective intervention was frequently viewed with
ism and horizontal policies aimed at improving general framework conditions were largely
ired, successive crises and structural transformations have altered both the scope and the
justification of state involvement. Earlier criticism centred on information asymmetries, government
failure and the risks associated with “picking winners”, whereas more recent approaches increasingly
conceptualise industrial policy as a process of coordinating investment, learning and structural
transformation (Rodrik, 2004; Juhasz, Lane and Rodrik, 2024). The shift has been reinforced by

objectives that conventional efficiency-based frameworks address only incompletely, including
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decarbonisation, technological upgrading, resilient supply chains and the preservation of strategic
productive capabilities. In Europe, these concerns have increasingly converged in a new green and
strategic industrial-policy agenda combining horizontal improvements in framework conditions with
targeted support for technologies and capacities regarded as critical for net-zero transformation and
resilience (Tagliapietra and Veugelers, 2023). Altenburg (2024) similarly argues that the contemporary
debate has moved beyond the conventional opposition between unfettered markets and top-do e

allocation towards more pragmatic forms of public-private coordination around technologi

productive transformation.

Germany represents a particularly revealing case because the contempq

ne. The emerging pattern is therefore better understood as a recalibration

of the state- hip: horizontal framework policies remain important but are increasingly

rand of literature concerns the changing meaning of economic interdependence.
export-oriented model benefited extensively from open markets, internationally fragmented
hains and strong external demand, yet geopolitical rivalry has made the concentration,
utability and strategic relevance of external dependencies increasingly salient. The BDI’s
characterisation of China as both “partner” and “systemic competitor” already captured this tension in
2019, reflecting growing concern that a relationship previously driven largely by economic
complementarity was evolving towards direct technological and industrial competition (BDI, 2019). The
energy rupture following the Russian Federation’s aggression against Ukraine further reinforced

concerns over concentrated dependencies and accelerated efforts to diversify energy supplies and reduce
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exposure to strategically sensitive inputs (Von Der Burchard, 2022; Federal Ministry for Economic
Affairs and Climate Action, 2023). Industrial policy has consequently become increasingly intertwined
with economic-security considerations, without this implying autarky or indiscriminate protectionism.
Rather, the emerging approach extends the criteria by which productive capacities are evaluated,
incorporating resilience, security of supply and technological autonomy alongside conventional

considerations of efficiency and competitiveness.

Veugelers (2023) similarly emphasise the need to combine tal meas strengthening the
attractiveness and functioning of the Single Market with targe foffelean technologies and
productive capabilities. Germany’s industrial-policy reog g must therefore be understood within
a multilevel governance structure in which national intervig either autonomous from European

hrough 3 olving interaction between domestic

combined lenses o etitiveness, resilience, technological autonomy and economic security.
ed on the one hand, the revival of industrial policy and the evolution of its
1, the deterioration of Germany’s industrial competitiveness associated with
stment weaknesses, technological pressures and external dependencies. The
n these two processes remains less systematically articulated. The present article
is gap by examining whether sectorally differentiated pressures on German industry have
ted to a durable reconfiguration of the rationale, objectives and selectivity of state intervention,

than merely generating temporary crisis-management measures.

3. METHODOLOGY

The analysis combines a structured documentary examination of industrial policy with a
descriptive-comparative assessment of secondary statistical indicators, within a predominantly
qualitative research design. The methodological framework addresses two complementary dimensions:

first, the nature and intensity of the pressures affecting Germany’s industrial base and second, the extent
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to which these pressures have been accompanied by changes in the rationale, objectives and selectivity
of public intervention. The statistical component therefore serves a diagnostic and contextual function

and does not seek to identify causal relationships through econometric techniques.

The documentary component is based on a structured review of the main federal and European
strategies and policy documents adopted in recent years, including those concerning industrial policy,
economic security, energy diversification, decarbonisation, administrative simplification, inn@vation

and the strengthening of strategic technological capabilities. These sources are comple d

strengthening of resilience, the support of targeted

assumption of part of the investment risk.

The quantitative component draws o lal statistical sources selected on the basis of

comparability, temporal continuity and re

of national competitiveness and infrastructure produced by the International

velopment (IMD), and by evidence on skilled-labour shortages provided

and after the geopolitical rupture of 2022. This periodisation is not intended to isolate the causal

t of the energy shock, but rather to assess the extent to which the post-2022 deterioration represents

an acceleration of structural vulnerabilities already visible beforehand. For the analysis of industrial
policy, particular attention is given to the period beginning in 2019, thereby capturing the initial
reorientation associated with Germany’s Industrial Strategy 2030, followed by the subsequent
reinforcement of resilience and economic-security considerations after the pandemic and the

geopolitical rupture of 2022.
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The sectoral analysis is conducted at two levels. At the aggregate level, developments in
manufacturing are compared with those of energy-intensive industries to capture differences in exposure
and performance associated with energy-related pressures. At a more disaggregated level, selected
sectors that are particularly relevant to Germany’s productive structure are examined, including
chemicals and basic metals, alongside industries such as automotive and machinery and equipment

manufacturing, where available data allow divergent trajectories to be identified. Fi

logic.

4. RESULTS AND DISCUSSION

f Germany’s industrial position rather than to

a uniform process of deindustriglisation. W post-2022 energy shock intensified pressures on
energy-intensive industries, observed déferioration also reflects broader structural constraints,
including investment administrative burdens, skills shortages and intensifying
ition. The analysis therefore distinguishes between short-term,
sector-specific vulnef@bi#ties and more structural, economy-wide competitiveness pressures, before

ments relate to the changing orientation of German industrial policy.

ackground, the following discussion assesses whether recent policy measures

primarily as temporary responses to successive crises or as part of a more durable

pendencies and economic security considerations.

4.1. Structural and Geoeconomic Pressures on German Industry

The deterioration of Germany’s industrial performance predates the most acute phase of the recent
energy crisis, but the succession of shocks since the beginning of the decade has markedly intensified
this process. The recovery in industrial activity following the COVID-19 pandemic proved short-lived,
as the Russian Federation’s aggression against Ukraine and the ensuing disruption of European energy

markets generated a new set of pressures. The resulting contraction was particularly pronounced in
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industries whose production processes depend heavily on access to competitively priced energy (BCG,
IW & BDI, 2024). This development did not, however, affect the entire manufacturing base uniformly.
Rather, it reinforced an already visible divergence between more exposed industrial segments and
activities with a greater capacity to absorb or adjust to the changing cost and competitive environment.
As Figure 1 shows, Germany’s relative industrial weakening was already discernible before 2022 and
became considerably more pronounced thereafter. While manufacturing production in the EU- d

several comparator economies recovered or broadly stabilised above their 2021 levels, Germamgu

followed a persistent downward trajectory. The post-2022 downturn therefore cannotfe 1
solely as part of a general European industrial slowdown, but points to a distinct orc profibunced
deterioration in Germany’s manufacturing performance.

Figure 1. Manufacturing Production Index in Germany and in Selecf€éd E ,2016—

2025 (2021=100)
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fore the geopolitical rupture.

The aggregate deterioration conceals increasingly divergent trajectories across the main
components of German manufacturing. As Figure 2 (Box 1) shows, the weakening has been particularly
pronounced in chemicals and other energy-intensive activities, while the machinery and equipment
sector has also followed a persistent downward trajectory. The automotive industry displays a different
pattern, combining strong pre-pandemic expansion with an exceptional contraction in 2020 and only

partial subsequent recovery. The trajectory of basic metals further highlights the concentration of
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persistent production losses among industries characterised by structurally high energy requirements.
These differences confirm that Germany’s industrial adjustment cannot be interpreted as a uniform
contraction of manufacturing. Rather, it reflects a sectorally differentiated process in which exposure to

energy costs interacts with technological, demand-side and broader competitiveness pressures.

Box 1. Sectoral Divergence and the Changing Weight of German Manufacturing, 20162025
Vo d
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ent in precisely those activities most exposed to elevated energy costs. Energy exposure should
fore be regarded as an important amplifier of sectoral divergence rather than as a sufficient

explanation for Germany’s overall industrial weakening.

The sectoral evidence is accompanied by a longer-term decline in the relative weight of
manufacturing in the German economy. Manufacturing gross value added accounted for slightly above

one fifth of GDP in the middle of the previous decade, but its share subsequently followed a
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predominantly downward trajectory, despite a temporary rebound in 2023 (Figure 3, Box 1). This
evolution reinforces the diagnosis of structural industrial weakening, although the indicator requires
cautious interpretation because it is expressed in current prices and therefore captures changes in relative
prices and sectoral composition alongside developments in real productive activity. Read together with
the production indices, however, the decline in manufacturing’s economic weight provides further
evidence that the challenges confronting German industry extend beyond the immediate conse s

of the post-2022 energy shock.

globally (Acemoglu, 2023). This suggests that Germany’

adverse cost conditions but also increasing dj

transport infrastructure, digital connectivity, security of energy supply and the

ucation-related institutions are also important determinants of industrial

es this deterioration: Germany fell from 9th place in 2022 to 20th in 2024, before recovering
ally to 13th place in 2025 (International Institute for Management Development, 2026). This
trajectory suggests that Germany retains a comparatively strong infrastructure base, although its
international position coexists with significant domestic investment deficiencies. KfW Research

estimates the municipal investment backlog at approximately EUR 216 billion, with particularly
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pronounced gaps in transport and educational infrastructure, while public investment remains below the

EU average (KfW Research, 2025; Eurostat, 2026%).

Skill shortages represent a further structural constraint on Germany’s industrial competitiveness.
Population ageing, the gradual retirement of the baby-boom generation and the evolving technological
profile of production are progressively eroding the country’s traditional advantage in vocatio d

technical expertise (Figure 4).

Figure 4. Job Vacancies and Skilled-Labour Shortages in Germany, 2016-{2025
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the corresponding qualifications; the second

Rather than reflecting
deeper imbalance betw qualifications required by an industrial economy undergoing
decarbonisation, digital#i§ation and mation and the supply of suitably skilled workers. Data from the
German CompetenS@aCeafffe for Skilled Labour (KOFA, 2026) illustrate the persistence of this

imbalance.

mber of vacancies declined in 2025 from its 2022 peak, approximately
37(Q iti ould not be filled with workers holding the required qualifications, equivalent to
rous of all vacancies. This decline in aggregate labour demand therefore did not eliminate
al mismatch between available skills and firms’ requirements. The persistence of recruitment

ties is also confirmed by a recent survey conducted by the ifo Institute, which found that around
RIUP6T German companies continued to face difficulties in recruiting skilled workers despite the broader

economic slowdown (ifo Institute, 2026).

Investment and labour constraints are particularly relevant for the Mittelstand, whose capacity to
undertake technological transformation depends on both internal resources and access to external

finance. KfW Research (2026) points to subdued investment environment across German enterprises,

3 Eurostat data on Investment share of GDP by institutional sectors (online data code: sdg_08 11).
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with only 57% of surveyed enterprises having invested during the preceding year despite 92%
continuing to report investment needs. Among firms that refrained from investing, the main obstacles
included macroeconomic uncertainty, elevated costs, limited internal funds, unfavourable financing

conditions and bureaucratic requirements. The resulting vulnerability of smaller and mediu

firms should therefore be understood less as a uniform consequence of energy intensity tha
cumulative effect of constrained investment capacity, transformation costs, administrati

persistent skill shortages.

Germany’s productive specialisation. This pressure has D

the marked decline in German exports to Chj

competition in final gffrkets but eXfgnded to the potential relocation of investment and productive

capacity towards th States (Lynch, Moens and Stolton, 2023). More recently, this investment-
related press s beet@@mpounded by a less favourable trade environment. German exports to the

25 as market-access conditions deteriorated under the new American tariff

US weakened

4 The new tariff framework resulted from unilateral measures introduced by the US administration in 2025 on several categories
of strategic goods, including steel, aluminium, motor vehicles and automotive components. Their impact was only partly
mitigated by the EU-US agreement reached in July 2025, which established a tariff ceiling of up to 15% for most European
products exported to the US market, while preserving significant asymmetries in bilateral trade relations (European
Commission, 2025).
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Figure 5. German Goods Exports to the United States and China, 2016—2025 (EUR billion)
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The contrasting trajectories of the two markets under

confronting German industry. While the Chinese market L

barriers to trade illustrates how Germany’s

Vg efficiency, but also on the capacity to

4.2. From Vulnerability to Strategic Policy Intervention

The reorientation did not begin with the post-2022 energy crisis. Germany’s Industrial Strategy

2030 had already signalled a greater willingness to deploy selective instruments in strategically relevant

sectors, while the subsequent sequence of shocks recast this emerging interventionism more explicitly

around resilience and economic security (Schneider, 2023).
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The differentiated pressures identified above have been accompanied by a progressive broadening
of the German industrial-policy response. The 2023 federal industrial strategy reflects this shift by
treating the preservation of a competitive industrial base as essential not only for growth and prosperity,
but increasingly for economic security and the capacity to manage structural transition (Federal Ministry
for Economic Affairs and Climate Action, 2023). Accordingly, improvements in general framework

conditions are now combined with more targeted forms of intervention aimed at stabilising vul

funding role for the state in clearly defined cases, signalling a move beyond the

side logic without abandoning it. The policy response therefore exten

mitigation towards an intentional effort to shape the direction and resiliSiice aff long-term industrial

modernisation.

Economic-security considerations have simultaneousl theﬁbjectives assigned to

industrial policy. Diversification of energy and critical 1@% grial supplies, reduced dependence on
single external suppliers, more resilient value chains, a ervation of strategically relevant

manufacturing capabilities have become incre, intert ith conventional competitiveness

goals. Importantly, this logic is framed not in autarkd but of retaining, rebuilding or attracting

tion against immediate supply disruptions with proactive efforts to reshape

ctive foundations of German industry.

1 nor simply constrained by European rules; it is increasingly shaped through the interaction
en domestic industrial priorities and a broader EU agenda centred on competitiveness,
decarbonisation, strategic resilience, and economic security. The federal strategy goes further in defining
economic security as a European rather than nationally self-sufficient objective: sufficient strategic
capacity elsewhere in the Union can reduce the need for duplication at national level, while German
productive capabilities are themselves treated as part of Europe’s wider industrial resilience. This

multilevel dimension is particularly decisive for Germany, whose industrial capabilities are deeply
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embedded in European value chains and whose domestic adjustment has implications across the Single
Market. The resulting configuration is best understood as an explicitly strategic form of public
intervention rather than a regression to conventional dirigisme. Competitive markets and horizontal
framework policies remain foundational, yet they are increasingly complemented by selective
instruments justified on the grounds of resilience, technological sovereignty, economic security, and the
preservation of productive capacities whose loss would be difficult or prohibitively costly to r

The state consequently assumes a stronger coordinating and risk-sharing role in the transformagio

industry, without displacing private firms as the primary drivers of investment and inng¥ati

scope of this strategic turn nevertheless remains bounded by fiscal co
discipline, and the imperative to maintain competitive market structures, pointin,

hybrid strategic state rather than an unconstrained expansion of @

5. CONCLUSION

The evidence assembled in this paper does not S@gport¥a narrative of uniform German
deindustrialisation, but rather one of differenti

branches have borne a disproportionate

resilfence, technological sovereignty and economic security increasingly inform the rationale and
ity of public intervention alongside conventional competitiveness objectives. This
geonfiguration has not produced a dirigiste model. Horizontal framework policies and competitive
markets remain central, while selective instruments are constrained by fiscal limits, European state-aid
discipline and the continuing requirement to preserve competitive allocation. The resulting
configuration is therefore best understood as a hybrid strategic state, in which government assumes a

stronger coordinating and risk-sharing role without displacing firms as the primary agents of investment
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and innovation. Its European dimension is equally important: German industrial policy is increasingly
embedded in a multilevel framework in which national productive capacities, EU strategic autonomy

and the resilience of European value chains are mutually interdependent.

These findings broadly support the paper’s initial hypothesis that the reconfiguration of German
industrial policy cannot be adequately understood as a succession of ad hoc crisis responses. The shift
predates the 2022 energy shock and was subsequently consolidated through strategic policy fra orks

centred on competitiveness, transformation and economic security. The qualitative and

transitional response to an unusually dense sequence of shocks, will depend on ho
logic withstands changes in fiscal conditions, energy costs, technologicalfco

geoeconomic environment.

REFERENCES ¢

Acemoglu, D. (2023). Distorted Innovation: Does the gt the Digdcttion of Technology Right?

American  Economic  Association (AEA) d Proceedings, 113, 1-28.

doi:10.1257/pandp.20231000.

AG Energiebilanzen e. V./AGEB. (2026), Ev#uatioh Ta Ze? on the Energy Balance for the Federal

Republic of Germany 1990 to 2

ieved AGEB: https://ag-energiebilanzen.de/en/.

Altenburg, T. (2024). Industrialgpolicy trendspin @ermany. Santiago: Economic Commission for Latin
ibbean (ECLAC). Retrieved from
https://repositori . er/api/core/bitstreams/75d226ef-36a3-40fc-8f19-

Boston Consydgi CG), The German Economic Institute (IW) & The Federation of German
Industri 024). Transformation Paths for Germany as an Industrial Nation. Berlin:
Consulting Group. Retrieved from
e/publications/publications/transformation-paths-for-germany-as-an-industrial-
on.

d8gverband der Deutschen Industrie e.V. (BDI)/The Federation of German Industries . (2024, 11
06). Deutschland-Tempo machen: Schnellere Planungs- und Genehmigungsverfahren fiir die
Industrie. Retrieved from BDI - Publikationen: https://bdi.eu/en/publications/deutschland-tempo-

machen-1.

Bundesverband der Deutschen Industrie e.V. (BDI)/The Federation of German Industries. (2019, 01 10).
China: Partner and Systemic Competitor - How Do We Deal with China's State-Controlled

96



Economy? Retrieved October 09, 2024, from BDI - Publikationen:

https://english.bdi.eu/publication/news/china-partner-and-systemic-competitor.

Competence Center for Securing a Skilled Workforce/KOFA. (2026). Uberblick Fachkriftemangel
(Overview of skilled labour shortages). Retrieved from KOFA: https://www.kofa.de/daten-und-
fakten/ueberblick-fachkraeftemangel/.

Deutsche Bundesbank. (2026, March 26). German balance of payments in 2025 - Monthly Bep

March 2026. Retrieved from Deutsche Bundesbank Publications - Current Mo
https://publikationen.bundesbank.de/publikationen-en/reports-studies/monthly-rep@rts/mi@nthly-

t Statement on transatlantic trade

ommission - Press Release:

economic Retrieved from BMWK Publications - Industrial

Policy:
irtschaftsministerium.de/Redaktion/EN/Publikationen/Industry/industrial-

https://m

al Statistical Office: https://genesis.destatis.de/datenbank/online/.

istical Office of Germany (Destatis). (2026b). Destatis Publications - National Accounts -
Domestic Product - First annual results - Fachserie 18 Reihe 1.2 - First quarter 2026. Retrieved
June 28, 2026, from Destatis: National Accounts - Domestic Product:
https://www.destatis.de/EN/Themes/Economy/National-Accounts-Domestic-

Product/ node.html#.

German Council of Economic Experts. (2025, May 21). Structural change in Germany: productivity,

regional aspects and the labour market. Retrieved from German Council of Economic Experts -

97



Publications: Productivity Reports: https://www.sachverstaendigenrat-

wirtschaft.de/en/publications/productivity-reports.html.

Ifo Institute. (2026, February 25). Economic Slowdown Eases Shortage of Skilled Workers in Germany.
Retrieved from "ifo" Institute: https://www.ifo.de/en/facts/2025-02-17/economic-slowdown-

eases-shortage-skilled-workers-germany.

International Institute for Management Development (IMD). (2026). World Competitiveness Rankj
2026. Retrieved from IMD- Country Profile: Germany: https:/www.i

profile/germany-wct/.

Juhasz, R., Lane, N. J., & Rodrik, D. (2024). The New Economics of Industrial P Z lew
of Economics, 16, 213-242. doi:https://doi.org/10.1146/annurev-eco

KfW Research. (2025, July 01). Municipalities complain about worSening®i ment backlog.

Retrieved from KfW, Press Release: https:/www. About-K ewsroom/Latest-

News/Pressemitteilungen-Details 855680.html. ) 2
KfW Research. (2026, July 01). Financing climate clo est, activity subdued. Retrieved
from KfW Business Survey 2026: https:// de/About-KfW/Newsroom/Latest-

News/News-Details 899584.html.

Lynch, S., Moens, B., & Stolton, S. (202 ary U8). Eagnce and Germany go it alone as EU summit

prepares  to St US. Retrieved  from  Politico:

https://www.politico.eu/az any-go-it-alone-as-eu-leaders-meet/.

wenty-First Century. KSG Faculty Research Working
Paper RWP04-047, 1-58. Retrieved from
https://www. s hag@drd.edu/publications/industrial-policy-twenty-first-century.

Schneider, E.! . y’s Industrial strategy 2030, EU competition policy and the Crisis of New
eo-)political economy of a contested paradigm shift. New Political

2), 241-258. doi:https://doi.org/10.1080/13563467.2022.2091535.

., & Veugelers, R. (2023). Industrial policy in Europe: past and future. In S. Tagliapietra,

&R Veugelers, Sparking Europe’s new industrial revolution: A policy for net zero, growth and
esilience (pp- 13-28). Brussels: Bruegel. Retrieved from

https://www.bruegel.org/blueprint/sparking-europes-new-industrial-revolution-policy-net-zero-

growth-and-resilience.

Von Der Burchard, H. (2022, October 19). ‘We failed’ on Russia: Top German Social Democrat offers
mea culpa. Retrieved from Politico: https://www.politico.eu/article/we-failed-germany-

depended-on-russia-social-democrat-said/.

98



FOREIGN INVESTMENTS IN THE FOOD SECTOR IN TURKEY
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ABSTRACT

The food sector is an industrial branch that processes animal and vegetable
obtained through agriculture in factories, transforming them into packaged, ready-(ozg
with a long shelf life. Human consumption needs and technological advancemé

rapid development of the food sector and the expansion of investment are

While the food sector in Turkey developed rapidly following the procla
regulations enacted over the years have drawn a portion of the i e volume@fforeign investments
into the food industry. In this study, while the first section exam s&or along with its share
in Turkey's foreign trade, the second section illustrates ex@npleSQf.corpordfe acquisitions in the Turkish
food sector and identifies the companies that have Migred Me market through foreign direct

investments.

Keywords: Food Sector, Foreign Direct ent @'Dl) A’ergers and Acquisitions (M&A), Foreign
Trade, Turkish Economy.

JEL Codes: F21, F14, L66, G3,

1. INTRODUCTION

that transforms plant and animal raw materials obtained from the
g-shelf-life and ready-to-consume products through one or more applied
ctor. For the food sector, which meets its raw material requirements from
cultural sector and the food industry interact with each other globally and develop

rate of agricultural products in the production of food items varies across products.

and for food and the perishable nature of agricultural products necessitate the application of certain

processing and preservation methods. This function is fulfilled by the "Food Industry" (iSO, 2006: 34).

The food industry satisfies the nutritional requirements of consumers by producing foodstuffs.

Since they are of agricultural origin, foodstuffs are perishable; however, their shelf life can be extended

* Kocaeli University, Kocaeli/ Tiirkiye, E-mail: nazmiyeavci41@gmail.com.
** Kocaeli University, Kocaeli/ Tiirkiye, E-mail: faurimamogluu@gmail.com.
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by adding various additives. Along with technological developments, product diversity can be increased.
Since it allows for storage, balancing the supply and demand of foodstuffs becomes easier. Due to its
importance in nutrition, legal regulations are necessary in marketing services. Furthermore, owing to
the presence of numerous manufacturing companies with different capacities, competition will

inevitably arise in areas such as price, service quality, and product diversity (Giines et al., 2002: 18).

According to the international classification system of the food industry, the food sg€tor is

confectionery products. These eight sectors display parallelism with the "manufac#@
beverages, and tobacco products sector" in the European Union in terms of pro

methods (Basar et al., 2008: 32).

1.1. The Food Sector in the Turkish Economy

The presence of rich agricultural resources and the prevalé
economy have been influential in the establishment andfevci@ament of flie food processing industry

(Susmus and Ozan, 2011: 10).

Since most of the raw materials are obt
almost all sub-sectors of the food indust
nature of production and operation ac

regarding the sector (Balu et al.,

e Usak Suga tQ as established. (1926)

e The factOf@awas established. (1947)
of cafning factories increased rapidly. (1948)

h Institution (Et Balik Kurumu) was established (1952), along with meat integrated

ants, pioneering developments in the meat processing industry.

Margarine production commenced. (1953)

The first dairy factory, Atatiirk Forest Farm (Atatiirk Orman Cifiligi), was established. (1957)
e Dairy Industry Corporation (St Endiistrisi Kurumu - SEK) was established. (1963)
e Inthe 1970s, factories for fruit juice and frozen foods were established.

e Snack foods became widespread, and private sector investments increased (post-1980) (DPT,

52-53).
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Following 1980, the economy transitioned to an export-led industrialization model, during which
significant changes were implemented in the foreign trade regime, including the food sector. Initially,
foreign trade in food and agricultural products was liberalized. In 1984, import duties and tarifts applied

to the food sector were substantially reduced.

The industrialization process in the Turkish economy after the proclamation of the Republic

originated with the food sector, leading to the establishment of modern food processing factories

1950s, characterized by an environment of economic and political liberalization, a notice

Although the food industry is an agriculture-based indus s an imf§@rtant position in the

Turkish economy. Accounting for a 20% share in total man an’ providing employment

% of the total value added.

According to industry leaders, beyond favorable geopolitical conditions, the dynamism in the

agriculture and livestock sectors grants significant advantages to the sector:
e Turkey possesses a large domestic market,

e Turkey is surrounded by countries with rising income levels and increasing consumption

expenditures.
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According to key actors in the sector, the future of the food industry is promising. These
developments within the sector can be linked to the country’s young population, rising welfare levels,
and increased consumer spending. In particular, the rapid growth in demand for branded products in our
country has led conscious investors to prioritize branding in the food sector and to undertake new

investments.

Despite all this growth in the food sector, several problems remain prominent. These can bhlisted

as follows:

¢ Global climate change reduces crop yield,

¢ Yield reductions cause supply contractions, leading to increases in food p
e Unregistered / unmapped production,

¢ Global economic crises constraining consumer spending,

¢ High production costs, r'S

e Lack of consumer awareness,

e Difficulties encountered in procuring high-quality ¢ Bcencous raw materials.

The main raw material of the food sec

agricultural sector directly impact the fo

the tourism sector, have le
the food sector's expa
new products into Tu economy presents an ongoing opportunity for the sector (Turan, 2013:

70-72).

ports and imports, undergoing substantial development.

Within the scope of predominantly export-led growth policies, major changes occurred in the food
sector. In 1984, import duties and fees on food products were significantly reduced, leading to a
substantial increase in imports. Examining import figures reveals an increase in animal products within
the food sector. Furthermore, as a result of recent advancements in food technology, the sector has

established export-driven production, reaching a competitive position in international markets.
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In the Turkish economy, modern food industry facilities established specifically to enhance
exports after 1980 enabled a notable increase in food exports. However, traditional agricultural products

still account for a major share of Turkey's exports (IGEME, 2004).

Currently, traditional food items—primarily pasta, alongside flour and bakery products, frozen
fruits and vegetables, canned goods, tomato paste, and hazelnuts—are export products with continuously
increasing production levels in the Turkish economy. Consequently, the food sector, whose sffare’in
total exports has been growing annually in recent years, contributes significant foreign cu

to the Turkish economy (Turan, 2013: 75).

Figure 1. Comparison of Food Sector Export and Import D ars
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Figure 2. Foreign Trade Data of Selected Food Sector Commodities for the First 10
Months of 2022
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As shown in Table 2, the export and import data are analyzed by breaki down into the

sub-sectors of the food industry. Examining both export and i es reyedls that the vegetable

oil sector emerged as the sub-sector with the highest foreigs eMollowed by the flour sector.
The most fundamental feature distinguishing these two Others is that imports exceed

exports.

Figure 3. Turkey’s Food Sector Exp@rt a Impo‘Data on a Country Basis for the First

month f 2022
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0 Table 3, selected countries with which foreign trade is conducted in the food sector
d. The top destination countries for food sector exports are listed, in order, as Iraq, Russia,
y, and Syria, while the leading origin countries for imports are shown as Russia, Ukraine, the

7y and Germany, respectively. Four major trading partners stand out:

e Examining Russia; it holds a prominent position both among the top export destinations and as

the primary source of imports.

e Examining Iraq; it tops the list of export destinations, whereas imports from this country are

virtually nonexistent.
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o Examining Germany; it ranks fourth among the top export destinations while also being among

the leading sources of imports.

e Examining Ukraine; while its export volume remains notably low, it ranks second after Russia

in terms of imports.

2. DATA SET r

Examining the sectoral distribution of foreign capital investments in the Turkish economy
throughout history, it is observed that prior to the proclamation of the Republic, investments were

predominantly concentrated in infrastructure sectors (railways, ports, and highways).

In 1924, there were 94 foreign-capitalized companies operating in the Turkish economy. Their

sectors of activity were as follows:
e 23 in banking,
e 11 in electricity,
e 12 in the manufacturing industry,
e 35intrade,

¢ 6 in maritime shipping (DPT, 1983: 12).

A H &
Foreign investments made following the proclamation of the Republic generally took the form of

joint ventures, primarily in sectors such as food, cement, and textiles. By 1929, the number of foreign-
capitalized companies increased by 20 within a five-year period, reaching 114, which resulted in a

foreign currency inflow of $30 million into the Turkish economy (Sahin6z, 1998: 336).

Examining the distribution of foreign-capitalized companies investing in the Turkish economy

between 1951 and 1960, the share of the food sector stood at 15.12% (Selik, 1961: 31).

By 1965, foreign-capitalized companies directed their largest investments toward the
pharmaceutical sector, while the share of foreign capital entering the food sector was recorded at 7.2%

(Central Bank of the Republic of Turkey [MB], 1965).

Looking at the distribution of investment permits granted by decrees issued after 1972 across

production sectors, an investment of $11 million was made in the food sector (Sahin, 1975: 55).

Following 1980, the role of foreign capital in agricultural production and the food sector expanded
significantly. The enactment of the January 24, 1980 decisions and regulatory reforms targeting foreign
capital led to an increase in foreign capital investment levels and, in parallel, raised the permitted amount
of foreign capital in the manufacturing sector. While foreign capital investment in the food sector alone
was $15 million in 1980, it rose to $77 million just nine years later. Between 1980 and 1984, permits

were granted to 84 foreign-capitalized companies, 8 of which operated in the food sector. Between 1985
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and 1989, while total capital permits across 11 sub-manufacturing industries reached $944 million, 81

foreign-capitalized companies received approval to invest in the food sector (Turan, 2013: 80).

Investments made in the manufacturing industry between 1980 and 1998 are presented in detail
in the graph below. The graph illustrates investments in the food sector during the same period. It is
observed that investments directed toward the food sector varied in parallel with investments made in

the manufacturing industry.

Figure 4. Investments Made in the Manufacturing Industry and the Food Sector Between

1980-1998
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Source: TCMB.

Among the sub-sectors of the manufacturing industry, the Food and Beverage sector was the
highest recipient of foreign investment in 1985, attracting $47 million. A similar trend was observed in
1989, 1992, and 1998, respectively. Due to its high profitability, this sector has consistently remained a

preferred choice for foreign investors.

In 1989, a substantial increase in foreign capital was recorded across all sectors. The underlying
cause was that the measures implemented in 1989 to encourage foreign currency inflows had a positive

impact on foreign capital entry.

Examining the period between 1987 and 1998, an increase is observed in the number of domestic
companies forming partnerships with foreign entities. The number of foreign-capitalized enterprises
rose from 32 to 65 in the agricultural sector, from 38 to 139 in the food sector, and from 8 to 198 in the
catering services sector. Prominent domestic capital groups in the Turkish economy began operating in

various branches of the food sector by establishing joint ventures with foreign companies.
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In the 1990s, alongside privatizations, state-owned enterprises belonging to the Dairy Industry
Corporation (SEK), Feed Industry Inc. (YEMSAN), and the Meat and Fish Institution (Et ve Balik
Kurumu) were privatized (Turan, 2013: 81-82).

Table 5 presents the distribution of foreign capital investments within the manufacturing industry
between 1980 and 2009. As shown, the food, beverage, and tobacco sector received the largest share of

foreign capital investment within the manufacturing distribution during this period.

Figure 5. Distribution of Foreign Capital Within Manufacturing Sectors Between 1980—

2009 ($ Million)
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Source: TUSIAD, TCMB, Ministry of Treasury and Finance.

3. METHODOLO{ \

3.1. Case Studies On Foreign Direct Investments In The Food Sector

Foreign direct investments encompass various forms, such as long-term investments made by
foreign investors in our country, establishing a new enterprise, expanding an existing one, or acquiring
an existing business. In recent years, this type of investment has generally been executed through the
acquisition of existing enterprises or by means of mergers. To illustrate, firm mergers and acquisitions

accounted for 85% of foreign direct capital investments made in 2000 (Demir, 2003: 65).

A decline occurred in mergers and acquisitions during the years 2001, 2002, and 2003; however,
following 2003, they resumed an upward trend in parallel with global developments. In 2006, the
number of mergers and acquisitions rose to 215, and in 2007, mergers and acquisitions exceeding $1
billion were realized, with 78% of foreign direct investments being executed through this channel in that

year (Yasar, 2011: 79).
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In this section, the objective is to demonstrate examples of corporate acquisitions in the Turkish

food sector and to illustrate the brand names under which these companies entered the market.

Table 1. Domestic Companies Acquired in the Food Sector Between 20152021

Year TARGET COMPANIES
Acquiring Acquirer’s Share
Company Name
Company/Companies Country Acquired(%)
A Wl |
Ak Gida Lactalis France %80
A
Bahar Su
Della Gida
ilk Mevsim DyDoDrinco Japan %90
2015 Meyve Sular1 V
Ekol Gida Cargil USA %51
Trans AtlanticGroup ‘
Orugoglu Yag USA %100
DMCC
Ana Gida Bunge W Netherlands %100
[ | o
Bizim Mutfak Ajinomoto Japan %100
F W | W 4
Al Sraiva Holding/ Qatar
Mado
VentureCapital Bank Bahrain Not Available
L .
2016 Peyman Bridge Point UK %100
V4
Polen Gida Dr. Oetker Germany %55
4
Rito Tohumculuk | TakiiSeed Japan %100
AN
Vitamin Unlu
MunifAlnahdiGroup UAE %45
Mamulleri
BRF Brazil
Banvit %79,48
QiA Qatar
Kemal Kiikrer Ajnomoto Japan %50
2017 KFC Tiirkiye TheAbraajGroup UAE %100
May Agro ZaadHoldings South Africa %35
Simit Saray1 AlhokairGroup Saudi Arabia %10
Yem Vit DevenishNutrition irlanda %50
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Temasek Singapore
D.ream %17,34
MetricCapital UK
TransmedLebanese
Demak Gida Lebonan %80
Holding
Ekol Gida Cargill USA %49
~y
2018 IkonAgro EW Nutrition Germany %51
Kellogg Med
Kellogg’s USA %50
Gida I !
VentureCapital Bank
Oba Makarnacilik Bahrain
First Energy Bank ‘ l %50
Ofcay Jacobs USA %100
Bonfilet Pashainvestments Not Available
Beta Tarim CCPA Group France Not Available
2019 A\ -
Glutensiz Ada DrSchar Austria %350
N
Turkas Gida CompassGroup UK %100
_ » = v
Iz Hayvancilik Alpha Venture UK %49,5
| | | " 4
Polonez SinioraFood Jordan %77
2020 - | I 4
SelJel Jelatin Gelitalnternational Germany %50
| AV W
Tiryaki Agro QatarinvestmentAuthority | Qatar %23
V4
Assan Gida Kraft Heinz USA %100
h 4
Della Gida DyDoGroup Japan %10
Diket Vitamin Nestle France Not Available
Ege Tarim
NH Foods Japan %40
Hayvancilik
Azad Hiiseynov (Private B
Sahmar Gida Azerbaijan %100

investor)

Source: ErnstandYoung, 2015-2021.
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Table 2. Selected Foreign Direct Capital Investment Companies in the Food Sector

Leading Companies In The Sector

Company Name Ultimate Owner Country of Origin
Arbella Makarna AGT FoodandIngredients Canada
Barilla Makarna Barilla S.P.A. Italy
Filiz Makarna Barilla S.P.A. Italy
~y
Yudum Yag Savola Gida San. Ve Tic. A.S. Saudi Arabia
VAN N &
Kirlangic Yag KoninklijkeBunge B.V. USA
—_ W A W 4
Komili Yag KoninklijkeBunge B.V. USA
L N | | e
Hayat Su Danone France
|V 4

Erikli Su Nestle k. Switzerland

L\ i W
Damla Su Coca Cola Company o USA

| R | el
Coca Cola Coca Cola Company USA
- *
Fanta Coca Cola Company USA
| | o
Cappy Coca Cola Company USA
& B |V 4
Camlica Gazoz DyDoDrinco Japan
H &
Algida P Unilever PLC UK
AR A 4
Nutella ErreroGroup Italy
V4
Milka Mondelez International USA
- A
Danone Danone France
_  wwm W
Igim Lactalis France
N A\ V4 i
CP CP Group Thailand
4K & 8

Yeni Raki Diageo UK
Dr. Oetker Dr. Oetker Germany

Source: ErmnstandYoung, 2002-2021.

4°CONCLUSION

In general, when the period before and after the proclamation of the Republic is considered, the

presence of foreign-capital companies in the country has gradually increased. Through regulations

introduced over the years, the number of foreign investments has increased, and these investments have

also been observed in the food sector.
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Between 2015 and 2021 alone, 39 domestic companies underwent mergers or acquisitions
involving foreign direct investment. The majority of the largest companies operating in our country

consist of foreign-capital companies. This situation can be summarized by examining three sectors.

First, when the vegetable oil sector is considered, Yudum, Kirlangi¢, and Komili are among the
most important vegetable oil companies operating in our country. However, it can be observed that these

companies are no longer owned by domestic firms but by foreign-capital companies.

Second, when the pasta sector is considered, pasta is one of the most widely consumed food
products in our country. Therefore, it may be assumed that the share of domestic production is high.
However, it can be seen that one of the best-known brands in our country, “Filiz Pasta,” was sold and

subsequently became part of the Barilla Group.

Third, when the beverage sector is considered, The Coca-Cola Company stands out. This
company produces various types of beverages, such as Coca-Cola, Fanta, and carbonated soft drinks,
both in our country and worldwide, and it also has a production facility in our country. Since the
consumption of these products is quite high, a significant amount of investment has been made in our

country by this company.

As a result, foreign companies, as well as domestic companies, have a significant presence in the
food sector market in our country. However, the greater their presence, the greater their potential to
influence prices, since they have considerable control over the supply of their products. Therefore, it is

necessary to encourage the consumption and production of domestic products.
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AI ADOPTION AND TRANSPARENCY IN FINANCIAL REPORTING: THE DIGITAL
ILLUSION IN EMERGING ECONOMIES AN ANALYTICAL PERSPECTIVE FROM
ALBANIA

PhD Candidate Edona QERIMI"

ABSTRACT

This study examines the relationship between Artificial Intelligence (A1) adoptio

reporting transparency in an emerging-economy context, using Albania as an ana

data governance, regulation, explaing®ili

conceptual perspective for assessing dig®tal

Albania.

JEL Codes: M41, 033, D82

NS
1. INTRODU

nd
rapid advancement of digital technologies has fundamentally transformed the financial and

ting landscape, reshaping the way financial information is generated, processed, analyzed, and
pfifinicated. Digital transformation has moved accounting practices beyond traditional,
predominantly manual processes toward increasingly automated and technology-driven reporting
environments, characterized by the use of cloud computing, big data analytics, robotic process
automation, and other advanced digital technologies. Within this transformation, Artificial Intelligence

(AI) has emerged as one of the most significant technologies, offering the potential to fundamentally

* Agricultural University of Tirana, Tirana/ Albania, E-mail: gerimiedona@gmail.com.
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alter accounting and financial reporting processes through automation, predictive analytics, intelligent

data processing, anomaly detection, and decision-support capabilities (Sanz Martin et al., 2026).

The growing integration of Al into financial activities is particularly relevant to financial
reporting, where the ability to process large volumes of complex information rapidly and accurately may

contribute to greater efficiency, reliability, and timeliness of reported information. At the same time, the

increasing complexity of financial markets and the growing information needs of investors, regf

creditors, and other stakeholders have intensified the demand for transparent, reliable, co

1.2 Research Problem

Despite the growing availability of digita ologies increasing recognition of Artificial

improvements in fin
adoption of digital S@pors technologies such as XBRL has also been associated with improved
financial inf arency and reporting quality, particularly in emerging-market contexts

(Astika et al.,

eless, a distinction must be made between the general digitalization of

es and the substantive adoption of Al within financial reporting.

ion may operate within a highly digitalized environment, use electronic reporting
oud-based accounting platforms, or automated processes, while still making limited use of
ely intelligent technologies capable of learning, predicting, detecting anomalies, or supporting
ex accounting decisions. This distinction becomes particularly important in emerging economies,
where digital transformation frequently develops alongside limitations in technological infrastructure,
regulatory capacity, organizational readiness, and specialized human capital. Consequently, the visible
presence of digital technologies may create an impression of advanced technological transformation
without necessarily reflecting a comparable level of Al integration into financial reporting practices.

This potential discrepancy between perceived digital progress and substantive technological adoption

114



constitutes the central research problem addressed in this study and provides the foundation for the

concept of the “Digital Illusion” proposed in the following sections.

1.3 Research Gap

Although the literature increasingly highlights the potential of Artificial Intelligence (Al) to
improve accounting processes, reporting efficiency, and financial information quality, importa: S

remain. Existing studies primarily focus on the technological capabilities and potential benefit§gof,

while comparatively limited attention has been given to how Al adoption translates into g
reporting transparency (Astika et al., 2026). Furthermore, most empirical evide
developed and technologically advanced economies, whereas emerging
underrepresented despite facing distinct institutional, technological, and h

may influence the effectiveness of Al implementation (OECD, 2024).

This gap is particularly relevant in the Albanian context. Adisamia has ma enificant progress
in digital transformation through the expansion of e-governm @ f&s, diital infrastructure, and
national digitalization initiatives, while also taking i
framework (OECD, 2024). However, limited research has whether these visible advances in

digitalization are accompanied by substantive option W accounting and financial reporting

emerging economies, the

institutional, regulatg

financial reporting p

1.4 Res jectipes and Research Questions

h Objectives

objective of this study is to examine the relationship between Artificial Intelligence
dopfien and transparency in financial reporting within the context of Albania, while situating the

5 within the broader literature on emerging economies. The study seeks to assess whether the

ping process of digital transformation in Albania is accompanied by substantive adoption of Al
technologies in accounting and financial reporting, and whether such adoption has the potential to
contribute to greater transparency, reliability, timeliness, and quality of financial information (Astika et

al., 2026).

Rather than statistically estimating the causal relationship between Al adoption and financial

reporting transparency, the study employs an analytical and comparative approach based on a structured
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review of contemporary academic literature and the examination of Albania's evolving digital,
institutional, regulatory, and technological environment. This approach enables the study to identify the
main opportunities and constraints associated with Al adoption and to assess Albania's position within

the broader transformation of financial reporting in emerging economies.

More specifically, the study pursues four objectives. First, it examines the main applications of

Al in accounting and financial reporting and the benefits identified in the contemporary litgfature.

progress in digitalization and the substantive integration of Al into financidl rep

1.4.2 Research Questions
The study addresses the following research questions: ) 2

RQ1: What does the contemporary literature reve Wthe of Artificial Intelligence in

accounting and financial reporting?

RQ2: Through which mechanisms can Al adoption co@ibute to greater transparency and quality

in financial reporting?

elationship between Al adoption and transparency in Albania; rather, it provides an analytical

geSsment of the phenomenon based on contemporary literature and the country's broader digital and

institutional context.

1.5 Contribution of the Study

This study contributes to the growing literature on Artificial Intelligence (Al), accounting, and

financial reporting in three main ways. First, it integrates the concepts of Al adoption, digital
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transformation, and financial reporting transparency, which are often examined separately in the existing
literature. While prior studies have highlighted the potential of Al to improve accounting processes and
reporting quality, less attention has been given to its implications for financial reporting transparency,

particularly in emerging economies (Astika et al., 2026).

Second, the study introduces the concept of Digital Illusion, which describes the potential gap

between visible digital transformation and the substantive adoption of Al in financial reportig@

framework distinguishes between general digitalization and the actual integration of

an‘capital

for future

seeking to promote the effective use of Al in financial reportin,

2. LITERATURE REVIEW

2.1 Theoretical Foundations of AI Adoption and Reporting

The relationship between Artificial Wntellience @A) adoption and financial reporting

transparency of in available to stakeholders. Recent literature on Al and accounting

increasingly t advanced technologies can transform financial reporting processes, while

echnology—Organization—-Environment Framework

he Technology—Organization—Environment (TOE) framework provides a useful theoretical

s for explaining why organizations adopt or fail to adopt Al. It proposes that technology adoption is
shaped by three dimensions: the technological context, including compatibility, complexity, and
readiness; the organizational context, including resources, management support, and capabilities; and
the environmental context, including regulation, competition, institutional conditions, and external

pressures (Tornatzky et al., 1990).
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Applied to the present study, the TOE perspective highlights that the transition from digitalization
to substantive Al adoption depends on the interaction between technological readiness, organizational
resources and capabilities, and the surrounding regulatory and institutional environment. This
perspective is particularly relevant to emerging economies, where infrastructure, financial resources,
digital skills, regulatory preparedness, institutional capacity, and organizational readiness may

determine whether digitalization develops into substantive Al adoption.

2.3 Digital Transformation and AI Adoption in Albania

applications through the e-Albania portal and mobile appli€

investments planned in e-Albania 2.0, open dat

(2026) further suppo observation: based on a survey of 85 Albanian SMEs, the authors found that
while existing applications were concentrated mainly in marketing and
racterize Al adoption as fragmented and opportunistic rather than deeply

izational processes (Baholli et al., 2026).

as also moved toward a more explicit Al policy framework through the National
telligence Strategy for 2025-2030. Nevertheless, policy development and digital
cture represent enabling conditions rather than evidence of actual Al adoption. Human capital
dins particularly important, as the OECD identifies digital skills as essential for businesses to benefit
from advanced technologies (OECD, 2024). In accounting and financial reporting, Al adoption requires
not only technical infrastructure but also the skills necessary to interpret outputs, identify potential errors

or biases, and maintain professional oversight (INSTAT, 2025).

The institutional and financial environment is also becoming increasingly digital. The

implementation of ISO 20022 by the Bank of Albania in 2025 strengthened the standardization, quality,
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transparency, and efficiency of financial data (Bank of Albania, 2025). However, standardized digital
data should not be confused with Al adoption: while ISO 20022 facilitates structured data exchange, Al
involves more advanced capabilities such as prediction, anomaly detection, pattern recognition, and

intelligent decision support.

Taken together, the evidence points to a contrast between Albania’s progress in digitalization and

Al adoption is central to the present study and provides an important basis for exa
Albania’s visible digital progress has extended to specialized areas such as acc

reporting.

2.4 Financial Reporting Environment in Albania

Standar@ AC, 2026). The IFRS Foundation
s and #e role of Law No. 25/2018 in establishing

depends on professio petence, institutional oversight, enforcement, and disclosure practices.

losure represents an important component of this environment. Miti et al.
e relevance of disclosures for the quality and usefulness of financial reporting in
icularly relevant to Al because its potential contribution extends beyond the
ncial statements to the processing, classification, verification, and communication of

ormation.

nstitutional capacity is another important determinant. The World Bank's Accounting and

iting Report on the Observance of Standards and Codes (A& A ROSC) highlights the importance of
accounting standard-setting, auditing oversight, professional competence, and institutional enforcement
in Albania's financial reporting environment (World Bank, 2019). These conditions are relevant because
the transparency benefits of Al depend partly on the regulatory and professional environment in which

Al-supported information is prepared and assessed.
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The digitalization of Albania's financial ecosystem adds another dimension. The implementation
of ISO 20022 in 2025 has improved the standardization, exchange, quality, and security of financial data
(Bank of Albania, 2025). Such infrastructure may facilitate future Al applications, but standardized
digital data should be distinguished from Al-enabled reporting. Al requires additional technological and
organizational capabilities to analyze data, identify patterns, detect anomalies, and support decision-

making.

Digitalization, Al adoption, and financial reporting transparency should there

understood as a simple linear sequence. Digital technologies can improve processing s
submission, accessibility, and data management, while Al may further suppo
predictive analytics, natural language processing, and intelligent classification.
introduces challenges related to explainability, algorithmic bias, data gove
Its contribution to transparency consequently depends on how deeply it is integra the accounting

and reporting environment.

Albania’s financial reporting environment thus reflec iNgtitutional, and technological

k based on NAS and IFRS,

s, country-specific evidence on substantive Al

ak sxlbania a relevant context for examining

Research Approach

his study adopts a qualitative, analytical, and comparative research approach to examine the

nship between Artificial Intelligence (AI) adoption and financial reporting transparency, with
particular emphasis on Albania. Rather than statistically estimating causal relationships, the study
synthesizes contemporary academic literature and relevant institutional and policy evidence to assess
how technological, organizational, regulatory, and human-capital factors may influence the transition
from digitalization to substantive Al adoption. This approach is consistent with recent research that uses

systematic and structured literature reviews to examine the development, applications, benefits, and
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challenges of Al in accounting and financial reporting (Astika et al., 2026; Abdo-Salloum & Chehade,
2026). The Albanian context is examined in relation to broader evidence from emerging and more
digitally advanced economies, allowing the study to identify similarities, differences, and contextual

constraints.

3.2 Literature Review and Evidence Selection

The analysis is based primarily on contemporary peer-reviewed literature concerning Al ad@pti
digital transformation, accounting, financial reporting, transparency, and emerging econogifies. Rel
academic studies were identified through established scholarly databases and complemerited byfrepoxts

of

and policy documents from institutions including the OECD, World Bank,

e concerning digital infrastructure,
financial reporting regulation, and

is infportant because digital transformation in

was analyzed thematically around four interconnected dimensions: (1)

infrastructure, (2) Al readiness, including technological, organizational,

3 pOsition.

he comparative analysis does not seek to establish statistical differences between countries.
, it is used to identify recurring patterns and contextual relationships that may explain why high
levels of digitalization do not necessarily result in equivalent levels of Al adoption. This distinction is
particularly relevant in Albania, where progress in digital public services, enterprise connectivity, and
digital infrastructure coexists with limitations in specialized ICT capabilities and evidence of uneven Al

adoption (OECD, 2024; INSTAT, 2025; Baholli et al., 2026).
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3.4 Development of the Conceptual Framework

The findings from the literature and the Albanian contextual analysis are integrated into the
proposed Digital Illusion Framework. The framework conceptualizes digital transformation as a
potential foundation for Al readiness, while recognizing that readiness does not necessarily lead to
substantive Al adoption. Substantive adoption is subsequently considered in relation to potential
improvements in financial reporting transparency, including accuracy, timeliness, reli@bilt

accessibility, and completeness.

The framework therefore does not assume a direct or automatic relatio

within specialized functions such as accounting and financial reporting. The fra
proposed as a conceptual basis for future empirical research rat a statis

the present study.

4. PROPOSED CONCEPTUAL FRAMEWORK: TH L ILLUSION FRAMEWORK

6). The proposed Digital Illusion Framework therefore conceptualizes the

cess: Digital Transformation — Al Readiness — Substantive AI Adoption

capacity remain important constraints (OECD, 2026). Substantive Al Adoption therefore refers to the
actual integration of Al into business processes, including applications such as predictive analytics,
anomaly detection, intelligent automation, and natural language processing. In accounting and financial

reporting, such applications may improve the processing and analysis of financial information, although
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their effectiveness depends on data quality, governance, human expertise, and appropriate oversight

(Astika et al., 2026; Abdo-Salloum & Chehade, 2026).

4.2 The Digital Illusion

The central concept of the framework is the Digital Illusion, defined as a situation in which visible
digital progress exceeds substantive Al adoption. In Albania, the expansion of digital public s S
and enterprise connectivity demonstrates significant progress in digital transformation, with 9
enterprises with more than 10 employees reporting Internet access for business purgbse

(INSTAT, 2025). However, OECD evidence indicates that the digitalization of Albag

jan

Esffemains
6

QECD ).

Therefore, visible digital development should not automatically be int evidghice of Al
adoption in specialized functions such as accounting and financial reporti
Accordingly, the framework does not assume a direct proggesgion from di transformation to

aditi@ns for Al adoption, but

limited in depth and that more advanced technologies are less widely integgdted

greater financial reporting transparency. Digitalization may cre

4.3 Conceptual Propositi

Based on the propo ework, the study advances the following propositions:

P1: Digital trad§formation cr enabling conditions for Al adoption but does not necessarily

result in substantive Alhuaf€gration.

ds on technological infrastructure, organizational capabilities, human

capita i nal ahd regulatory conditions.

e Al adoption has the potential to improve the accuracy, timeliness, reliability, and

ity of financial reporting.

4: The transparency benefits of Al depend on data quality, governance, explainability, and

oversight.

P5: A Digital Illusion may emerge when visible digital transformation substantially exceeds

substantive Al adoption, particularly in emerging economies such as Albania.
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Figure 1. The Digital Illusion Framework

Digital Transformation

Al Readiness

Substantive AI Adoption %
l

Financial Reporting Transparency

Digital Illusion: Visible Digital Progress > Su @ e Al % tion

Source: Author's conceptualization based on the reviewed literature

5. DISCUSSION

The reviewed evidence positions Albani seful cas¢"for examining the gap between digital

transformation and substantive Al adoption. try ha? achieved substantial progress in digital

developed (OECD, . Thi s the central assumption of the Digital Illusion Framework:

visible digital progre not necessarily imply equivalent Al integration.

oncentrated in relatively simple applications (Baholli et al., 2026). These findings indicate that
%s to digital technologies represents only the first stage of transformation; moving toward
substantive Al adoption requires appropriate skills, data capabilities, organizational readiness, and the

capacity to integrate Al into core business processes.

This distinction is especially relevant to financial reporting. Al may potentially improve the
accuracy, timeliness, reliability, and efficiency of reporting through applications such as anomaly

detection, predictive analysis, intelligent classification, and automated verification. However, these
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benefits cannot be assumed solely from the existence of digital infrastructure or general Al use. They
depend on data quality, governance, explainability, professional competence, and human oversight
(Astika et al., 2026; Abdo-Salloum & Chehade, 2026). In Albania, therefore, the available evidence
does not support the conclusion that digitalization has already produced substantive Al-enabled financial
reporting. Rather, it indicates the existence of enabling conditions alongside important gaps in advanced

adoption.

and human-capital conditi

The analysis afidlicates that nia has made substantial progress in digital transformation,
particularly in digita services, enterprise connectivity, and digital infrastructure (INSTAT, 2025;
OECD, 2024, Ho 1, available evidence suggests that Al adoption among Albanian businesses

digital connectivity does not necessarily translate into substantive Al
| et al., 2026; OECD, 2026). This distinction is particularly relevant to specialized

accounting and financial reporting.

gdress this gap, the study proposes the Digital Illusion Framework, which distinguishes
digital transformation, Al readiness, substantive Al adoption, and financial reporting
gparency. The framework suggests that digitalization creates enabling conditions for Al adoption,
but transparency benefits depend on the depth and quality of implementation, including data quality,
organizational readiness, human capital, governance, explainability, and human oversight (Astika et al.,

2026; Abdo-Salloum & Chehade, 2026).

In the Albanian context, Digital Illusion refers to the possibility that visible digital progress may

develop faster than substantive Al adoption within specialized professional functions. This concept does
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not imply that Albania's digital transformation is superficial; rather, it highlights the need to distinguish

between digital infrastructure, Al readiness, and actual Al integration.

The study contributes by connecting Al adoption, digital transformation, and financial reporting
transparency within an emerging-economy context that remains relatively underexplored. Its main

contribution is conceptual rather than statistical, providing a basis for future empirical research in
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ABSTRACT

management tools. In recent years, the expansion of digital financial servic

electronic payments, and digital lending platforms, has created ngywopportuniti

Agriculture remains one of the most important sectors of the Albanian economy, contributing

significantly to employment, rural livelihoods, and food security. Despite its socio-economic
importance, the sector continues to face structural constraints, including fragmented landholdings,
limited access to financial services, low investment capacity, technological gaps, and vulnerability to
climate-related risks. These challenges have constrained agricultural productivity and the
competitiveness of Albanian farms, particularly among smallholder producers who dominate the

agricultural landscape. Enhancing productivity has therefore become a strategic priority for achieving
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sustainable rural development and supporting Albania's integration into the European Union. Access to
appropriate financial services has long been recognized as a key driver of agricultural development.
Financial inclusion, defined as the availability and effective use of affordable financial products and
services by individuals and businesses, enables farmers to mobilize savings, obtain credit, manage
production risks, and invest in productivity-enhancing technologies. Improved access to finance allows
agricultural producers to purchase high-quality inputs, adopt modern irrigation systems, mechanize
production processes, and diversify their activities, ultimately contributing to higher yields and
increased farm income. However, financial exclusion remains a persistent challenge in many developing
and transition economies, where rural populations often face barriers related to geographical distance,
high transaction costs, insufficient collateral, and limited financial literacy. In recent years, digital
finance has emerged as a transformative instrument for expanding financial inclusion and improving the
efficiency of financial service delivery. The rapid diffusion of mobile banking, digital payment systems,
electronic wallets, online lending platforms, and other financial technologies (FinTech) has reduced
traditional barriers to accessing financial services. Digital financial services enable faster, cheaper, and
more transparent financial transactions while facilitating access to credit, insurance, savings products,
and government support schemes. For agricultural producers, digital finance offers opportunities to
reduce transaction costs, strengthen market participation, improve cash-flow management, and increase
resilience to economic shocks. Consequently, digital finance has become an important component of
sustainable agricultural transformation, particularly in developing countries where conventional banking
infrastructure remains limited. The relationship between financial inclusion, digital finance, and
agricultural productivity has attracted increasing attention in recent years. Existing empirical studies
generally suggest that greater financial access encourages farm investment, technology adoption, and
productivity growth. Likewise, digital financial services have been associated with improved resource
allocation, greater market efficiency, and enhanced financial resilience among rural households.
Nevertheless, empirical evidence remains mixed due to differences in institutional environments,
financial infrastructure, levels of digitalization, and socio-economic characteristics across countries.
Moreover, much of the existing literature focuses on large developing economies in Asia and Africa,
while relatively little evidence is available for transition economies in the Western Balkans. Albania
represents a particularly relevant context for investigating these relationships. Although the country has
experienced considerable progress in financial sector development and digital transformation over the
last decade, important disparities persist between urban and rural areas in terms of access to financial
institutions and digital financial services. Small-scale farmers continue to rely heavily on informal
financing, while the adoption of digital banking and electronic payment systems remains uneven across
agricultural regions. Understanding whether improved financial inclusion and digital finance contribute
to agricultural productivity is therefore essential for designing effective rural development policies and
strengthening the resilience and competitiveness of the Albanian agricultural sector. This study

addresses this research gap by examining the impact of financial inclusion and digital finance on
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agricultural productivity in Albania. Using primary survey data collected from 207 farmers across the
regions of Kor¢é and Divjaké, the study investigates how access to financial services, the use of digital
financial instruments, and farmers' financial capabilities influence agricultural performance. Unlike
previous studies that primarily examine financial inclusion in isolation, this research jointly considers
traditional financial access and digital financial services within a unified analytical framework. By doing
so, it provides a more comprehensive understanding of the mechanisms through which financial
development influences agricultural productivity in a transition economy. The findings of this research
contribute to both the academic literature and policy discussions. From a theoretical perspective, the
study expands existing evidence on the role of inclusive and digital financial systems in promoting
agricultural development within emerging economies. From a practical perspective, the results provide
valuable insights for policymakers, financial institutions, and development agencies seeking to design
policies that enhance financial inclusion, promote digital financial innovation, and improve agricultural
productivity in Albania. Ultimately, strengthening financial inclusion and accelerating the adoption of
digital financial services can play a crucial role in fostering sustainable agricultural growth, increasing

rural incomes, and supporting long-term economic development.

2. LITERATURE REVIEW

When Financial inclusion has become a central pillar of sustainable development and inclusive
economic growth, particularly in developing and transition economies where agriculture remains an
important source of employment and income (World Bank, 2022). It refers to the availability,
accessibility, and effective use of affordable financial products and services, including savings, credit,
insurance, and payment systems, provided in a responsible and sustainable manner. Financial inclusion
enables farmers to mobilize financial resources, invest in productive assets, manage risks, and improve
household welfare. Several theoretical perspectives explain the relationship between financial inclusion
and agricultural productivity. According to the credit constraint theory, farmers with limited access to
formal financial services are unable to invest optimally in agricultural production because of liquidity
shortages (Stiglitz & Weiss, 1981). Similarly, financial intermediation theory argues that efficient
financial markets facilitate capital allocation toward productive investments, thereby stimulating
economic growth and agricultural modernization (Levine, 2005). Empirical evidence generally supports
these theoretical arguments. Awotide et al. (2015) found that access to formal credit significantly
increased cassava productivity among Nigerian smallholder farmers by facilitating investment in
improved inputs and production technologies. Similarly, Kumar et al. (2023) concluded that financial
inclusion contributes to agricultural growth through increased access to agricultural loans, savings
products, and insurance services. Financial services reduce production risks, improve -capital
accumulation, and enable farmers to adopt modern technologies that increase productivity. Recent
literature also recognizes that financial inclusion extends beyond access to credit. Comprehensive

financial inclusion includes payment systems, savings instruments, agricultural insurance, and financial
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advisory services, all of which strengthen farmers' resilience against market and climate shocks while
supporting long-term agricultural development (Aggarwal et al., 2026). Digital finance has transformed
financial service delivery by integrating financial products with digital technologies such as mobile
banking, electronic payments, digital wallets, online lending platforms, and financial technology
(FinTech). Digital financial services significantly reduce transaction costs, improve accessibility,
enhance transparency, and facilitate financial inclusion among previously underserved populations
(Ogzili, 2018). The agricultural sector has particularly benefited from digital financial innovation because
rural populations traditionally face geographical and institutional barriers to accessing formal financial
institutions. Mobile financial services allow farmers to receive payments, purchase agricultural inputs,
access credit remotely, and participate more efficiently in agricultural markets. Several empirical studies
demonstrate the positive effects of digital finance on agricultural productivity. Zhang et al. (2025)
reported that digital financial inclusion promotes agricultural productivity primarily by alleviating credit
constraints and facilitating access to both formal and informal financial services. Digital financial
services also improve resource allocation and encourage the development of family farms and
agricultural enterprises. Similarly, Kitoto (2024), analysing panel data from eighteen Sub-Saharan
African countries, concluded that digital financial inclusion significantly increases agricultural
productivity through wider adoption of mobile financial services. The study emphasizes that digital
payment systems and mobile money facilitate investment decisions and improve production efficiency
by reducing transaction costs. Despite these benefits, digital finance adoption remains constrained by
limited digital infrastructure, inadequate internet coverage, low digital literacy, cybersecurity concerns,
and unequal access to smartphones, particularly in rural areas. These challenges continue to limit the
potential benefits of digital financial services in many developing economies (Akzar et al., 2024). Recent
literature increasingly views financial inclusion and digital finance as complementary rather than
independent drivers of agricultural productivity. Financial inclusion expands farmers' access to financial
resources, whereas digital finance enhances the efficiency, affordability, and accessibility of those
services. Together, these mechanisms improve investment decisions, reduce financing costs, and
strengthen farmers' resilience against production risks. Research suggests several mechanisms through
which financial inclusion and digital finance influence agricultural productivity. First, improved access
to credit enables farmers to purchase machinery, irrigation systems, fertilizers, improved seeds, and
other productivity-enhancing inputs. Second, savings products facilitate capital accumulation and
improve financial resilience during adverse production seasons. Third, agricultural insurance
encourages investment in higher-value agricultural activities by reducing production uncertainty.
Finally, digital financial services reduce transaction costs, improve market access, and facilitate
participation in agricultural value chains (Aggarwal et al., 2026). Studies from China further indicate
that digital finance indirectly increases agricultural productivity by promoting technological innovation,
improving financial accessibility, and stimulating regional economic development (Chen et al., 2025).

However, empirical findings remain heterogeneous across countries because the effectiveness of
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financial inclusion depends on institutional quality, financial infrastructure, digital readiness, education
levels, and public policy support. Consequently, country-specific evidence remains essential for
understanding how financial inclusion affects agricultural performance. Although research on financial
inclusion has expanded considerably in Albania during the past decade, empirical studies focusing
specifically on agriculture remain relatively limited. Albanian agriculture is characterized by fragmented
landholdings, limited collateral availability, relatively low financial literacy, and restricted access to
formal financial institutions. These structural characteristics limit farmers' investment capacity and
constrain agricultural productivity. Recent evidence from Albania indicates that financial literacy is one
of the strongest determinants of financial inclusion among farmers. Using survey data from 207 farmers
in Kor¢é and Divjaké, (Gjoni et al., 2026) found that financially literate farmers exhibit significantly
higher levels of financial inclusion and greater use of formal financial services. Complementary research
based on interviews with financial institutions demonstrates that limited availability of specialized
agricultural financial products and conservative lending practices continue to restrict farmers' access to
finance in Albania. The authors argue that stronger cooperation between financial institutions and
agricultural producers is necessary to improve financial inclusion and promote sustainable agricultural
development (Gjoni et al., 2026). At the regional level, Gashi and Jupe (2025) reviewed evidence from
the Western Balkans and concluded that inadequate agricultural financing, land fragmentation,
institutional weaknesses, and limited investment remain the principal barriers to productivity growth.
The review emphasizes that strengthening financial inclusion and expanding digital financial services
should become strategic priorities for agricultural policy across the region. Nevertheless, empirical
evidence examining the combined impact of financial inclusion and digital finance on agricultural
productivity in Albania remains scarce. Most existing studies investigate financial literacy, access to
finance, or institutional barriers separately, while few simultane The existing literature clearly
demonstrates that financial inclusion and digital finance contribute to agricultural development by
reducing financial constraints, facilitating investment, and promoting technological adoption.
Nevertheless, three important research gaps remain. First, most empirical studies analyse financial
inclusion and digital finance independently, despite their complementary roles in improving agricultural
performance. Second, evidence from transition economies, particularly the Western Balkans, remains
considerably more limited than that from Asia and Sub-Saharan Africa. Third, within the Albanian
context, there is little empirical evidence examining the direct relationship between financial inclusion,
digital finance, and agricultural productivity at the farm level. This study addresses these gaps by
analysing primary survey data collected from 207 farmers in the Kor¢é and Divjaké regions of Albania.
It develops an integrated framework that simultaneously examines financial inclusion and digital finance
as determinants of agricultural productivity, thereby contributing new evidence to the literature on

sustainable agricultural development in transition economies.

3. RESULTS
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The survey findings indicate that financial inclusion among Albanian farmers remains moderate,
while the adoption of digital financial services is still at an early stage. Most respondents reported having
access to at least one formal financial service, primarily a bank account. However, the use of more
sophisticated financial products, such as agricultural insurance, digital lending platforms, and electronic
payment systems, remained relatively limited. The majority of farmers continued to rely on traditional
banking services and cash transactions for their agricultural activities. Mobile banking was the most
frequently used digital financial service, whereas internet banking, electronic wallets, and online
agricultural payment systems were adopted by a considerably smaller proportion of respondents. These
findings suggest that although digital financial infrastructure has expanded in Albania, significant
barriers remain to the widespread adoption of digital finance in rural areas. Regarding farm
characteristics, most respondents operated small- and medium-sized farms, reflecting the fragmented
structure of Albanian agriculture. Farmers with higher educational attainment generally demonstrated
greater use of formal financial services and digital financial applications than those with lower levels of
education. The OLS regression results indicate that financial inclusion has a positive and statistically
significant effect on agricultural productivity. Farmers with greater access to formal financial services
reported higher levels of agricultural performance, suggesting that access to credit, savings, and other
financial products facilitates investment in productive agricultural inputs and technologies. Similarly,
digital finance exhibits a positive association with agricultural productivity. Farmers using digital
financial services—including mobile banking and electronic payment systems—were more likely to
report improvements in farm management, reduced transaction costs, and greater efficiency in financial
operations. Digital financial services also appeared to facilitate faster access to financial resources and
improve interactions with financial institutions. Among the control variables, education was positively
associated with agricultural productivity, indicating that more educated farmers are better able to utilize
financial resources and adopt improved agricultural technologies. In contrast, farming experience
exhibited a weaker relationship with productivity, suggesting that experience alone may not compensate
for limited financial access or technological adoption. Farm income showed a positive but relatively
modest contribution to productivity, while farm size and regional location displayed limited statistical
significance. Overall, the regression model supports the hypothesis that both financial inclusion and
digital finance contribute positively to agricultural productivity. These findings reinforce the argument
that improving farmers' access to formal financial services and promoting the adoption of digital
financial technologies can enhance investment capacity, increase production efficiency, and strengthen

the competitiveness of Albanian agriculture.

4. METHODOLOGY

This study employs a quantitative research design to examine the relationship between financial
inclusion, digital finance, and agricultural productivity in Albania. Primary data were collected through

a structured questionnaire administered to 207 farmers operating in the agricultural regions of Korgé
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and Divjaké. These regions were selected because they represent two of the country's most important
agricultural production areas, characterized by diverse farming activities, including crop cultivation,
horticulture, and livestock production. The survey was conducted through face-to-face interviews
between year 2025 and 2026. Farmers were selected using a purposive sampling approach, ensuring that
respondents were actively engaged in agricultural production. Participation was voluntary, and
respondents were informed about the confidentiality and anonymity of their responses. The
questionnaire consisted of four sections. The first collected demographic and farm characteristics,
including age, gender, education, farming experience, farm size, and annual agricultural income. The
second assessed financial inclusion by examining farmers' access to bank accounts, formal credit,
savings products, insurance, and other financial services. The third section evaluated the adoption of
digital financial services, including mobile banking, internet banking, digital payments, and electronic
money transfers. The final section measured agricultural productivity through indicators related to
production performance, investment, technology adoption, and perceived improvements in farm
efficiency. Data were analysed using the Statistical Package for the Social Sciences. Descriptive
statistics were first used to summarize the characteristics of the respondents and their level of financial
inclusion and digital finance adoption. Subsequently, Ordinary Least Squares (OLS) regression analysis
was employed to estimate the effect of financial inclusion and digital finance on agricultural productivity
while controlling for farmers' socio-economic characteristics, including education, farming experience,
farm size, income, and geographical location. Agricultural productivity was specified as the dependent
variable, while financial inclusion and digital finance represented the principal explanatory variables.
Education, farming experience, annual income, farm size, and region were included as control variables

to account for structural differences among farms.

5. CONCLUSION

The results are consistent with previous studies demonstrating that financial inclusion reduces
liquidity constraints and enables farmers to invest in productivity-enhancing technologies (Levine,
2005; Ozili, 2018). Likewise, the positive contribution of digital finance supports recent evidence
indicating that digital financial services improve financial accessibility, reduce transaction costs, and
facilitate participation in agricultural value chains (Zhang et al., 2025). For Albania, the findings suggest
that expanding digital financial infrastructure should complement traditional agricultural finance
policies. Strengthening financial literacy, increasing access to digital banking services, and developing
financial products tailored to agricultural producers could significantly improve agricultural

productivity and contribute to sustainable rural development.
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The complex interaction connecting currency market fluctuations to

assessment contrasts two primary framework: odel centered on flow-orientation, which argues

that currency fluctuations alter stock va ’ade competitiveness, and the portfolio-

literature. Rather tha oying econometric calculations, it synthesizes current conceptual models of
tric shock transmission, and causal directionality, mapping how distinct
By reconciling divergent theoretical arguments, this synthesis outlines the
through which exchange rate volatility interacts with domestic market trust.
tematic overview provides vital conceptual and operational insights for managing
gzards, designing international investment portfolios, and calibrating monetary policy in

ation developing economies navigating structural transformations.
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1. INTRODUCTION

The structural transmissions, dynamic interactions, and feedback mechanisms between foreign
exchange regimes and equity markets represent a principal area of inquiry within modern financial
economics. For an open emerging economy like Tiirkiye, evaluating how currency shocks affect stock
returns is of vital importance. The interaction between these asset classes shapes macroeconomic
stability, investment behaviors, and the transmission of central bank monetary policy. This ghapter
develops a systematic, theoretically grounded literature review, focusing on the Borsa n
Shares Index (XUTUM) to provide a comprehensive, market-wide assessment of equitygide r@§pon

to currency fluctuations in the Turkish financial landscape.

roskedasticity with
Dynamic Conditional Correlation (GARCH-DCC) framewark. ] ce’ econometric model is
essential for distinguishing short-run transitory vol from persistent, long-run

cointegrated equilibrium relationships within the Turkish

To prevent descriptive fragmentationflfthe eratur$is organized thematically rather than
chronologically. Reviewed studies are ngd theoretical paradigms, causality directions,
cointegration evidence, and the presen ili smission between foreign exchange and stock

markets. This thematic structur;

Ultimately, this reviewg8tablishe

shocks onto the BISEAIl Sifares (XUTUM) index during the highly turbulent 2022—-2026 window.

LE: THE BIST ALL SHARES (XUTUM) INDEX, GARCH-DCC,

tle analysis of exchange rate volatility transmissions in Tiirkiye.

Furthermore, multivariate GARCH models require broad-based equity aggregates for parameter
consistency and statistical efficiency. The BIST All Shares (XUTUM) Index serves as an exceptional
proxy for the Turkish equity market, integrating a highly diversified set of publicly traded corporations
across various sectors and market capitalizations. Unlike narrow sector indices that are susceptible to

idiosyncratic shocks, the XUTUM index captures systemic risk and generalized market fluctuations.
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This comprehensive structure mathematically bolsters the parameter consistency and explanatory power

of the DCC framework.

Concurrently, the confluence of daily data and the broad-based index minimizes standard errors,
reinforcing the predictive robustness of modeled volatility forecasts. The high-frequency sampling
provides sufficient data points to ensure maximum likelihood convergence, while the index's
diversification filters out asset-specific noise, allowing the model to focus on macro-level sysf€matic
linkages. Consequently, this precise alignment establishes a mathematically stable,

defensible framework for analyzing currency contagion in Tiirkiye.

3. THEORETICAL FRAMEWORK: EXCHANGE RATE VOLATIL K
MARKETS

The dynamic relationship between foreign exchange and equity marketslis agentral pillar of

financial economics. For an emerging market like Tiirkiye, whichg

and capital flows, understanding how currency shocks trans
importance. This review is anchored in the foundation;
Irving Fisher, John Maynard Keynes, Eugene Fama, arkowitz, James Tobin, Rudiger

Dornbusch, Robert Engle, and Clive Grange synthesi®

through current ac and trade balance channels. Exchange rate movements alter firm
costs, and export profit margins, which are subsequently capitalized into
reciation enhances export competitiveness and export revenues in local
t in net-importing and import-dependent developing economies like Tiirkiye,
es imported intermediate and raw material costs, compressing corporate margins and

stock prices.

onversely, the Stock-Oriented (Portfolio Balance) Model, associated with Branson et al. (1977),

son (1983), and Frankel (1983), reverses this causality direction, focusing on capital accounts and
portfolio reallocations. Rising domestic stock prices attract foreign portfolio inflows, increasing demand
for the local currency and causing appreciation. Declining equity returns trigger capital outflows, as
global portfolio managers liquidate holdings and convert capital back to foreign denominations, causing
currency depreciation. Additionally, the Arbitrage Pricing Theory (APT) treats exchange rates, interest

rates, and inflation as co-determining systematic risk factors, whereas the Asset Market Model of
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Frenkel (1976) treats the exchange rate as an asset price driven by independent expectations. Empirical

findings for Tiirkiye reflect this theoretical ambiguity. Studies such as Cigir (2023) and Gasimova

(2021) find evidence consistent with the Flow-Oriented Approach, where currency depreciation has a

positive impact on stock indices. In contrast, Demir (2020) and Yurttangikmaz (2012) document a

negative relationship, aligning with the Portfolio Balance model and highlighting the adverse cost-push

effects of depreciation in an import-dependent economic structure.

to Equity Valuations

Table 1. Theoretical Frameworks and Transmission Channels Linking Exchange Rﬂ

Theoretical Approach

Direction of

Causality

Core Mechanism

Flow-Oriented
(Traditional)

Exchange Rate —

Stock Prices

Trade Competitiveness, C

Flows, Input Costs

Expected Stock Market

Response

Portfolio Balance (Stock)

Stock  Prices —

Capital Accouyas

Boom — Lira

’Appreciation

Exchange Rate
Monetary/Financial Bidirectional Balanc
Channel (Exchange Rate < | Financi

Stock)

Volatility Amplification
& Contagion

Nonlinear & Asymmetric

State-Dependent
Regime-Sp

Ri Perc‘tion, Systemic

Policy ertainty

Asymmetric, State-

Dependent Responses

3.1. Macroeconomic an

conometrigC

ributions of Key Scholars

at nominal interest rates adjust to expected inflation differentials,

al markets are driven by the expectations, risk appetites, and "animal spirits" of economic agents.

uating Turkish Lira and BIST volatility, Keynesian uncertainty explains why markets frequently

overreact to macroeconomic shocks. During the 2022-2026 window of intense policy transition,

currency instability heightens systemic uncertainty, prompting investors to demand larger risk premiums

and triggering capital flight, which simultaneously drives down stock prices and depreciates the local

currency.
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Eugene Fama's Efficient Market Hypothesis (EMH) provides the mechanism through which
macroeconomic shocks are rapidly assimilated into asset valuations. Fama argued that stock prices
reflect all available, relevant market information, acting as unbiased estimates of expected corporate
profitability. For the BIST All Shares (XUTUM) index, which contains the most liquid and large-cap
Turkish firms, EMH dictates that stock prices adjust rapidly and continuously to daily fluctuations in
the USD/TRY and EUR/TRY exchange rates. A sudden exchange rate shock—such a
depreciation—is immediately evaluated by rational investors who re-examine corporate balanc
and future cash flows, driving the index to a new equilibrium. High-frequency daily dataifs esSent
capture this rapid adjustment, which would be smoothed out and lost in low-frequ€ncy @ont

observations.

Lira introduces severe currency risk. To maintain their p3
either demand higher equity returns or liqui eir BI

directly to stock market sell-offs.

James Tobin expanded portfoli

investors liquidate ho and convert wealth back to foreign exchange, causing the Lira to depreciate,

proving that enc d stock markets are bound in a continuous capital rebalancing feedback

loop.

ortf@hio models focus on the capital account, Rudiger Dornbusch provided the definitive
k for the current account transmission. Dornbusch's Flow-Oriented approach models how
te fluctuations alter trade balances and export competitiveness. This theory explains the
tial impacts of USD/TRY and EUR/TRY on the BIST All Shares (XUTUM) index. For export-
ted firms (predominantly exporting to the Eurozone), Lira depreciation against the Euro (rising
EUR/TRY) inflates export revenues and boosts stock prices. In contrast, for firms reliant on imported
raw material and energy inputs (typically priced in USD), Lira depreciation against the Dollar (rising
USD/TRY) drives up input costs, compressing margins and depressing stock returns. Furthermore,

Dornbusch's work on expectations and 'overshooting' explains why short-term asset prices display

excessive volatility in response to sudden monetary policy adjustments.
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Empirically measuring these theoretical transmission channels requires advanced time-series
econometrics. Clive Granger fundamentally altered the field by formulating the concepts of
cointegration and Granger causality. Before Granger, empirical research often suffered from 'spurious
regression’ when evaluating non-stationary variables. Granger's cointegration tests allow researchers to
determine if the BIST All Shares (XUTUM) and exchange rates share a genuine, long-run equilibrium
despite short-run transitory deviations, while Granger causality tests identify the directi f
informational flow, showing whether shocks originate in the currency market (Flow-OrientedYgor,

stock market (Portfolio Balance).

However, measuring causality depends on modeling conditional volatility.

exhibit volatility clustering, violating the constant variance assumption of linear 1

pioneered the Autoregressive Conditional Heteroskedasticity (ARCH) met

as a time-varying condition dependent on past shocks. For cross-market risk tr: igsion, univariate
models are insufficient, leading Engle to develop the Dynamic C ional Correl@g@on (DCC) GARCH
framework. The DCC model allows the correlation between the d e’hange rates to fluctuate

continuously over time, capturing how market integratioy ifies durigg policy shifts and crises.

A rigorous literature review must synthesize these isolg €ories into a cohesive argument.

4. EMPIRICAL EVIDENCE: TURKISH AND GEOBAI4PERSPECTIVES

The international empirical liter eign exchange and stock market interactions

in emerging markets documents_significant rogeneous volatility spillovers and cross-market

integration.

The empirical lit

re foc88ing on Tiirkiye presents a rich and multifaceted body of evidence.

A key recurr g is the dominance of the USD/TRY exchange rate over the Euro/TRY

parity in explaiging sto arket movements.

At the se 1lmaz and Giizel (2021) provided a critical currency distinction using Panel

, sectoral input structures and firm-level hedging mechanisms play a decisive role.

mpirical Studies on Emerging Markets

The structural and dynamic interdependence between foreign exchange and stock markets is a
core research area within emerging market financial economics. Emerging market economies are
characterized by high capital mobility, chronic current account imbalances, and frequent exposure to
external and domestic shocks. Within this context, Tiirkiye represents a critical and illustrative case due

to its floating exchange rate regime, high level of liability dollarization, and structural reliance on foreign
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capital. Since the early 2000s, Borsa Istanbul—particularly the BIST All Shares (XUTUM) index—has

exhibited intense sensitivity to Lira fluctuations against the USD and Euro.

Table 2. Comparative Synthesis of International Methodological Approaches and Cross-Market

Linkages

Author(s) / Year Market Context Methodology Core Empirical Findings
Bekaert & Harvey (1995) 20 Emerging | Time-varying Partial segmentation;

Markets integration wide crisis sensitivity.
Kanas (2000) Emerging Markets EGARCH Model
Carrieri et al. (2007) Emerging Markets Conditional ICAPM
Aydemir & Demirhan | Tiirkiye Toda-Yamamoto
(2009)
Reboredo et al. (2016) Emerging Markets Copula-CoVa oﬁside risk  spillovers

ominate upside risk.
Cevik (2024) Tiirkiye Johanse Exchange rates drive inflation;
BIST acts as inflation hedge.

¢

Empirical findings across emerging m

increasingly employ non-linear, regime-switching, and quantile-based

ing models demonstrate that the currency-equity relationship intensifies

Ao v-swi
during high-v i

ptation in 20 emerging markets, noting that liberalization increased comovement but did not
ate idiosyncratic risks. Subsequently, researchers integrated volatility transmission. Kanas (2000),
using EGARCH models, identified unidirectional volatility spillovers from exchange rates to stock
returns during turbulent periods. Carrieri et al. (2007), using a conditional ICAPM, demonstrated that
exchange rate risk is actively priced in emerging equity returns, unlike in developed markets. More

recently, Bahmani-Oskooee and Saha (2015) applied panel NARDL models, identifying asymmetric
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stock responses to currency fluctuations and proving that methodological advancements are essential to

capture the complex, state-dependent dynamics of emerging markets.

5. SHORT-RUN AND LONG-RUN DYNAMICS OF CURRENCY SHOCKS IN TURKIYE

The short-run impact of currency fluctuations on Borsa Istanbul's benchmark index (BIST All
Shares - XUTUM) remains a highly contested issue in the Turkish financial literature. E

findings vary based on the theoretical framework, econometric design, observation period, and

composition. In contrast to stable long-run cointegrated comovements, short-run amic
characterized by asymmetry, state dependency, and frequent statistical insignificance, Yefledfing

structural complexity of the Turkish economy.

Two primary paradigms shape this debate. The Flow-Oriented (T
developed by Dornbusch and Fischer (1980), suggests that appreciation h
by reducing international price competitiveness, depressing stogkuggri
Balance (Stock-Oriented) Model of Branson et al. (1977) and B @

dionals magfoeconomic stability, policy

from stock returns to exchange rates, where a strong cu
credibility, and investor confidence. A third perspective, Hig arket Approach, suggests that the

currency-equity relationship may be weak or drj

Lira appreciation dampens returns. Other studies find no statistically

that imported input advantages and competitive disadvantages offset each

driven by cost-reduction and investor confidence. Agrawal (2010) and Yau and Nieh (2006)

i that in import-dependent economies like Tiirkiye—where approximately 75% of imports are
USD-denominated intermediate goods—Lira appreciation significantly lowers production costs,
boosting corporate profit margins and stock returns. El-Diftar (2023), examining E7 economies, finds
that currency appreciation is perceived positively by global investors, attracting foreign capital. Mechri
et al. (2018) similarly show that exchange rate stability supports returns by mitigating macroeconomic

uncertainty. Yurttangikmaz (2012), Gengtiirk (2009), and Belen and Karamelikli (2016) also document
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negative relationships between exchange rate levels and BIST returns, implying that appreciation
stimulates equity markets, while Alimi and Adediran (2023) note that under high inflation and systemic

uncertainty, stock prices and exchange rates may move in the same direction.

Regarding short-run depreciation, the dominant empirical consensus converges on a highly
significant, negative short-run impact of currency depreciation on BIST All Shares (XUTUM) returns.
This is primarily driven by the cost-push channel of Tiirkiye's import-dependent production stfifcture.

Early studies by Aktas et al. (2018) and Belen and Karamelikli (2016) show that exchan

returns, depreciation significantly enhances conditional volatility. Guler

GARCH model, and Oztiirk (2007) demonstrate a pronounceg

induced correlation spikes are temporary.

Short-run depreciation pressures typic ist for approximately one month before partial

stabilization occurs (Kartal et al., 2022), act is mghly regime-dependent (Gokmenoglu et

Giizel (2021) highlight reciation negatively affects stock indices while Euro depreciation
has different impac et
levels and stationar st differences, I(1), necessitating cointegration and VECM econometric

frameworks.

ong“Run Effects of Currency Shocks

relationship between exchange rates and the BIST All Shares (XUTUM) is a central
Turkish financial economics. The prevailing conclusion is that currency appreciation is
ted with higher long-run stock returns, driven by reduced import costs and improved corporate
bility. Cakir (2020, 2021) shows that long-run appreciation positively affects XUTUM and BIST-
30 indices, attributing this to Tirkiye's net-importing manufacturing structure. El-Diftar (2023)
corroborates this for E7 countries, arguing that appreciation signals policy credibility and
macroeconomic stability, which attracts foreign portfolio inflows. Cointegration-based studies (Akel
and Gazel, 2014; Yilmaz, 2006, Kasman, 2003; Acikalin et al., 2008) identify stable, long-run

equilibrium relationships, indicating that both markets share a common stochastic trend.
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However, some studies fail to identify long-run cointegration or find that appreciation harms
export-oriented sectors by reducing price competitiveness. Bahmani-Oskooee and Domac (1997), iscan
(2011), and Benli (2015) find no stable long-run relationship, concluding that the interaction is
predominantly short-term and shock-driven, while Eyiiboglu and Eyiiboglu (2018) show that
appreciation negatively affects export-intensive sectors like textiles. Sectoral heterogeneity and
exchange-rate denomination further complicate this, where USD/TRY typically has a negative 1 n

impact, while Euro/TRY exhibits positive export-revenue-driven relationships (Yilmaz and

2021). Volatility spillovers are also highly significant (Mwambuli, 2016; Basarir, 201

Parlayan, 2024), indicating that currency market uncertainty has predictive power Qe

ains. GO

herdice, an@pAslan

e industrial and service-sector effects from real depreciation, reflecting the
structure of the Turkish corporate sector.
d Analogical Framework and Conceptual Interpretations

hese divergent short-run and long-run findings, the literature utilizes several

conceptual and analytical analogies.

Iternatively, the BIST All Shares (XUTUM) can be viewed as a factory operating within an

-dependent economy, while currency appreciation functions as a reduction in raw material costs.

From a behavioral and mechanical perspective, the interaction resembles two dancers responding
to shifting musical tempos, where abrupt changes trigger herding behavior, amplifying short-run

deviations, while long-run VECM cointegration reveals their underlying, synchronized trajectory.

Finally, the mechanical interaction can be conceptualized through a piston engine.
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6. GAPS IN EXISTING LITERATURE AND METHODOLOGICAL CONTRIBUTIONS

A systematic analysis of the academic literature reveals several distinct research gaps concerning
the exchange rate-stock market relationship in Tirkiye. First, there is a pronounced temporal gap.
Almost all empirical studies conclude their datasets prior to 2022. This represents a major empirical

blind spot because the 20222026 period constitutes a unique macroeconomic regime in Tiirkiye,

affects large-cap, highly liquid firms differently from the wide

currency composition gap persists: research heavily priogiti \%latility, neglecting the

ration with the Euro Area.

anotable absence of forward-looking conditional

ev uging both the XUTUM and BIST National

nivariate models capture isolated asset volatility, they cannot evaluate cross-market risk

overs, necessitating multivariate extensions.

Early multivariate models like the BEKK-GARCH are theoretically robust but suffer from the
'curse of dimensionality,’ where parameters grow exponentially, causing maximum likelihood
convergence failures. The Constant Conditional Correlation (CCC) MGARCH model (Altun, 2020)

bypasses this but assumes static correlations over the sample period. As Gayaker (2025) argues, this
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static assumption is invalid for emerging markets like Tiirkiye, where relationships are highly fluid and
prone to structural shifts and 'inverse correlation' effects during crises. To resolve these limitations, this
thesis deploys Engle's (2002) Dynamic Conditional Correlation (DCC) GARCH model, which uses a
two-stage maximum likelihood estimation process. It captures time-varying conditional correlations that

adjust to policy shifts, as demonstrated by Bostanci and Dogru (2023) and Sobac1 (2014).

Furthermore, we address key econometric vulnerabilities. Bad news has a significantl

volatility impact than good news in Tiirkiye (Mujaddadi and Sonmezer, 2025; Guler, 202

(Abdul-Rahman and Kaplan, 2024), we utilize daily closing data, which providg¢§ thegoptimal balance

by capturing rapid shock adjustments while avoiding the micro ral noise traday estimates.
This robust methodology delivers a highly precise empirical as c@ency contagion during

the post-2022 orthodox policy transition.

7. CONCLUSION

asymmetry, regime-depe

Flow-Oriented Apprg

confirming that c cydepreciation severely compresses profit margins in import-dependent

industries ock- ted Portfolio Balance Approach highlights capital accounts and investment

, proving that stock prices also drive currency demand during periods of

glon of Euro-denominated fluctuations, and the implementation of a unified DCC-GARCH and
VECM framework represent essential frontlines for empirical advancement. Our proposed methodology
directly addresses these vulnerabilities by accounting for volatility clustering, leverage effects, and non-

Gaussian fat-tailed distributions, ensuring that estimators remain efficient and unbiased.

Ultimately, this systematic literature review confirms that currency and equity markets in Tiirkiye

do not operate in isolation. Rather, they are structurally bound through trade channels, portfolio
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decisions, and policy interventions. Understanding the exact pathways through which currency shocks
propagate is essential for maintaining portfolio efficiency and designing robust macroeconomic policies.
This chapter establishes the robust theoretical, conceptual, and empirical framework required to interpret
the empirical findings in the subsequent stages of this thesis, providing a comprehensive foundation for

analyzing the dynamics of Turkish financial markets during a pivotal era of economic rebalancing.

=
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THE ROOTS OF HOPE: A MICROECONOMETRIC ANALYSIS OF PERSONAL AND
ECONOMIC FACTORS

Dr. Cemal OZTURK"

ABSTRACT

Understanding what sustains hope for the future matters for individual well-being

resilience, particularly in developing economies under prolonged economic stress.

whether objective economic shocks or subjective satisfaction better accounts for g

against 3.5 percent for an actual income decrease. Effect.

the bottom of the distribution, while health satisfaction a A ains drive the top. More-educated

respondents report systematically lower hope.
Keywords: Hope, Partial Proportional Od; apley Val eﬁecomposition, Subjective Well-Being,
Tiirkiye.

JEL Codes: 131, D84, C45.

1. INTRODUCTION

Hope for the re oggupies a peculiar place in social science. Psychologists treat it as a cognitive
resource that mobili oal-directed action (Snyder et al., 1991; Snyder, 2002), while welfare
fo

economists re d-looking complement to current life satisfaction, useful for anticipating
olitical behaviour (Diener et al., 1999; Frey & Stutzer, 2002). Across both
ical regularity has accumulated: people who expect better days are more likely to
and cooperate, even when their current conditions are objectively unfavourable
& Castriota, 2010). What is less settled is the relative weight that different life domains carry
ing that expectation, and whether the picture drawn from objective shocks aligns with the picture

from subjective perceptions.

The Turkish setting offers a sharp test bed. Year-on-year consumer price inflation stood between
roughly 44 and 65 percent at successive year-ends from 2022 to 2024 before easing through 2025, and
household purchasing power eroded over multiple cycles of currency depreciation (World Bank, 2024;

OECD, 2025). Against that macro backdrop, the 2024 Life Satisfaction Survey of the Turkish Statistical

* Department of Economics, Igdir University, Igdi/ Tiirkiye, E-mail: cemal.ozturk@igdir.edu.tr.
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Institute reports that 64.3 percent of adults still describe themselves as hopeful about the future (Turkish
Statistical Institute [TurkStat], 2025). Two questions follow. Why does roughly two-thirds of the
population remain forward-looking under such pressure, and once the household-level micro-data are

opened up, which experiences and perceptions carry the heaviest weight in that figure?

Answering the second question well turns out to depend on three modelling choices that are easy
to make badly. The first is measurement scale: marital status and employment status are mal

categories, and treating them as equally spaced numeric scales imposes an ordering the

the substantive conclusions turn out to depend on them.

Standard regression interpretations also rely on coeffici -statistics; both are

sensitive to multicollinearity and scaling, and neither clean w%uch of the variation a

to be correlated (income

employment status), this conditions the ans the very (uestion being asked. Shapley value

decomposition (LMG method) addresses j

The remainder of the paper is organised as follows. The second section reviews the relevant
literature. The third introduces the data, the sampling weights, and the variable construction. The fourth

describes the methodology. The fifth presents and discusses the results. The sixth concludes.
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2. LITERATURE REVIEW

2.1. Hope, Optimism, and Subjective Well-being

The modern measurement of hope rests largely on Snyder et al. (1991), who reconceptualised it
as a cognitive set built around two interacting components: agency, the perceived capacity to initiate
and sustain goal-directed action, and pathways, the perceived capacity to construct routes to thos

Subsequent work refined the construct (Snyder, 2002) and embedded it within the broader suljjec

well-being literature, where it sits alongside life satisfaction and positive affect as pa

participation, even after current income is controlled for (Frey & Stutzer,

How economic conditions shape that forward-looking dimension has®een for nearly half

a century. Easterlin (1974) argued that, beyond a basic threshold ained inco owth does not lift

currency devaluation in Botswana
antly negative effect of the shock on
reported subjective well-being. What is less agi@ed up@n is whther such an effect runs primarily through

the objective event itself or through thefCrcSptions ustments that follow it.

2.2. Ordinal Models andghe Proporti@inal®odds Restriction

Ordered outcomes i research are conventionally modelled with the ordered logit, which

o lofiger guaranteed to be monotone, so fitted probabilities must be inspected.

2.3. Shapley Value Decomposition in Econometrics

The use of Shapley values to allocate explained variance among correlated predictors traces back
to Lindeman et al. (1980), whose LMG metric averages the marginal contribution of each regressor over
all permutations. The properties of the decomposition were formalised by Lipovetsky and Conklin

(2001) and Groémping (2007), and the technique has become a standard tool in regression-based
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importance analysis. Its advantage over conventional t-statistics or standardised betas is that the resulting
weights are robust to the order of variable entry and sum exactly to the model's coefficient of
determination. Gromping (2007) also notes that when a construct is represented by several columns, the
decomposition should be computed over groups rather than individual columns, since otherwise a

categorical variable's importance is arbitrarily divided among its indicators.

2.4. Subjective Well-being in Tiirkiye

The Turkish literature on subjective well-being has grown alongside the

specifications. Hope-for-the-future is a routine item in the survey but is
outcome. The 2024 wave is particularly informative because it was admini

inflation and sustained monetary tightening following the mid-2023 shift in t

Central Bank, conditions under which the gap between obje

optimism becomes empirically visible (TurkStat, 2025; O,
3. DATA AND VARIABLES

3.1. Data Source, Sample and Weigh . 3

of the 2024 Life Satisfaction Survey (Yasam
Statistical Institute. The survey is a probability

gfing structure of the design; the reported standard errors are therefore likely to be mildly

gervative in the sense of understating design effects. This is stated as a limitation rather than resolved.

3.2. Dependent Variable

The outcome is hope for the future, captured by the survey item asking whether the respondent

feels hopeful about life in the period ahead. The original coding (1 = very hopeful, 4 = not hopeful at
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all) was reversed so that higher values denote greater optimism. The weighted distribution is shown in
Figure 1.
Figure 1. Weighted Distribution of Hope for the Future, Tiirkiye Life Satisfaction Survey 2024
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Source: Authors' calculations from the 2024 TurkStat Life Satisfaci Symicro-data, !eighted.

arital status, employment status and education level are entered as sets of indicator variables

rathef@ithan*as numeric scales, with never-married, employed and no-formal-schooling as the reference
ateg@ries. This matters substantively. Coding employment status as 1, 2, 3 would assert that the distance
em employed to has-a-job-but-not-working equals the distance from there to not-working, and coding
marital status as 1 to 4 would assert an ordering among never-married, married, divorced and widowed
that does not exist. Education is the one construct for which a linear trend is defensible, since its

categories are genuinely ordered; it is nonetheless entered as indicators in the main specification, and
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the linear-trend restriction is reported separately as a robustness check in Section 5.5. Figure 2 shows

the weighted prevalence of the binary events.

Figure 2. Weighted Prevalence of Economic and Life Events Reported in the Last Twelve
Months

Economic and life events in the last twelve months

(a) By gender (b) By debt status
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Source: Authors' calculations, weighted. Adverse an nguished by shading.

13.9 percent report stagsud@’to save. Figure 3 reports weighted mean hope by gender, debt status, health

satisfaction a
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Figure 3. Weighted Mean Hope by Gender, Debt Status, Health Satisfaction, and Income

Satisfaction
(a) By gender (b) By debt status
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gen@er gapﬁsappears entirely: mean hope is 2.59 for

Source: Authors' calculations, weighted. Hope is scored 1

Once the sampling weights are applied
both men and women. The debt gap i satisfaction gradients are steep, climbing by
roughly one point on the four-point hope scal jstaction moves from its lowest to its highest level.

These descriptive patterns motiwate the mode that follows.

4. METHODOLOG

4.1. Ordered and the Proportional-odds Restriction

ordinal outcome. The ordered logit specification assumes a latent linear
three estimated thresholds. The probability that respondent i falls into category j or

juation (1):
Pr(Y; < jlx;) = A(ty — x; ) (1

ere Y; is the hope category, x; the vector of covariates, 3 the parameter vector, 1; the cut-points,

(+) the standard logistic distribution function. The specification imposes proportional odds: the
effect of any covariate on the log-odds of being in a higher category is identical at every cut-point. This
restriction is tested with the Brant (1990) test, implemented with the full between-equation covariance
structure, Cov(bm, by) derived from the binary logits fitted at each cut-point. The test is applied at the
level of constructs rather than individual columns, so that a categorical variable is assessed jointly across

all of its indicators.
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4.2. Partial Proportional Odds Model

Where the restriction fails, the partial proportional odds model of Equation (2) relaxes it

selectively:
Pr(Y; < jlx;) = A(tj — x1:B — x3:)) 2

The covariates are partitioned into a set x: whose coefficients 3 are constrained to be equa S

cut-points and a set x> whose coefficients y; are free to vary by cut-point. Membership of x2 is det

ISI'AF]=IS]=1)!

@; = ZSEF\{i}T (R*(S U {i}) = R*(S)) (3)

e full set of constructs, S any subset not containing i, and R*(S) the weighted coefficient of

nation of the regression using the columns belonging to the constructs in S. Each categorical

fable enters as a single player together with all of its indicator columns, so that its importance is not
divided among its dummies. The decomposition is computed on a weighted linear-probability
approximation in which the four-category outcome is treated as numeric, because the coefficient of
determination is not defined for the ordinal model in the same way. This is a genuine limitation: the
ranking describes a linear approximation of the conditional mean, not the ordinal model itself, and it

should be read alongside the marginal effects rather than in place of them.
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5. RESULTS AND DISCUSSION

5.1. Testing the Proportional-odds Restriction

Table 1 reports the Brant test at the construct level. Eight of the sixteen constructs violate
proportional odds at the five-percent level: marital status, education level, age, taking on debt, income
increase, health problem, health satisfaction and income satisfaction. The two subjective satis n
measures, which turn out to be the dominant predictors, are both among the violators, so the resfkic
fails precisely where it matters most. Gender sits just above the threshold (p = 0.054) agff 1s t&at

proportional.

Table 1. Brant Test of the Proportional-Odds Assumption, by Constr

Construct © df p-val
Gender 5.85 2 0.054 ot rejected
Marital status 26.60 6 00 Rejected
Employment status 2.75 4 Not rejected
Education level 28.26 10 Rejected
Age 6.71 2 0.035 Rejected
Income decreased 0.94 2 ‘ 0.625 Not rejected
Lost job 2.87 2 0.238 Not rejected
Got into debt 8.75 2 0.013 Rejected
Savings decreased 4, 0.086 Not rejected
Switched to cheaper . 2 0.080 Not rejected
products
Income increased 8.59 2 0.014 Rejected
3.05 2 0.218 Not rejected
10.22 2 0.006 Rejected
1.39 2 0.498 Not rejected
7.28 2 0.026 Rejected
9.71 2 0.008 Rejected

Id statistics from the Brant (1990) test with the full between-equation covariance structure, computed at the construct level so that

categogl@al variables are assessed jointly across their indicators. The assumption holds if p > 0.05. Omnibus test: y*> =201.9, df =46, p <0.001.

5.2. Model Selection

Table 2 compares the three specifications. The likelihood-ratio test of the partial proportional
odds model against the ordered logit, which it nests, rejects the restriction decisively (y* = 175.9, df =
28, p <0.001). On the Akaike criterion the partial proportional odds model is preferred (17,595.4 against
17,715.2 for the ordered logit and 17,622.8 for the multinomial logit). On the Bayesian criterion, which
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penalises the twenty-eight additional parameters more heavily at this sample size, the restricted ordered

logit is preferred (17,901.3 against 17,981.7 and 18,137.9).

Table 2. Model Comparison (weighted, n = 9,462)

Specification Parameters Log-likelihood AIC BIC

Ordered logit 26 -8831.6 17,715.2 17,901.3
(proportional odds)

Partial proportional 54 -8743.7 17,595.4
odds
Multinomial logit 72 -8739.4 17,622.8

Note: The partial proportional odds model nests the ordered logit; the likelihood-ratio test between them gives
The multinomial logit is non-nested with respect to both and is compared by information criteria only.

ial proportional odds model

etained as a restricted reference.

fficients are constant across cut-points. Switching to

cheaper products carrie t negative effect in this group (p =—0.455, OR = 0.63, p <0.001),

might place among th ngest predictors are statistically indistinguishable from zero once satisfaction

1s controlled ua

Coefficient Std. error Odds ratio 95% CI
-0.085 (0.054) 0.919 [0.827,1.021]
has -0.302 (0.244) 0.740 [0.458, 1.194]
job, not working
Employment: not 0.274%** (0.059) 1.315 [1.172, 1.477]
working
Income decreased -0.043 (0.063) 0.958 [0.847, 1.084]
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Construct Coefficient Std. error Odds ratio 95% CI
Lost job -0.174 (0.114) 0.841 [0.673, 1.050]
Savings decreased -0.040 (0.054) 0.960 [0.864, 1.068]
Switched to cheaper -0.455%%* (0.061) 0.634 [0.562, 0.716]
products

Started saving 0.364*** (0.075) 1.440 [1.

Family death -0.021 (0.072) 0.979

Note: Coefficients constrained equal across all three cut-points. Linearised standard errors in parentheses. *** p < 0.0

0.10. Reference categories: male, never married, employed, no formal schooling.

Table 4 reports the constructs whose effects vary across cut-points, and this

model was concealing structure. Taking on debt reduces the odds of cle

Table 4. Partial Proportional

: Cut-Point-Specific Effects (weighted)

Construct

t 1: OR (SE

Cut 2: OR (SE)

Cut 3: OR (SE)

Marital status: married

9%* (0.121)

1.260%** (0.078)

0.612%%* (0.165)

Marital status: divorc

0.819)0.183)

0.747%* (0.141)

0.695 (0.330)

Marital status: wido

0.778 (0.235)

1.013 (0.146)

0.410%* (0.366)

0.591%** (0.172)

0.903 (0.103)

0.584%* (0.254)

0.548%** (0.204)

0.777** (0.124)

0.838 (0.279)

0.440%** (0.183)

0.755%* (0.114)

0.692 (0.274)

0.462%%* (0.188)

0.670%** (0.116)

0.535%* (0.280)

0.487** (0.287)

0.591*** (0.182)

0.339%* (0.452)

1.013#%* (0.004)

1.004 (0.002)

1.003 (0.005)

ot into debt

0.620%** (0.087)

0.714%** (0.059)

0.964 (0.134)

Income increased

1.257*% (0.111)

1.277%%% (0.072)

1.960%** (0.125)

Health problem

0.827% (0.111)

1.110 (0.081)

1.305 (0.208)

Health satisfaction

1.639%** (0.052)

1.719%%% (0.037)

2.197%%* (0.129)

Income satisfaction

1.819%%% (0.050)

1.729%%% (0.029)

1.437%%% (0.076)
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Note: Odds ratios, with the linearised standard error of the underlying coefficient in parentheses. Cut 1 contrasts 'not hopeful at all' against all
higher categories; cut 2 contrasts the two lower categories against the two higher; cut 3 contrasts 'very hopeful' against all lower categories.
**% p <0.01, ** p<0.05, * p<0.10.

Figure 4 presents the same estimates graphically for the constructs of greatest interest.

Figure 4. Cut-Point-Specific Odds Ratios from the Partial Proportional Odds Model

Cut-point-specific odds ratios, partial proportional odds model
® Cut 1: above 'not hopeful at all' W  Cut 2: 'hopeful' or better 4 Cut 3: 'very hopeful'
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Source: Authors' calculations, weighted. Horizontal lines are 95% confidence inWshed line marks an odds ratio of one.

The education gradient is present at ey€ry c@-point gd is monotone in the restricted model,

5.4. Groupe

Table 5 and re 5 report the grouped Shapley decomposition. The weighted linear
75, and the Shapley values sum exactly to that total. Income satisfaction
is the domi ibutor at 41.7 percent of the explained variance, followed by health satisfaction at
1 the two subjective measures account for 64.9 percent. Objective shocks form a

tier led by switching to cheaper products (8.0 percent) and taking on debt (7.3 percent).

Table 5. Grouped Shapley (LMG) Decomposition of Hope (weighted)

Construct Shapley value % of explained
variance
1 Income satisfaction 0.0729 41.68%
2 Health satisfaction 0.0406 23.20%
; Switched to cheaper 0.0139 7.97%
products
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Rank Construct Shapley value % of explained
variance

4 Got into debt 0.0128 7.31%
5 Started saving 0.0067 3.86%
6 Income decreased 0.0061 3.52%
7 Income increased 0.0050 2.85%
8 Marital status
9 Education level
10 Savings decreased
11 Employment status
12 Health problem
13 Lost job
14 Age
15 Gender
16 Family death

Note: Total R?=0.175 from the weighted linear approximation; S

a single player together with all of its indicator columns.

Figure 5. Grouped Shapley Decomposition®Relafive Im&)rtance of Constructs for Explaining

satisfaction contributes 41.7 percent of the explained variance against 3.5 percent for an actual decrease
in income, a ratio of roughly twelve to one. Health satisfaction contributes 23.2 percent against 1.2

percent for the occurrence of a health problem, a ratio of roughly nineteen to one. Objective

Source: Authors' calculations, weighted linear approximation, total R*=0.175.

The sharpest contrast is between each subjective measure and its objective counterpart. Income

Ho

Grouped Shapley (LMG) decomposition, weighted; total R? = 0.175

Income satisfacrion -G 41.7%
Health satisfaction -G 23.2%
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Savings decreased Jll 1.4%
Employment status Jll 1.2%
Health problem -Jll 1.2%
Lost job -l 0.9%
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circumstances are not irrelevant — switching to cheaper products and taking on debt together contribute
15.3 percent — but they operate at a distinctly smaller scale than the evaluative channel.
5.5. Robustness

Four checks support the main specification. First, the multinomial logit, reported as average

marginal effects in Table 6, reproduces the sign and significance of every leading effect while dis g

the ordinal structure; income satisfaction raises the probability of the modal 'hopeful' catego

The unweighted ordered logit was addifio

reproduces it to within the tolerance of the lattgl an

percentage points)

Construct Not hopeful Hopeful Very hopeful
Gender: fema +1.89 -1.08 -0.24 -0.58
Marital S 28 -1.83 +6.17 -2.06
+1.07 +4.92 -4.79 -1.21
status: +1.62 -0.72 +1.82 -2.72
ployment: has +0.67 +8.37 -9.17 +0.13
job, not working
Employment: not -2.55 -2.77 +4.68 +0.64
working
Education: primary +4.89 -2.23 -0.27 -2.39
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Construct Not hopeful at all Not hopeful Hopeful Very hopeful
Education: +6.10 +0.08 -4.98 -1.20
secondary

Education: high +7.94 -1.54 -4.59 -1.81
school

Education: +7.25 +1.09

university

Education: graduate +7.17 +4.15

Age -0.10 +0.02

Income decreased +0.85 -0.03

Lost job +1.83 +2.85

Got into debt +4.16 +2.31

Savings decreased -0.68 +2.38

Switched to cheaper +4.48 +3.98

products

Started saving -2.55 +3.12 +2.75
Income increased -1.47 +1.54 +3.10
Family death -0.38 +0.33 -0.75
Health problem +1.61 +0.80 +1.28
Health satisfaction +7.35 +3.18
Income satisfaction -5.94 +9.03 +1.46

each hope category, in percentage points, computed as discrete changes for binary
eed not sum to zero exactly because of rounding.

*ct, and the direction of causality is not recoverable from these data.

Second, relaxing the proportional-odds restriction changes the substantive reading rather than
merely improving fit. The restricted model reports that debt lowers hope and that income gains raise it;
the unrestricted model shows that these operate in different regions of the distribution. Adverse financial

commitments are associated with the bottom of the hope distribution, while favourable news and health
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satisfaction are associated with the top. A literature that reports only proportional-odds coefficients

would systematically miss this asymmetry.

Third, the education gradient is robust to weighting, to indicator coding, and to the relaxation of
proportional odds. In a labour market with persistent educated unemployment and uneven returns to

formal credentials, additional schooling may raise both expectations and the salience of the gap between

in reference groups — remain open.

Four limitations should be noted. The cross-sectional design precludes
analysis identifies which constructs carry weight in the conditional distribugi
f-reported
size of the gap

hap?ey decomposition rests

e read as a relative ranking

r-the-future in Tirkiye using the weighted

rvey. The Brant test rejects proportional odds for

y with the top. And more-educated respondents report systematically lower hope, a gradient

ives weighting, indicator coding and the relaxation of proportional odds.

The methodological contribution sits alongside the empirical one. Testing rather than assuming
the proportional-odds restriction, coding nominal categories as indicators rather than as scales, applying
the sampling weights, and decomposing importance over constructs rather than columns each changed
the results in ways that would have been invisible under the conventional specification. Researchers
working with ordinal well-being outcomes may find that the same sequence of checks is worth running

before interpretation.
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The findings suggest hypotheses for policy research rather than costed prescriptions. That
perceptions track hope more closely than recorded events does not establish that interventions aimed at
perceptions would raise hope, since the association may run through unobserved circumstances that
shape both. Whether expectation-management, service-quality improvement, or debt-restructuring
instruments actually move forward-looking optimism is an open question that would require panel data
or a policy discontinuity to answer. The cut-point asymmetry documented here does suggest w, 0
look: instruments aimed at the lower tail of the distribution and instruments aimed at the upper

not be substitutes, and evaluating them as though they were would be a mistake.

REFERENCES

Becchetti, L., & Castriota, S. (2010). The effects of a calamity on inc dWic
microfinance borrowers: The case of the 2004 tsunami shock. Jourigal of evelopment Studies,
46(2), 211-233. https://doi.org/10.1080/0022038090300294

Brant, R. (1990). Assessing proportionality in the proportiQh 8 mo@el for ordinal logistic
regression. Biometrics, 46(4), 1171-1178. https://d 32457

Diener, E., Suh, E. M., Lucas, R. E., & Smith, H. L. (199 tive well-being: Three decades of
progress. Psychological Bulletin, 125(2 . ://doi.org/10.1037/0033-2909.125.2.276

Easterlin, R. A. (1974). Does economic i human lot? Some empirical evidence. In P.
A. David & M. W. Reder (Eds.) seholds in economic growth: Essays in honor

Frey, B. S., & Stutzer,

Economic Literdiire, 40(2),

. What can economists learn from happiness research? Journal of

—435. https://doi.org/10.1257/002205102320161320

Gromping, U. (200 imators of relative importance in linear regression based on variance
i The American Statistician, 61(2), 139-147.
8/000313007X188252

kov, C., & Justesen, M. K. (2016). Economic shocks and subjective well-being:
om a quasi-experiment. The World Bank Economic Review, 30(1), 55-77.
3//doi.org/10.1093/wber/lhv004

dginan, R. H., Merenda, P. F., & Gold, R. Z. (1980). Introduction to bivariate and multivariate

analysis. Scott, Foresman.

Lipovetsky, S., & Conklin, M. (2001). Analysis of regression in game theory approach. Applied
Stochastic Models in Business and Industry, 17(4), 319-330. https://doi.org/10.1002/asmb.446

OECD. (2025). OECD economic surveys. Tiirkiye 2025. OECD Publishing.

169



Snyder, C. R. (2002). Hope theory: Rainbows in the mind. Psychological Inquiry, 13(4), 249-275.
https://doi.org/10.1207/S15327965PLI11304 01

Snyder, C. R., Harris, C., Anderson, J. R., Holleran, S. A., Irving, L. M., Sigmon, S. T., Yoshinobu, L.,
Gibb, J., Langelle, C., & Harney, P. (1991). The will and the ways: Development and validation
of an individual-differences measure of hope. Journal of Personality and Social Psychology,

60(4), 570-585. https://doi.org/10.1037/0022-3514.60.4.570

Stevenson, B., & Wolfers, J. (2008). Economic growth and subjective well-being: R
Easterlin  paradox.  Brookings Papers on Economic  Activity,

https://doi.org/10.1353/eca.0.0001

Turkish Statistical Institute. (2025). Life satisfaction survey, 2024 (

170
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ABSTRACT

This study examines the evolving role of artificial intelligence (Al) in

in the post-pandemic period. Publication and

most rapidly expanding research domainsj

in recent years. Bibliographic coupling and co-citation analyses further
d is tranmsitioning from a fragmented structure toward a more integrated and
trch domain. Overall, the findings suggest that Al applications are transforming
ation not only technologically but also organizationally and pedagogically. The study
izes that the implications of Al should be evaluated within the broader framework of digital
ormation, digital leadership, and changing educational paradigms. Furthermore, the results
highlight the growing importance of international collaboration, interdisciplinary integration, and

ethical considerations in shaping the future of Al-driven higher education research.
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1. INTRODUCTION

Digital developments such as artificial intelligence, machine learning, cloud co 1ng,

blockchain, fintech, and the internet of things have radically transformed the basic dyna

industries (Bughin, Hazan, Sree Ramaswamy, DC, & Chu, 2017), and have also brought
applications and transformations in the field of education (Balaha & Hassan, 208
pandemic period, this transformation has created serious pressure on educatigia
educational administrators have focused on managing the digital t
educational organizations with their digital leadership skills (Leal Fillio et
intelligence has had a profound impact on all stakeholders of e ien at all le of education, as it

has in other areas. Continuous expansion of the capacity of A ies @ higher education also

requires an increase in global cooperation based on gengfé pcratic ciples that provide mutual
benefits (Kavitha, Joshith, Rajeev, & Asha, 2024, p. 1121)]

or incipient stage (Hinojo-Lucena, Aznar-Diaz, es-RechcR&al®0mero-Rodriguez, 2019) should not

hat the phenomenon is in its infancy

lead us to ignore its growing importance. . 3

plications of artificial intelligence in higher

academic field (Bearman, Ryan, & Ajjawi, 2023).

is to have interaction e students with unique affective traits. How generation shapes attitude and
t is still lacking (Nazari, Shabbir, & Setiawan, 2021). Researches on using
er education institutions focus on personalization systems (Sajja, Sermet,
& Demir, 2024), software agents and semantic web (Igbal, Sarwar, Safyan, &
t very little research is related to ethical issues in artificial intelligence (Bearman et
. 371), and other new issues. The majority of the studies involve the adaptation of intelligent
5 such as virtual classroom environments, predicting student modes, and discovering students'
g styles (Ganzfried & Yusuf, 2018; Sanchez & Lama, 2007). It has been observed that this
ation has led to comments that the education process has been made more efficient by making
educational platforms and applications more compatible with the needs and knowledge of the students
(Kuleto et al., 2021). The lifestyles of simple desires such as offering students with new competencies
and offering a collaborative mastering environment in Higher Education Institutions, which have

awesome implications for the close to destiny, is also obtrusive in the literature (Liu, Chen, Huang, Xiao,
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& Hei, 2018). Other studies have emphasized that realistic environmental, social, and governance
investments are necessary for the long-term benefits and outcomes of permanent education to be widely
accepted by individuals and society in the future. However, we still lack approaches that address the
phenomenon in a holistic sense, it is seen that there is no holistic and comprehensive evaluation of the
transformative role of artificial intelligence applications in higher education and the research conducted

is quite limited (Bahroun, Anane, Ahmed, & Zacca, 2023; Ghnemat, Shaout, & Abrar, 2022).

Focusing on this research gap is critical because in recent years, pressure

pandemic period? B ing on these questions, the study aims to provide an in-depth evaluation of
studies that Al ications from the perspective of higher education institutions through
biblio

wing trend in the use of Al in educational institutions (Wadhwani, 2023). This

g with digital illiteracy, from accreditation and compliance of programs to student assessment

vities, can provide valuable contributions in theoretical and practical terms.

10320 articles obtained from the WoS database using the bibliography technique, one of the
quantitative research methods, were analyzed using the Vos viewer software. In addition, digital
transformation needs to be addressed in the context of artificial intelligence applications in educational

institutions. Moreover, since different fields of science within higher education use different
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methodologies and curricula, traces of the existence of the transformative effects of artificial intelligence

in each science were found in the findings of the study.

The contributions of the research can be grouped under three headings. First, we develop the
studies of recent years that emphasize the importance of artificial intelligence applications for

educational institutions (Bearman et al., 2023; Crompton & Burke, 2023; Kuleto et al., 2021; Nazari et

Marengo, Pagano, Pange, & Soomro, 2024). Finally, we tried t

artificial intelligence applications in higher education institu bilﬁ)graphic methods and

present an in-depth picture.

In the second section following the introduction, we'gig ne theoretical background of using

Al in higher education institutions. Brief inf about socio technical theory is given which is

9

derived from the literature. In the third se lain the"methodology of the bibliometric study in

detail. In the fourth section, we prese conclusions of the study. In conclusion, this

study presents its theoretical contribution; agerial implications, research limitations, and

suggestions for future resear

hnotogy is introduced (Emery & Trist, 1960). The technical subsystem is responsible for
ing the system’s inputs into outputs, and this process aims to increase the efficiency of the
erall business system. The social subsystem includes individuals in the organization and their
knowledge, skills, attitudes, values, and needs, as well as existing reward and authority structures. These
two subsystems must be integrated to effectively facilitate transformation. Socio-technical systems
theory asserts that achieving desired outcomes is only possible when the interdependence of these

subsystems is explicitly acknowledged and managed (Bostrom, Gupta, & Thomas, 2009, p. 18). This
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theory significantly contributes to work redesign in self-managed work organizations and provides a

valuable framework for integrating technological advancements into businesses.

Artificial intelligence (Al) is deeply intertwined with technology, particularly connectivity and
interactive systems, including smart products, intelligent machines, and autonomous operators. This
necessitates a reassessment of the relationship between humans and technology, as their interaction plays
a vital role in socio-technical transformation. Although this approach is rooted in an estafished

perspective, it introduces new possibilities, such as design thinking and technologi

The idea that design must consider both social and technical aspects whe
technologies or organizational changes has led to the application of socio-tec

across various domains, including technology development and job redesign (S
2.2. Artificial Intelligent

McCarthy first introduced the term artificial intelligence

Al is broadly defined as computer systems that perform cog

(Kavitha et al., 2024), finds applicatio
range of technologies and methodologi

mining, neural networks, and

ement and the restructuring of theoretical frameworks within scientific disciplines that integrate
ology with digital transformation. To address this gap in the literature, a bibliometric analysis was

conducted to examine the role of artificial intelligence in higher education.
3. METHODOLOGY

3.1. Data, Methodology and Results of the Analysis Process
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Bibliometrics is a widely utilized scientific method applied across various disciplines (Zhu et al.,
2023). In this study, bibliometric analysis is employed to assess the impact of artificial intelligence in
higher education by examining academic publications from the WOS database spanning the years 1975
to 2026. The data was processed using VOSviewer 1.6.19 software, which enables the visualization of
research trends, including article and journal productivity, author collaborations, and interconnections

between publications (Donthu et al., 2021; Zupic & Cater, 2015).

The process of article retrieval and data collection was carried out in March 2026 using Wie Q

To ensure the quality and relevance of the dataset, a set of clearly defined inclusio
was applied. The analysis was limited to peer-reviewed journal ublishe nglish within the
period from 1975 to 2026. Following this systematic filtering pr 1 0f#0.320 documents were

identified and included in the final dataset.

Figure 1. Distribution of Publications and Cititatie
Intelligence Applications in Higher Educati the Web'ofiS
Year Range 75-2(‘6
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Xeigure 1 represents a bibliometric trend analysis of research publications and citations over
e bar chart (light purple) indicates the number of publications per year, while the line chart (dark

DIC) represents the number of citations received.

The longitudinal analysis reveals a prolonged dormant phase from 1975 to approximately 2015,
during which both publication output and citation impact remained minimal. A gradual emergence is
observed after 2016, followed by a notable acceleration beginning in 2020. The most significant

structural shift occurs after 2022, where both publications and citations exhibit exponential growth. The
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peak in 2025 indicates the highest level of research productivity and impact. The apparent decline in
2026 is attributable to incomplete data and the citation lag effect rather than a true reduction in scholarly

activity.

Figure 2. Co-authorship Network
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As shown in the Figure 2, the au

the collaboration network is not

in this field are increasingly shaped by team-based and interdisciplinary academic

verall, the co-authorship map demonstrates that the author collaboration structure is relatively
ve. The dense connections between nodes reveal that research activity is concentrated within a
collaborative author group, highlighting the importance of joint publication practices in the development

of the field.
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Figure 3. Citation of Authors Analysis
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A network map was created to analyse citation rel

., as reflected by their larger node sizes. However, similar to findings in previous studies,
thors are not necessarily the most central in terms of total link strength. Instead, authors such as
cle, Jorge and Weng, Xiaojing exhibit stronger connectivity, indicating higher integration within the

citation network.
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Figure 4. Citation of Organizations Analysis
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The Figure 4 represents the collaboration between dj t hds based on their co-authored

publications.

elations etwork map was constructed based
at le‘ one document and received at least one

ns that met these thresholds and were

On $he other hand, a group of institutions including National Centre for Scientific Research
itos, Miami City University, Otto von Guericke University, and Christian Churches Teaching
itutions forms a separate cluster. This cluster is connected to the central network through weaker or

fewer links, suggesting more limited citation interaction with the core institutions.

Overall, the network structure indicates that citation activity is partially concentrated around a

core group of institutions, while peripheral institutions remain less integrated. The presence of multiple
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clusters suggests that institutional collaboration and citation patterns are still developing and not yet

fully consolidated.

Figure 5. Citation of Countries Analysis
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In order to examine citation relationships between cou
based on the criteria that each country must have at leas
analysis was carried out on the countries that met these t

citation network in Figure 5.

ntries, particularly Italy, Germany, and Spain, form a closely connected cluster with
n links. This suggests a regional concentration of research collaboration and
¢ exchange. On the other hand, countries such as Brazil and Taiwan appear to be connected to
twork primarily through the USA, indicating a more dependent or indirect citation

ship.

Furthermore, People’s Republic of China is positioned at the periphery of the network, connected
through fewer but distinct links. This suggests that although it contributes to the citation network, its

integration with the central cluster is relatively limited compared to other major contributors.
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Figure 6. Co-occurrence of Author Key Words Analysis
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A network map was created to analyse keyword co-occurrence patterns basgi opghe criterion that
each keyword must appear at least 2 times in the dataset. The a as condigfed on the keywords
that met this threshold and were interconnected within the netw: c. *

1S clusters, with 32 links and a

bderately dense keyword network,

tions of artificial intelligence, including keywords such as education,

rsonalized learning, and challenges. The second cluster represents

he analysis also shows that keywords related to generative Al are positioned more peripherally
e strongly connected to the central concepts, indicating that this theme is relatively new but rapidly

integrating into the field.

Figure 7. Bibliographic Coupling of Documents Analysis
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A network map was created to examine bibliographic coup lationshi ong publications

based on the criterion that each document must have at least @h (0 af® at least one link with
another document. Bibliographic coupling refers to the

references.

According to the analysis, a total of 7

within the network. The structure consist

ni (2024), Ruiz-Rojas (2024), Sajja (2024), and Wang (2025). The

icate a higher number of bibliographic connections, suggesting that

ng strength do not always overlap, as some studies may be highly cited but not strongly connected

through shared references.

182



Figure 8. Bibliographic Coupling of Authors Analysis
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The co-citation network map was constructed based on authors cited together in the same

publications. The results show a dense and well-connected structure consisting of several clusters.
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Authors such as Chan, C.K.Y.; Chiu, T.K.F.; and Chen, L.J. are positioned at the center, indicating
high co-citation frequency and strong influence. In contrast, authors like Holmes, W. and Bozkurt, A.

form a separate cluster with strong internal connections but fewer links to the core.

Overall, the network reflects a multi-clustered but integrated structure, suggesting that the field is

built on several key intellectual groups that are increasingly interconnected.

4. CONCLUSION

This study provides a comprehensive overview of academic research on artificial

higher education based on data obtained from the Web of Science database.

has been observed particularly after 2022, indicating a rapid expansion of's
In terms of institutional contributions, universities such as Univegsi Foggia, ersity of Bari, and

University of loannina stand out as key actors within the networ e fine, the most influential

institutions in terms of citation impact are concentrated i cly small¥¢roup, suggesting a partially

ajority of studies are published in

s of total link strength. This indicates that citation impact and network

overlap, reflecting different dimensions of academic influence. Overall, the

apid increase in publications after the post-pandemic period indicates that universities and
iehers increasingly perceive Al not only as a technological innovation but also as a transformative
org@reshaping educational systems, learning environments, and academic management processes. In
this respect, the findings support the assumptions of socio-technical theory by showing that
technological transformation in higher education is closely intertwined with organizational structures,
human interaction, and institutional adaptation processes. Another important implication of the study is
the growing prominence of generative Al-related themes such as ChatGPT and Al literacy. This

transformation suggests that the focus of the literature is shifting from operational educational
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technologies toward more strategic, ethical, and pedagogical debates. The collaborative and
interdisciplinary structure observed in the co-authorship and citation networks also indicates that Al
research in higher education increasingly requires cross-disciplinary knowledge integration and
international cooperation. Furthermore, the findings reveal that citation impact and structural centrality
do not always overlap. Some authors and institutions play a more influential role in connecting the
intellectual structure of the field despite not having the highest citation counts. This highli e

importance of network-based academic influence alongside traditional citation-based measures.

4.1. Limitations

This study has several limitations. First, the analysis was limited to publid

Web of Science database and written in English, which may exclude relev

continue to change significantly in a short period of time. E
international collaboration, enhancing interdisciplinar

foundations of the field in order to sustain its long-term deve

4.2. Future Research

Future studies may expand the
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.34% at tHerational level, while the productivity
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eir own specific areas of use, the most commonly utilized types are partial and total factor
fuctivity indices. Partial productivity indices correspond to the average products of labor and capital,
whereas total factor productivity (TFP) is expressed as the output per unit of labor and capital (Nadiri,
1970). Total factor productivity is one of the key concepts used in assessing economic performance.

Increases in labor and capital inputs used in production can explain output growth only to a certain
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extent. The portion of growth that cannot be explained by increases in input quantities, also known as
the “Solow Residual”, corresponds to total factor productivity (Isik, 2016). Indeed, according to Domar
(1961), total factor productivity constitutes the unexplained part of output change after accounting for
changes in input utilization. If the production function is of the Cobb-Douglas type, if perfect
competition conditions prevail in factor markets, and if the growth rates of inputs and outputs can be
accurately measured, the Solow Residual can properly measure total factor productivity (Comin, ).
Factor productivity plays a significant role in differences in per capita income across coun
economic fluctuations, and in economic growth. According to Solow, in an economy withd ned@las
production function, long-term growth in per capita income is closely related to inczgases’in total facgor

productivity (Solow, 1956).

utilized. Developed based on Farrell’s 1957 proposal of the “Pr

subsequently advanced by Charnes, Cooper, Banker, and Rho alﬂs makes it possible to

units constructing the relative
g units with low efficiency and

er, 2008; Cingi and Tarim, 2000).

proved

iency®f different units, it has subsequently been

ng linear distance functions (Bagriagik et al., 2022). In its revised form, the
easurement of changes in total factor productivity by including undesirable or
Buch as environmental pollution or carbon emissions. Consequently, literature has
featured analyses of green total factor productivity, which account for negative
@hmental externalities or energy consumption, rather than relying solely on traditional total factor

Pctivity measures.

Studies on energy consumption occupy a significant place in the economics literature. Although
the findings of research examining the relationship between energy consumption and economic growth
are mixed, energy remains an indispensable component of the growth dynamics of any economy. As a
fundamental input, energy is an integral part of production processes. Additionally, the sources from

which consumed energy is derived are of great importance. Renewable energy sources are becoming
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increasingly crucial for achieving environmental sustainability. Consequently, environmentally

conscious energy investments, particularly in solar and wind power, are coming to the forefront.

When examining the distribution of renewable energy investments by country, China stands out
prominently. China alone accounts for one-third of global energy investments. According to data from
the International Energy Agency, China invested $625 billion in renewable energy in 2024 (IEA, 2025).
This amount is twice the level of investments made in 2015. Moreover, China achieved its 203" wind
and solar energy capacity targets as early as 2024. While the installation of renewable en S

in the country is expected to continue, investment growth is projected to slow in 2025,8vith ddec

anticipated specifically in solar energy. A

Graph 1. Investment in Selected Clean Energy Sectors in China (2105-2025¢)
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The primary rminant of@QChina’s energy investments has been the country’s shifting

macroeconomic pri is also expected that renewable energy investments will be influenced by

acroeconomic policies. Although China achieved 5% growth in 2024,

tate*financed projects, has begun to shift towards a structure that increasingly encourages private
participation. Particularly in strategically important areas such as energy storage, nuclear energy,
ol and gas exploration, and mining, policies are being implemented to promote private sector
involvement. In 2024, private sector participation was facilitated in over 8,000 projects (IEA, 2025). In
2025, the National Energy Administration of China introduced additional measures to support the
private sector in traditionally state-dominated fields such as renewable energy, storage, digitalization,

hydropower, and transmission. The presence of the private sector is indispensable for the transformation
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of the energy industry, and China has accelerated this transformation by gradually opening up its
strategically important sectors to private enterprises. While the Chinese government maintains its
leadership in energy investments, it is now designing a long-term transformation process to foster a

dynamic investment environment under its newly assumed role.

In addition to these ongoing transformation efforts in the energy sector, the emergence of current

problems also indicates a need for restructuring within the sector. It faces major challenges re
excess supply and the transmission of energy. These issues are particularly significant in t

solar energy production.

China added 277 GW of installed solar power capacity in 2024 and 315 G

accounted for more than half of global solar energy production. Significa

2026 (CargonBrief, 2026). The

0%. The surplus in energy

ures, particularly the rising prices of various grid

ont'nx to pose threats and increase the costs of

excessive ele ion during certain hours of the day imposes additional burdens on

under; regions, necessitating production restrictions.

se effects vary with respect to grid integration capacity.

2. LITERATURE REVIEW

A review of the literature on energy efficiency reveals the frequent use of non-parametric
methods, among which Data Envelopment Analysis (DEA) has gained increasing popularity. Hanoum

et al. (2026) examined 461 academic studies published between 1994 and 2024 and found a substantial
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increase in the use of DEA in studies after 2010. Their findings indicate a shift in research focus from
traditional optimization to performance evaluations centered on undesirable outputs and sustainability.
Xu et al. (2020), in their literature review on energy efficiency, noted that DEA models have evolved
from simple static structures to more complex forms that incorporate undesirable outputs, network
configurations, and dynamic models. The findings also emphasize that most studies are conducted at the
national or provincial level, while firm-level research remains insufficient. Mardani et al. )
analyzed 144 academic studies published between 2006 and 2015 that utilized DEA, conclud

this method is a highly effective tool for analyzing energy efficiency issues. Moreover, e majori
these studies originate from China and have increasingly shifted toward topics su virofimengal

efficiency, sustainable energy, and eco-efficiency.

A large portion of the literature agrees that ensuring the sustai
requires the inclusion of not only economic outputs but also certain undesirable

such as carbon dioxide emissions, in analytical models. StudiesgfSRusi have consistently

Wei, Ni, and Shen (2009) analyzed ene
1997-2006 using Data Envelopment A

Li and Lin (2015) examined the energy intensity gap in 30 Chinese provinces over the period
19962015 using Data Envelopment Analysis. Their findings reveal that energy intensity fluctuates
around 21%, 7.5%, and 12% for Eastern, Central, and Western China, respectively, with Eastern China
possessing the highest level of energy technology. The study also indicates that the energy intensities of

China’s provinces have not converged to an optimal level.
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Wang and Feng (2015) applied Global Data Envelopment Analysis and the Global Malmquist
Index in their study at the provincial level in China for the period 2002—2011. The findings indicate that
China has exhibited strong performance in terms of economic efficiency; however, its energy and
environmental performance remain less optimistic. Technological progress is identified as the most
significant factor driving efficiency, while declines in scale and managerial efficiency are reported as

key obstacles to further progress.

sector in Chinese provinces from 2000 to 2014 using Data Envelopment Analysis

Malmquist Index. The results indicate that technological progress is the mos

efficiency in all regions. However, the current investment-driven model has led

in many provinces.

regional industrial eco-efficiency in China is influenced b nf@l regulations, technological

innovations, the level of economic development, and ‘ e. After removing external

however, provincial@ooveranents’ entrgy-saving policies have not yet reached the desired level of

effectiveness.

) calculated the energy efficiency of 30 provinces and municipalities in

ogiCal progress is reported to have a pronounced positive effect on energy efficiency in all three

offfegions of China.

Zhao et al. (2024) calculated the energy efficiency of 2052 county-level regions in China from
2006 to 2020 using Data Envelopment Analysis and examined regional disparities. The study shows
that energy efficiency in Chinese counties has generally increased and maintained a relatively stable

spatial pattern. Both overall and intra-regional differences in energy efficiency have significantly
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decreased nationwide. As of 2020, the regional disparity in energy efficiency ranks from highest to

lowest as eastern, western, and central regions.

3. METHODOLOGY AND DATA

The empirical strategy adopted in this study proceeds in three sequential and logically nested
stages. In the first stage, a non-parametric frontier framework is employed to construct a proving 1

index of environmentally adjusted productivity, thereby generating the dependent variable of fite

In the second stage, the constructed index is regressed on solar photovoltaic installed

vector of structural covariates within a linear static panel framework, in which the

province variation in the
capacity deployment

heterogeneity that ch@sactgftSes the Chinese provincial economy.

ucted on a balanced annual panel comprising 30 Chinese provinces,
ntrally administered municipalities observed continuously over the period
ields 420 province-year observations. Hong Kong, Macao, and Taiwan are excluded
nce of comparable provincial energy accounts, and Tibet is retained despite its small
eight in order to preserve coverage of the extreme upper tail of the curtailment distribution.
10 starting point is dictated by the first year in which the National Energy Administration
biifhed province-disaggregated solar photovoltaic capacity statistics on a consistent definitional basis,
while the 2023 terminal year reflects the most recent vintage for which finalised provincial carbon

accounts were available at the time of estimation.

Provinces are allocated to four macro-regions—Eastern, Central, Western, and Northeastern—
following the standard classification maintained by the National Bureau of Statistics of China. This

partition assigns 10 provinces to the Eastern region, 6 to the Central region, 11 to the Western region,
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and 3 to the Northeastern region, corresponding to 140, 84, 154, and 42 province-year observations,
respectively. The classification is retained without modification because it coincides with the
administrative units through which cross-provincial transmission planning and renewable consumption

quotas are actually formulated, and it therefore possesses institutional as well as geographical content.

The data are assembled from four primary repositories. Provincial solar photovoltaic installed

produce a non-negative vector of M desirable outputs, denoted y, jointly with a

of J undesirable outputs, denoted b. The environmental technology is defined as the

Pkx) ={(y, b) : x can produce (y, b)}, (1)

which is assumed to satisfy the standard axioms of closedness and boundedness, together with
the two properties that distinguish environmental from conventional technologies. The first is null-
jointness, which requires that the desirable output cannot be produced in the absence of the undesirable
output, so that (y, b) € P(x) and b = 0 jointly imply y = 0. The second is weak disposability of outputs,
which requires that (v, b) € P(x) implies (0y, 0b) € P(x) for all 0 € [0, 1], thereby encoding the assumption

that emissions can be reduced only at the cost of a proportional contraction in marketed output. Together
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these two axioms ensure that abatement is treated as costly rather than free, which is precisely the feature

absent from conventional Malmquist indices.

The distance from an observed input—output combination to the frontier of this technology is

measured by the directional output distance function

D(x, y, b; g, ) = max {f: (y + pg,, b — pg.) € P(x)}, 2)

in which the directional vector is set to g = (y, —b), so that the efficiency score is defin

without ambiguity. Second, it eliminates the infeasibil

mixed-period linear programmes when technic $s occu ation that is common in provincial

resultig index between periods ¢ and 7+ 1 is

[1 + D1, Ve, b1y g)], (3)

t todefend across provinces whose industrial composition differs as sharply as those of Shanghai
nghai (Charnes, Cooper and Rhodes, 1978; Fire, Grosskopf, Norris and Zhang, 1994).
ulative indices are chained from a base of unity in 2010, so that the reported series is directly

interpretable as the level of green productivity relative to each province's own 2010 position.

Table 1 reports the definition, unit of measurement, and source of each variable entering the
empirical models. The focal explanatory variable is provincial solar photovoltaic installed capacity,

which is the policy instrument whose productivity consequences the study seeks to evaluate. The
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curtailment rate—the proportion of technically generable renewable electricity that is not dispatched to
the grid—enters both as a control in its own right and, more importantly, as the moderating variable

through which the conditional structure of the capacity—productivity relationship is identified.

Table 1. Variable Definitions, Units, and Sources

Variable Unit Definition Source
Global Malmquist-Luenberger
] productivity index; inputs: capital,
GML-TFP index Index (2010 =1) Authors' DB
labour; desirable output: GDP;
undesirable output: CO-
) ) Cumulative province-level installed
Solar installed capacity GW ] . .
photovoltaic generating capacity
Full-load  utilisation Equivalent full-load operating hours
Hours per year CEPY
hours
) CNY, current
Per capita GDP ] NBS
prices
Gross fixed capital| Billion CNY,
] ) NBS
formation current prices
) ) tce per 10,000
Energy intensity NBS
CNY of GDP
Transmission line
. . . . . CEPY
capacity transmission interconnections

Share of generable renewable
Curtailment rate Proglrtion (0— o ) NEA
electricity not absorbed by the grid

o Province-level territorial carbon
CO:2 emission 1¥#fon tonnes o o CEADs
dioxide emissions

y Aggregate primary energy
Mtce ) NBS
consumption
Million Year-end resident population NBS

Equals 1 from 2013 onward for the
pilot dummy 0/1 seven pilot carbon-market NDRC

jurisdictions

Note: N = 420 province-year observations covering 30 provinces over 2010-2023. GW = gigawatt; tce = tonnes of coal equivalent; Mtce =
million tonnes of coal equivalent; CNY = Chinese yuan renminbi; NEA = National Energy Administration; CEPY = China Electric Power
Yearbook; NBS = National Bureau of Statistics; CEADs = Carbon Emission Accounts and Datasets; NDRC = National Development and

Reform Commission. Pilot emissions trading jurisdictions are Beijing, Tianjin, Shanghai, Chongqing, Guangdong, Hubei, and Shenzhen.
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The baseline econometric model relates the logarithm of the green productivity index to solar
capacity and the vector of structural controls. Three nested specifications are estimated. The first is a

pooled ordinary least squares model that exploits both cross-sectional and temporal variation:
In GMLy = a. + Bi In Solary + y'Zy + . “4)

The second specification augments equation (4) with province and year fixed effects, yielding the

two-way within estimator

In GML;; = p1 In Solary + y'Ziy + wi + A4 + &,

progress common to all provinces. The third specification introduces the multipli€ativg interaction that

constitutes the analytical core of the study:
In GML; = 1 In Solary + p2 Curty + Bs (In Solary % it 4’/1,- + A+ e (6)

In equation (6) the marginal effect of capacity exp4d O | r a constant but a function of

the prevailing curtailment environment,

(7

in the curtailment rate. Engineering considerations suggest a more discontinuous
rid absorption failures tend to become binding abruptly once local demand and
are exhausted. To relax the linearity restriction, a single-threshold fixed-effects panel

gcified following Hansen (1999):
In GML;; = 01 In Solary - I(gi <y) + 02 In Solary - I(qis > y) + 0'Ziy + i + 2 + &a, (®)

where I(+) denotes the indicator function, gi is the threshold variable, and y is the unknown
threshold parameter. Two candidate threshold variables are examined: the curtailment rate, which
proxies the intensity of the grid integration constraint, and interprovincial transmission line capacity,

which proxies the physical capability to relieve it.

200



Estimation proceeds by concentrating the likelihood. For each candidate value of y drawn from
the empirical support of the threshold variable, the model is estimated by least squares after the two-
way within transformation, and the estimate y'is selected as the value minimising the concentrated sum
of squared residuals. Following standard practice, the search grid is trimmed to the interval between the
15th and 85th percentiles of the threshold variable so that each regime retains a sufficient number of
observations for reliable inference. The null hypothesis of no threshold effect, Ho: 61 = 6, is teste g

the likelihood-ratio statistic

Fi=(So—Si(9)/ &

in which So and Si(y) denote the residual sums of squares from the and thtesiold
specifications, respectively. Because the threshold parameter is unidentified e he Statistic
possesses a non-standard asymptotic distribution, and p values are accof@i ough the
fixed-regressor bootstrap procedure proposed by Hansen (1999) with 150 re s. Confidence
intervals for y are constructed as the no-rejection region of the i i tic LR(y), retaining

all candidate values for which LR(y) < 7.35, the asymptoti

determined by a sequence of specification tests. The presencs bserved provincial heterogeneity is

assessed by an F test of the joint significancelof t

provit%e effects and by the Breusch and Pagan
(1980) Lagrange multiplier test. The ¢ and random effects is evaluated using the
auxiliary-regression variant of the Haus by Mundlak (1978), in which the group means

of all time-varying regressors added to a -effects specification and their joint significance

tested. This formulation is ed to the claSSical Hausman (1978) statistic because it remains valid

n light of the diagnostic outcomes reported in next section, all reported standard errors are
clustered at the provincial level, which accommodates arbitrary within-province serial correlation and
heteroskedasticity (Cameron and Miller, 2015). Because the number of clusters (30) is moderate, the
sensitivity of the principal inferences to the choice of variance estimator is additionally examined using

the Driscoll and Kraay (1998) covariance matrix, which is consistent in the presence of spatial as well
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as temporal dependence. All estimation was carried out at the 5% nominal significance level unless

otherwise indicated.

4. ANALYSIS RESULTS

Table 2 summarises the distributional properties of the estimation sample. The mean value of the
GML-TFP index across the 420 province-year observations is 0.941 (SD = 0.123), indicating t e

representative province operated approximately 6% below the environmentally adjusted pro@ic

frontier over the sample period. The dispersion of the index is substantial: the minimu
the maximum of 1.224 imply that the most productive province-year observatign attffined |d green
productivity level roughly 77% higher than the least productive, a spread that

decomposition undertaken in next paragraphs.

Solar installed capacity displays pronounced right skewness, with ameaa of 7.59 GW
mmetry, together

ansf@rmation adopted in the

Table 2. Descriptive Statisti Estimation Sample, 2010-2023

Variable n SD Min Mdn Max
GML-TFP index 0.941 0.123 0.691 0.923 1.224
420 7.593 10.749 0.306 3.509 76.221
420 1,301.46 200.87 897.00 1,283.00 1,748.00
420 95,382.09 | 59,578.83 | 18,216.00 | 79,674.50 | 392,044.00
420 570.66 304.99 79.20 504.65 1,793.70
atensity  (tce/10k
420 0.594 0.232 0.280 0.567 1.310
ansmission line capacity
420 39.08 18.82 6.20 35.40 115.30
(GW)
Curtailment rate 420 0.099 0.073 0.005 0.077 0.380
CO: emissions (Mt) 420 23,134.59 | 15,631.84 | 1,565.30 | 18,907.90 97,892.60
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Variable n M SD Min Mdn Max

Total energy consumption
420 2,321.51 737.45 741.00 2,363.35 4,197.10

(Mtce)

Population (millions) 420 46.18 29.79 4.00 39.36 117.41

ETS pilot dummy 420 0.157 0.364 0.000 0.000 1.00
Note: The panel is balanced and comprises 30 provinces observed over 14 years. GML-TFP = Global Malmquist—Luenberger 1 f;

productivity index, normalised to unity in 2010. All monetary variables are expressed at current prices.

progression.

The substantive significance of this finding lies e index is environmentally

adjusted. Because carbon dioxide emissions enter the techn®lggy @§ an undesirable output that cannot

manu@ctured by expanding emissions-intensive

t evidence of a progressive decoupling of

ational Mean GML-TFP Index and Year-on-Year Change

Annual change Cumulative change Period
(%)

— 0.00 Sub-period I

+0.023 2.70 Sub-period I

+0.020 5.13 Sub-period I

+0.020 7.53 Sub-period I

+0.016 9.42 Sub-period I

2015 0.934 +0.016 11.38 Sub-period 1
2016 0.949 +0.015 13.21 Sub-period I
2017 0.958 +0.008 14.22 Sub-period I
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Cumulative change

Year Mean index Annual change Period
(%)

2018 0.971 +0.013 15.78 Sub-period 11

2019 0.982 +0.011 17.09 Sub-period 11

2020 0.989 +0.007 17.90 Sub-period 111

2021 0.994 +0.006 18.58 Sub-period Ik
2022 0.996 +0.002 18.77
2023 1.003 +0.007 19.58

Note: Values are unweighted means across the 30 sample provinces. Fitted linear trend: b = 0.0125, SE = 0.0008
.948. Cumulative change is measured relative to 2010.

The aggregate trajectory documented above conceals a degree of i

the 30 sample provinces, together with mean solar capacity, ailmen?, mean transmission

capacity, and pilot carbon-market status. The ordering rev ly systematic pattern rather

than a random scatter.

ission interconnection capacity ranges from 8.89 GW in Tibet to 32.84 GW in Inner Mongolia,
8t 82.43 GW in Shandong and 72.24 GW in Guangdong. The simple pairwise correlation between
tht logarithm of the productivity index and the curtailment rate across the pooled sample is —.806,
whereas the correlation between the productivity index and log solar capacity is only .085. This
descriptive contrast constitutes the first indication that installed capacity, considered in isolation, is a

poor predictor of environmentally adjusted productivity.
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Table 4. Provincial Mean GML-TFP Index and Associated Structural Characteristics, 2010—

2023
Curtailment
Rank Province Macro-region | Mean GML | Solar (GW) %) ETS
1 Shanghai Eastern 1.152 1.65 1.99 Yes
2 Beijing Eastern 1.134 2.76 2.68
3 Guangdong Eastern 1.119 4.41 3.10
4 Jiangsu Eastern 1.101 6.64
5 Zhejiang Eastern 1.079 3.86
6 Fujian Eastern 1.069 2.75
7 Shandong Eastern 1.061 11.59
8 Tianjin Eastern 1.034
9 |Hainan Eastern 1.009 ® 1y No
10 [Henan Central 5.89 No
11 | Hubei Central 5.18 Yes
12 | Hebei Eastern 13.41 No
13 | Hunan Ceflifta 5.65 No
14 | Anhui Central 6.98 No
15 | Jiangxi Central 0.932 4.97 5.79 No
16 |Liaoning rtheast 0.918 7.72 10.00 No
17 | lJilin Northeast 0.899 6.65 11.68 No
18 | Sha Central 0.899 8.30 8.96 No
Western 0.887 2.20 7.17 Yes
Northeast 0.872 5.49 13.80 No
Western 0.865 4.97 8.06 No
Western 0.864 9.96 10.71 No
Yunnan Western 0.853 6.64 11.84 No
24 | Guizhou Western 0.839 3.86 9.98 No
25 | Inner Mongolia Western 0.832 20.89 17.96 No
26 | Ningxia Western 0.816 12.09 19.60 No
27 | Xinjiang Western 0.814 23.14 21.88 No
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Curtailment
Rank Province Macro-region | Mean GML | Solar (GW) %) ETS
(1}
28 | Qinghai Western 0.804 14.33 20.74 No
29 | Gansu Western 0.786 16.04 23.82 No
30 | Tibet Western 0.763 1.65 27.68

Statistics.
Table 5 aggregates the provincial evidence to the level of the four macro-regio
renders the structural paradox explicit. The Eastern region attains a mean green

1.072 while deploying an average of 5.68 GW of solar capacity and curtaili

discards 16.31% of generable output, a curtailment rate 3.6 ti astern |
Northeastern regions occupy intermediate positions consis ergediate curtailment rates

0f 6.41% and 11.83%.

arison of Green Productivity and Structural Conditions, 2010-2023

Mean Solar Curtailment | Transmission Energy ETS

GML (GW) (%) (GW) intensity | share

1.072 5.68 4.48 50.41 0.389 0.314

0.950 5.89 6.41 43.98 0.542 0.131

0.896 6.62 11.83 38.98 0.678 0.000

154 0.829 10.52 16.31 26.14 0.785 0.071

Vational 420 0.941 7.59 9.94 39.08 0.594 0.157

Note: n denotes province-year observations. Energy intensity is measured in tonnes of coal equivalent per 10,000 CNY of gross regional
product. ETS share is the proportion of province-year observations subject to a pilot emissions trading scheme.

Table 6 partitions the sample into three sub-periods in order to establish whether the regional gap
has narrowed as the national transmission programme has matured. The evidence indicates that it has

not. Every region records an absolute improvement in green productivity across the three sub-periods,
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and the proportional gains are remarkably uniform, ranging from 11.65% in the Central region to 12.25%
in the Western region. Because the Western region began from a substantially lower base, however, this
near-identical proportional growth translates into a widening rather than a narrowing absolute gap: the
Eastern—Western differential increases from 0.231 index points in 2010-2015 to 0.250 in 2016-2019
and to 0.255 in 2020-2023.

This result is analytically important because it distinguishes between two co

interpretations of the East—West disparity. Under a catch-up interpretation, the Western ¢

25.64 GW. The improvement in grid absorption was therefq

deployment it was intended to accommodate.

Table 6. Sub-Period Means of Green Productivity, C t, olar Capacity by Macro-
Region
Solar
Curt. Curt.
GML GML ML 2020~
Macro-region 2010- 2020-
2010-2015 | 2016-20 (%) 2023
2015 (%) | 2023 (%)
(GW)
Eastern 1.013 3 11.86 4.97 3.53 13.84
Central 0.89 1.004 11.65 7.34 5.01 14.34
Northeastern 7347 0.949 12.06 13.38 9.33 16.09
Western 0.850 0.878 12.25 18.57 12.55 25.64
East-—West gap 0.250 0.255 — — — —

¥the proportional change in the regional mean index between the first and third sub-periods. The East-West gap is
&l mean index values between the Eastern and Western regions in each sub-period.

iliary-regression test of the random-effects orthogonality condition yields ¥*(8) = 284.55, p <.001,
rejecting the hypothesis that the province effects are uncorrelated with the regressors and establishing
the fixed-effects estimator as the consistent choice. This conclusion is intuitive on substantive grounds,

since resource endowment and geographical distance from load centres are precisely the sort of
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persistent provincial attributes that jointly determine both renewable siting decisions and productivity

levels.

The Wooldridge test rejects the null of no first-order serial correlation, F(1, 29) =8.79, p = .006,
and the Pesaran CD statistic computed on one-way fixed-effects residuals equals 11.09 (p <.001) with
a mean absolute pairwise correlation of .264, indicating pronounced cross-sectional dependence. The
latter is unsurprising in a setting in which provincial energy systems are linked by a national and

subject to common central-government directives. The inclusion of year effects in equatj

channel of interest—neither is dropped from thé/ba:

coefficient of interest is unaffected when gross¥ixed [€apit lgrmation is excluded.

Table 1c Test Results
Test 1l hypothesi Statistic p Decision
F(29, 382) =
F test of individual effec No pavince effects 3706 <.001 Reject
Breusch—Pagan LM No random effects ¥3(1) =692.75 <.001 Reject
RE is consistent ¥4(8) =284.55 <.001 Reject; use FE
No serial correlation | F(1,29)=38.79 .006 Reject
Cross-sectional .
) CD=11.09 <.001 Reject
independence
Cross-sectional .
CD (two-way FE) ) CD =-2.60 .009 Reject
independence
—Pesaran—Shin (In GML) | Unit root in all panels W-t=-5.54 <.001 Reject; 1(0)
Maximum  VIF  (focal 34 No collinearity
regressors) ' concern

Note: FE = fixed effects; RE = random effects; LM = Lagrange multiplier; VIF = variance inflation factor. The Pesaran CD statistic is reported
for residuals from the one-way (province effects only) and two-way (province and year effects) specifications. The mean absolute pairwise
residual correlation is .264 in the one-way case and .226 in the two-way case.
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Table 8 presents the three nested specifications. The pooled model in column 1 reproduces the
pattern already visible in the descriptive evidence: per capita income and utilisation hours enter
positively and significantly, energy intensity enters with a large negative coefficient of —0.302 (p <
.001), and transmission capacity enters positively at 0.109 (p = .006). Log solar capacity, however,
carries a negative and highly significant coefficient of —0.025 (p <.001), and the curtailment rate carries

a positive coefficient of 0.252 (p = .023).

candidate structural model.

Column 2 introduces province and year fixed effec persistent provincial heterogeneity
and common national shocks are absorbed, an@malous signs disappear: log solar capacity turns

positive at 0.024 and the curtailment rate egafive a —3057, although neither coefficient attains

17 = .174, respectively). The collapse in the

n 1 is itself informative. It indicates that the great

ments the two-way specification with the interaction between log solar capacity and
The interaction coefficient is negative and significant at 1%, s = —0.0285, SE =
, p =.007, while the constituent solar term is positive at 0.026 and the curtailment term
0.048. A joint Wald test of the hypothesis that curtailment plays no role in either its direct
teractive capacity is rejected, ¥*(2) = 7.72, p = .021, and the within-sample explanatory power
from .540 to .574. The evidence therefore supports the central hypothesis 8z < 0: the productivity
contribution of solar capacity is systematically attenuated as the grid integration environment

deteriorates.

It merits emphasis that the identified quantity is a differential rather than a level. The interaction

term establishes that the capacity—productivity relationship is significantly steeper in provinces with
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favourable grid conditions than in provinces with unfavourable ones; it does not establish that the

elasticity is significantly different from zero at any particular value of curtailment. This distinction is

pursued in the following subsection.

Table 8. Panel Regression Estimates for Log Green Total Factor Productivity

(3) Two-way
(2) Two-way
Variable (1) Pooled OLS FE FE + Expected si
interaction
—0.0251***
In Solar capacity 0.0235 (0.0289) | 0.0262 (0.0296)
(0.0051)
) 0.2517%* —0.0573 —0.0475
Curtailment rate
(0.1106) (0.0421) (0.044
—0.0285%**
In Solar x Curtailment — — -
4)
0.0932%*
In Utilisation hours 0.0388 (0.4 ).0393 (0.0830) +
(0.0425)
0.1201%**
In Per capita GDP (0.0488) ["9"0398 (0.0483) +
(0.0158)
In Gross fixed capital —-0.04 -0.0162
+
formation (0.044 (0.0352)
301 7%** -0.0192
Energy intensity 0023 (0.0123) -
0.0539) (0.0140)
0.1092%** —0.0283 —0.0286
In Transmission cagfi€ity +
(0.0394) (0.0262) (0.0267)
—0.0021
ETS pilot du 0.0036 (0.0046) | 0.0035 (0.0047) +
(0.0100)
—2.0261***
(0.4564)
ed effects No Yes Yes
fixed effects No Yes Yes
(within) .891 .540 574
Observations 420 420 420
Provinces 30 30 30

Note: Standard errors clustered at the provincial level are reported in parentheses. The dependent variable is the natural logarithm of the GML—
TFP index. Column 1 reports R? rather than within-R?. Joint Wald test of curtailment and its interaction in column 3: ¥*(2) = 7.72, p = .021. *p

<.10. #*5p < 05, #*%p < (1.
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Because the interaction specification renders the capacity elasticity a function of curtailment, the
coefficients in column 3 of Table 8 cannot be interpreted in isolation. Table 9 accordingly evaluates
equation (7) at the mean curtailment rate of each macro-region and at the sample maximum. The point
estimate declines monotonically from 0.0249 at the Eastern mean curtailment rate of 4.48% to 0.0183
at the Tibetan mean of 27.68%, a proportional attenuation of 26.5% across the observed range. Evaluated

at the Western regional mean of 16.31%, the elasticity of 0.0215 is 13.7% below its Eastern coun

elasticity, which is estimated with a standard error roughly com

itself.

deployment path—capacity rose by roughly a

third sub-periods, as Table 6 shows—leay

whether it can.

Table 9. Conditio arginal Effect of Log Solar Capacity at Selected Curtailment Rates

Curtailment | dln GML /0
SE t p
(%) In Solar

4.48 0.0249 0.0296 0.84 401
6.41 0.0243 0.0296 0.82 411
eastern regional mean 11.83 0.0228 0.0296 0.77 442
estern regional mean 16.31 0.0215 0.0296 0.73 468

Tibet (sample maximum
27.68 0.0183 0.0297 0.62 538

region)

Note: Marginal effects are computed from column 3 of Table 8 as f: + s x Curtailment, with standard errors obtained from the delta method
using the province-clustered covariance matrix. The attenuation of the elasticity between zero curtailment and the Western regional mean is
13.7%, and between zero curtailment and the Tibetan mean is 26.5%.
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Table 10 reports the Hansen (1999) threshold estimates. In specification A, in which log solar
capacity is permitted to exert regime-dependent effects and the curtailment rate serves as the threshold
variable, the concentrated sum of squares is minimised at ¥ = 10.03%, with a 95% likelihood-ratio
confidence interval of [3.81%, 12.52%]. The sample splits into 262 observations in the low-curtailment
regime and 158 in the high-curtailment regime. The likelihood-ratio statistic of 11.21 yields a bootstrap
p value of .073, so the existence of a threshold in the capacity coefficient is supported at the 10 1
but not at the 5% level. The regime-specific slopes are 0.0266 below the threshold and 0.0221 aBev

low-transmission regime and —0.1188 (p =.016)

ger n&smaller, where interconnection capacity

t the efficiency of resource use, since the binding constraint is structural

threshold therefore identifies the transmission capacity below which

he regime coefficients nonetheless display the anticipated pattern of a sign reversal, from 0.0172
the threshold to —0.0660 above it, and the point estimates are consistent with the interaction

evidence of Table 8 even though they are not individually significant.

Table 10. Hansen (1999) Fixed-Effects Threshold Regression Estimates
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Regime-dependent Threshold
Model Y [95% CI] LR Bootstrap p ni/ n:
regressor variable

10.03% [3.81,
A In Solar capacity Curtailment rate 12.52] 11.21 .073 262 /158

10.03% [3.81,

B Curtailment rate Curtailment rate 8.90
14.59]
Transmission 23.71 GW
C Curtailment rate ) 12.01
capacity [23.40, 47.65]

Note: Regime-specific coefficients (province-clustered standard errors in parentheses). Model A: 61 = 0.0266 (Q
curtailment control =—0.0913 (0.0463), p = .049. Model B: 6: = 0.0172 (0.0454), 6> = —0.0660 (0.0415). Mode
=-0.1188 (0.0491), p = .016. Regime 1 comprises observations at or below y. All models include province and ¥
control vector. Bootstrap p values are based on 150 fixed-regressor replications. LR = likelihood-rati
95% confidence interval for y is the set of candidate values satisfying LR(y) < 7.35.

Estimation of the interaction specification separately by macro-region,

indicates that the pooled result is not driven by a single region af@ghat the me

variation in grid absorption is associated wit exible, dsima#d-following deployment typical of

eastern distributed generation, whereas in -curtaiment environment additional capacity

ated variance inflation factors, leaves the interaction essentially unchanged at —0.0283 (p =

Two exercises qualify the result and are reported in the interest of full disclosure. Excluding Tibet,
the extreme observation in the curtailment distribution, attenuates the interaction to —0.0262 and raises
its p value to .167; and restricting the sample to 2010-2019 reverses the sign to +0.0145 (p = .548).
Taken together these two checks indicate that the identification of the interaction draws materially on

the tail of the curtailment distribution and on the final four years of the sample, during which western

213



deployment accelerated most sharply. The finding should therefore be characterised as robust to the
choice of estimator, variance estimator, and functional form, but as dependent on the inclusion of the
high-curtailment observations and the recent period in which the integration constraint became binding.
That dependence is substantively coherent—the mechanism can only be identified where and when the
constraint actually operates—but it counsels against extrapolating the estimated attenuation to

environments in which curtailment is uniformly low.

Table 11. Regional Subsample Estimates of the Interaction Specification

Variable

Eastern

Central

Western

In Solar capacity

~0.0050 (0.0464)

~0.0533 (0.0874)

Curtailment rate

~0.1099 (0.1084)

0.1710 (0.3180)

In Solar x Curtailment

0.0451* (0.0261)

~0.0510 (0.1597)

—0.09927*
(0.0255)

In Transmission

0.0300 (0.0416) Not estimable

capacity

In Utilisation hours —0.0015 (0.0431) | —-0.0114 (O™ (0.0417) | Not estimable
ETS pilot dummy 0.0061 (0.0064) 0.0118* (0.08 —B0126** (0.0063) | Not estimable
R? (within) 466 ‘ 775 —
Observations 140 4 154 42
Provinces 6 11 3

.01.

ss of the Solar x Curtailment Interaction

B3 SE p Observations

—0.0285 0.0104 .007 420

—0.0285 0.0129 .028 420

—0.0037 0.0013 .007 420

—0.0283 0.0105 .007 420

Olar capacity per capita —0.0270 0.0202 181 420
Tibet excluded —0.0262 0.0189 167 406
Restricted to 2010-2019 0.0145 0.0241 .548 300

Note: B is the coefficient on the interaction between solar capacity and the curtailment rate. Standard errors are clustered at the provincial
level except in row 2. In the levels specification the interaction is formed with capacity measured in gigawatts rather than in logarithms, so the
coefficient magnitude is not directly comparable with the remaining rows.
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5. CONCLUSION

This study examined whether the expansion of solar photovoltaic capacity in China has translated
into gains in regional environmentally adjusted productivity, and whether that translation is conditional
upon the capability of the transmission network to absorb the resulting generation. Using a balanced
panel of 30 provinces observed annually from 2010 to 2023, green total factor productivity was
measured through a Global Malmquist-Luenberger index estimated by data envelopment analygiS with

carbon dioxide emissions treated as an undesirable output, and the resulting series was an

static two-way fixed-effects and Hansen threshold regression frameworks.

ally systematic dispersion. The
O in the Western macro-region, a
differential of 29.3%, notwithstanding that th regi@ deployed 85% more solar capacity per
province. The provincial ordering is ne of the ordering by curtailment: the pooled
correlation between log green producti@ ailment rate is —.806, whereas the correlation

with log installed capacity is

conometric analysis confirms that installed capacity and grid absorption

te additively. In the preferred two-way fixed-effects specification the

Fourth, threshold estimation indicates that the relationship is not merely attenuated but
structurally regime-dependent. A transmission capacity threshold of 23.71 GW is identified with a
bootstrap p value of .007, below which the operational relationship between curtailment and productivity

changes character; 81 of the 420 province-year observations, concentrated in Tibet, Qinghai, Ningxia,
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Gansu, and Xinjiang, fall in this regime. A curtailment threshold in the neighbourhood of 10% is also
located, though it attains only marginal statistical support (bootstrap p = .073). Sub-period analysis
further establishes that the Eastern—Western gap widened from 0.231 to 0.255 index points across the
three sub-periods despite near-identical proportional growth in all four regions and a substantial absolute
decline in Western curtailment from 18.57% to 12.55%, indicating that grid improvements have been

consistently outpaced by the deployment they were intended to accommodate.

Taken together, these results support a qualified rather than an unconditional a;

resistant to closure.

The study contributes to three connected literatures.
productivity measurement it offers a province-level appli
framework that isolates the infrastructural, as distinct
productivity growth. Much of the existing work in this trad déomposes productivity change into
efficiency and technical components without g@Kingwhat physicCal conditions govern whether a given

technology can be brought into producti e, the pre ea analysis suggests that for intermittent

renewables this question is not second

cfithan¥a convergence mechanism. Because renewable resource endowment is concentrated in the
provinces while consumption is concentrated in the east, a policy that allocates capital to
eldowment rather than to absorptive capability reproduces the spatial inequality it was in part intended

to remedy.

Three implications follow from the empirical findings, ordered by the strength of the evidence

supporting them.
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» Sequence transmission investment ahead of generation investment in resource-rich provinces.
The transmission threshold identified in Model C of Table 10 (23.71 GW, bootstrap p =.007)
is the most statistically secure non-linearity in the analysis, and the provinces falling below it
are precisely those occupying the bottom of the productivity ranking. National planning that
continues to subsidise capacity additions in western provinces without a prior or simultaneous
expansion of ultra-high-voltage interconnection can be expected to reproduce the o d

pattern in which the largest fleets deliver the smallest productivity returns. The§po,

instrument implied by the evidence is not a reduction in renewable ambition

of the investment sequence.

* Adopt curtailment as an operational planning criterion rather than §

are unlikely to yield productivity returns co

resources are better directed towards 1o€ demand-side flexibility, or

interconnection. Given the width of't any single figure as a hard regulatory

by underlying regional development, and this recommendation should be

as suggested by the descriptive evidence rather than established by the estimates.

ofdinary by any international comparison, but the spatial mismatch between the location of
*ration and the location of consumption, and the institutional and physical mechanisms available to

bridge it.
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BALANCING PUBLIC HEALTH AND ENVIRONMENTAL SUSTAINABILITY: THE
ROLES OF BIOCAPACITY AND RENEWABLE ENERGY IN G20 ECONOMIES
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ABSTRACT

This study examines the long-term determinants of ecological foot, yconomies
between 2000 and 2021, focusing on the roles of government health expendifhre, Biocapacity, renewable

energy, and economic growth within the framework of the Enviropgmental Kuzne e (EKC). Given

the strong cross-sectional dependence and slope heterogeneity @ CO ntr'@, the analysis employs

second-generation panel techniques: the Pesaran CD teg

Keywords: Ecologicqiootprint, h Expenditures, Renewable Energy, Panel ARDL.

JEL Codes: H51, QO

1. INTRODU
N

Developed and developing countries face a variety of environmental problems, including CO2
emissions, climate change, global warming, overconsumption of natural resources, and biodiversity loss.
All these problems together have negative impacts on the environment and cause significant losses in
individuals' well-being and welfare (Ziaul & Shuwei, 2023). Climate change, in particular, is one of the
biggest problems because human activities disrupt ecosystem dynamics, making environmental
protection and sustainability even more important in this context (Nguyen et al., 2023). Global
environmental degradation, characterized by rising CO2 emissions and a widening ecological footprint,

poses a significant risk to the world and is driving global warming to more severe levels. This
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environmental degradation stems from countries' economic growth performance and their reliance on

predominantly non-renewable energy sources to achieve that growth (Idroes et al., 2024).

The ecological footprint assesses the gap between the availability of renewable resources and the
extent to which humans consume them (Eufrasio Espinosa & Lenny Koh, 2024). It is a technique used
to measure how much biologically productive land and water an individual or activity needs to produce
the resources it consumes and subsequently eliminate the resulting waste. Because the ecological
footprint takes into account various resource supplies, it is more advantageous for policymaking than
basing policymaking on a single ecological indicator (Sarwar et al., 2024). Therefore, the ecological
footprint is an important tool for monitoring trends in environmental degradation and evaluating the
effectiveness of measures to prevent, mitigate, and adapt to its negative impacts (Karimli et al., 2024).
Ecological footprint is becoming a preferred indicator in assessing environmental sustainability as a
comprehensive measure of environmental pressure (Li & Hassan, 2026), as an indicator of a more
comprehensive presentation of environmental degradation (Karabetyan & Sart, 2024; Saleem et al.,
2019; Majeed & Mazhar, 2020), and as a representative of environmental pollution (Ucan et al., 2024).
Considering the growth performance of world economies, the relationship between economic growth
and environmental degradation, particularly the inverted U-shaped link between income and
environmental pollution, is being questioned for both developed and developing countries under the
environmental Kuznets curve hypothesis (Lau et al., 2025). The environmental Kuznets curve
hypothesis posits an inverted U-shaped relationship between per capita income and various pollutants,
meaning that as income rises, environmental pressure increases up to a certain level and then declines.
This shows how environmental quality changes along with a country's prosperity (Dinda, 2004; Ostry,

2025).

G20 countries represent approximately 85% of global GDP and two-thirds of the world's
population, making them a significant economic and regulatory force (WEF, 2025). Given that the
biggest risks of the 21st century stem from climate change and increasing inequalities, they play a
decisive role in managing these challenges and achieving environmental transformation (Anderson et
al., 2025; Time Africa, 2025). The aim of this study is to identify the macroeconomic and environmental
determinants of ecological footprint for 18 of the world's largest economies within the G20 and to test
whether the Environmental Kuznets Curve (EKC) hypothesis is a comprehensive measure of
environmental pressure. Unlike the commonly used CO2 emissions indicator, the ecological footprint
captures all the impacts of human consumption on biologically productive land and sea and is therefore
considered a more important and inclusive variable for assessing sustainability. In this context, the long-
term relationship among four variables expected to affect the ecological footprint is analyzed for these
selected countries: economic growth (for the EKC), government health expenditure (the longevity-

consumption mechanism), biocapacity, and renewable energy share.
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The study consists of five sections. The introduction is the first section of the study. Thereafter,
the second section is devoted to literature review. In the next two sections, the data set of the study, the
definition of the variables, and the methodology are stated. And finally, in the fifth section, the result of
the study is explained.

2.LITERATURE REVIEW

r~

The literature reveals that various factors influencing the ecological footprint are included, which
can be grouped as economic, social, and political (Behera et al, 2024), such as income, education, and
entrepreneurship (Karabetyan & Sart, 2024; Li & Hassan, 2026), and institutional quality (Raza et al.,
2023).

In the literature, income is predominantly highlighted as one of the most influential variables on
the ecological footprint, and this is interpreted in terms of the validity of the EKC hypothesis (Georgescu
& Kinnunen, 2024; Giileg et al., 2026; Nica et al., 2026). According to a study analyzing the long-term
and short-term causality between ecological footprint and GDP, FDI, and energy use in Finland for the
period 1990-2021 (Georgescu & Kinnunen, 2024), long-term increases in GDP and FDI increase the
ecological footprint, while energy use positively affects it. Furthermore, the existence of a U-shaped
Environmental Kuznets Curve between GDP and ecological footprint is confirmed. Similarly, Giileg et
al. (2026) empirically test the determinants of ecological footprint in E-7 countries during the period
1992-2022 using variables such as real GDP per capita, renewable and non-renewable energy
consumption, trade openness ratio, gross fixed capital formation, and labor force participation rate. The
coefficients related to economic growth confirm the Environmental Kuznets Curve hypothesis regarding
the relationship between ecological footprint and these variables. Non-renewable energy consumption
increases environmental pressure, while renewable energy has a mitigating effect. The trade openness
ratio was not statistically significant. In addition to studies that conclude that improvements in
institutional quality indicators positively affect countries' economic growth, there are studies that reach

different conclusions.

ﬁ et alZOZZS) evaluate the long-term impact of technological innovation, renewable energy,
forei%ligﬁnve;ment, urbanization, GDP, and institutional quality on the ecological footprint in G20
countries between 1990 and 2021. The study's long-term predictions show that technological innovation,
renew.able energy consumption (alone), and institutional quality, when considered together, negatively
impact the ecological footprint. A positive relationship exists between ecological footprint and foreign
direct investment, economic growth (GDP), and urbanization in G20 countries. Kumar & Datta (2023)
examine the impact of economic growth, foreign direct investment, urban population growth, and energy
consumption on both ecological footprint and CO2 emissions for G20 countries (excluding the EU
group) between 1990 and 2018 using PMG/ARDL and Granger causality tests. The results show a long-

term cointegration relationship between the variables. In the long term, economic growth and
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conventional energy use reduce environmental quality, whereas urbanization and foreign investment
improve it. In the short term, there is a bidirectional causal relationship between ecological footprint,

economic growth, and non-renewable energy consumption.

Uddin et al. (2017), examining the effects of real income, financial development, and trade

openness on the ecological footprint (per capita) of consumption in developed and developing countries

with significant ecological footprint scores in the world during the period 1991-2012, found a

and significant relationship between ecological footprint and real income, while trade op

causality between economic growth and ecological footp

et al., focusing on BRICS countries during

ane emissions. The study by Ullah et al. (2023) investigates the impact of

esources, urbanization, and biocapacity on Tiirkiye's ecological footprint

mong the factors affecting the ecological footprint, biocapacity is also mentioned in the
re (Saleem et al. 2019; Majeed & Mazhar, 2020; Danish et al. 2019; Ullah et al., 2023). Sarkodie's
(2021) study examines 188 countries and regions between 1970 and 2017, considering dependent
variables such as carbon footprint, ecological footprint, and ecological status, as well as biocapacity,
population density, income, and trade. The study's findings do not support the inverted-U shape
predicted by the EKC hypothesis in the relationship between economic growth and ecological footprint.

This result indicates that as biocapacity increases, it positively affects environmental quality. The
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relationship between ecological footprint and trade, income, human capital, and biocapacity is measured
for selected countries grouped into high-, middle-, and low-income categories during the period 1961-
2018. Human capital has a negative effect on the ecological footprint across all income levels.
Biocapacity has a positive and significant effect for high- and middle-income countries, meaning that
an increase in biocapacity increases the ecological footprint. An inverted U-shaped relationship exists
between per capita income and ecological footprint in high-income and OECD countries (Maj
Mazhar, 2020). This study examines the relationship between economic growth and ecological fa@t

in Pakistan using data from 1971-2014 and the ARDL approach. GDP, human capital, big@ap

are included in the model. Both economic growth and biocapacity increase the ecolggical Tootpgint.

ecological footprint. In addition, renewable energy consump
significant effect on the ecological footprint. Furthermorg€ ecd

effect on the ecological footprint.

Using a panel dataset covering the peri 2023 for G7 countries, they examined the causal

relationship between carbon footprint (d %d macroeconomic variables (economic
growth, population change, renewable

VAR model and Granger causalj

reduce the carbon footprint, e economic gfi@Wwth and population change increase it. The results show
bidirectional Granger causali een the carbon footprint and renewable energy consumption (Aslan

& Topguoglu, 2026

Sun & Stephen 6) analyze the impact of fiscal policy, natural resource rent, environmental
i tion on ecological footprint in G-20 economies during the period 1990-
RDL framework. Fiscal expansion and resource dependence increase ecological

ctive governance and green innovation mitigate them. Li & Hassan (2026) examine

al sustainability in G-20 countries for the period 2000-2022 using the Driscoll-Kraay and

DL models. Increased natural resources and urban population reduce ecological pressure, while

¢, financial resources, and education increase the ecological footprint. The study by Karabetyan &
Hassan (2026) tests the relationship between entrepreneurial activity, education, and renewable energy
use (the explanatory variable) and ecological footprints in selected G-20 countries between 2002 and
2020. A unidirectional causal relationship is found between entrepreneurial activity, education, and
ecological footprint. Education, the use of renewable energy, and entreprenecurial activities have

generally reduced the ecological footprint in the long term in most of the countries studied.
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3. DATA SET

This study covers 18 G20 economies (Argentina, Australia, Brazil, Canada, China, France,
Germany, India, Indonesia, Italy, Japan, Mexico, Russia, South Africa, South Korea, Turkey, the United
Kingdom, and the United States) observed annually between 2000 and 2021, representing a balanced
panel of 396 observations. The dataset includes all G20 countries except the European Union and Saudi

Arabia. The dataset ends in 2021, as the renewable energy series is not yet available.

Table 1. Variable Definitions and Transformations

Variable Definition Source Form
ef con Ecological footprint of consumption per capita Global Footp 1
(oha) NAFYar hendent)
Gdppc GDP per capita (constant 2015 USS$) World‘ank ‘IDI o log +
- camared
Biocap Biocapacity per capita (gha) { al Footpm log
\ALY/a)

Hexp Current health expenditure (% of GDo\w@ank WDI level
Rec Renewable energy consumptio“"io of ﬁnNJWorld Bank WDI level

AN Pl"("/\

&
Note: Quantity and monetary variables enter in logs (elasticity 1‘rpret n and scHI® control); shares enter in levels (semi-elasticity).

Table 1 shows the model variables, re th re obtained from, and how they were used.

During data validation, South Korea's ecological-footprint and biocapacity values were found to
V4 |V 4

correspond to the “Grazing Land” sub-component rather than the “Total” column of the Global Footprint
A v
Network dataset (e.g. fo’otprint of 0.18 instead of 5.26 gha in 2000). These two series were corrected to
AN
the Total column for all years; all other countries were unaffected. The correction materially improved
V4 ”

«
the analysis (e.g. the footprint—income correlation rose from 0.48 to 0.91). Descriptive statistics are

presented in Table 2.
A able 2. Descriptive Statistics (levels, 2000-2021)
@ble‘ ‘ Mean Std.Dev. Min Max
ol 1 footpr‘int (gha) 4.619 2.264 0.715 10.978
Biod@pacity (gha) 3.932 4.614 0.297 17.764
h exp. (% of GDP) 7.831 3.246 1.853 18.516
GDP per capita (2015 US$) 23,646.9 18,030.1 756.7 62,680.3
Renewable energy (%) 14.799 12.495 0.700 50.000

Note: Descriptive statistics (N = 396). Biocapacity shows the widest dispersion (std > mean), reflecting large differences between resource-
rich (Canada, Brazil, Australia) and resource-scarce economies.
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Since G20 economies are highly integrated, the estimation strategy was designed to account for
cross-sectional dependence and parameter heterogeneity. First, the Pesaran (2004) CD test is applied to
assess cross-sectional dependence and to validate second—generation methods. The presence of slope
homogeneity is assessed using the Pesaran-Yamagata (2008) A test to select between pooled and
heterogeneous estimators. The analysis process continues with the Pesaran (2007) CIPS/CADF tests,
which are robust against cross-sectional dependence. Cointegration is tested using error-cort -

based evidence (Westerlund 2007 framework), supported by a pooled error-correction term. Fin

panel ARDL approach developed by Pesaran, Shin, and Smith (1999) is used to esti
relationships; Pooled Mean Group (PMG) and Mean Group (MG) estimators arg

Hausman test to determine whether long-term coefficients are homogeneous amofig
4.METHODOLOGY

4.1. Cross-Sectional Dependence

The Pesaran CD test rejects cross-sectional independe % level for each series,

confirming widespread interdependence among G20 e an ering first-generation tests

obsolete.

Tableff. PeSaran (2004) CD

Variable ﬂtic V p-value Decision
S
In ecological footprint < 9.06 V 0.000 Reject HO

In biocapacity ( ‘6 .76 0.000 Reject HO
In GDP per CQ ‘ 40.84 0.000 Reject HO

%ﬁdiY‘ 28.40 0.000 Reject HO
— \ 4
I ReMle energ! 5.57 0.000 Reject HO

v

.2 Slope Homogeneity

The Pesaran-Yamagata test strongly rejects slope homogeneity for both the full EKC specification
and the specification without a quadratic term, indicating that the marginal effects of the determinants
differ between countries. This supports heterogeneous estimation (MG), while allowing PMG to remain

acceptable under long-term homogeneity.
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Table 4. Pesaran—Yamagata (2008) Slope Homogeneity Test

Specification A p-value A (adj.) p-value
Full model (EKC, k = 5) 9.64 0.000 11.56 0.000
Without squared term (k = 4) 12.52 0.000 14.56 0.000

4.3 Panel Unit-Root Tests

CIPS/CADF tests show that none of the series are stationary in levels (constant

which satisfies the requirement of the panel ARDL framework. (First differencags
are quite meaningful at low latency levels; attenuation at higher latencies re

rather than I(2) behavior.)

Table 5. Pesaran (2007) CIPS Panel [NTest
L 2

Variable CIPS (level) I\V(A’ Order
In ecological footprint —2.04 ‘\ \OO!!* I(1)
In biocapacity —h VS §okskk I(1)

In GDP per capita - *‘.1 1 I ‘> * —2.21% I(1)
(In GDP per capita)? ‘ ‘.02 —2.15% I(1)
P
Health expenditure 1 V —2.59%* I(1)
Renewable energy A -2.33 —3.34%%* I(1)
Note: Levels: constant + tre fferences: consi * k¥ kEkE denote stationarity at 10%, 5%, 1%. Critical values from Pesaran (2007) for

N,T in this range.

ing cointegration within the ARDL framework.

4.5.Long-run Estimates: PMG and MG

The PMG estimator (common long-run coefficients, heterogeneous short-run dynamics) was
estimated using the Pesaran-Shin-Smith condensed maximum likelihood algorithm and converged to
stable, theory-consistent estimates. For comparison, the MG estimator (averaged unrestricted country

regressions) has also been reported, but it is less sensitive due to its short time dimension (T = 22).
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Table 6. PMG Long-Run Estimates

Regressor (long-run) PMG coef. Std.Err. t Sig.

In GDP per capita —0.990 0.212 —4.66 HAK

(In GDP per capita)? 0.077 0.013 5.86

In biocapacity 0.783 0.102 7.68 **r
Health expenditure —0.009 0.007 -1.34 N

Renewable energy -0.016 0.002 -9.16 ‘ *
Error-correction term (@) -0.409 0.048 -8 *
Note: Dependent variable: In ecological footprint of consumption. *** p<0.01; n.s. = not significant.

Hausman test (MG vs PMG): ¥*(5) = 11.22, p = 0.047. The test s

income coefficient of -10.6), so the rejection is due to M \ n actual long-term

heterogeneity. Therefore, PMG has been adopted as the p

4.6. Model Diagnostics

Two post-estimation checks were run PMG residuals. The Pesaran CD test indicates

residual cross-sectional dependence (CD g .00k; mean pairwise |correlation| = 0.24), so the
assumption of cross-sectionally indepghdent§rrors not hold. Serial correlation, by contrast, is

negligible (mean residual AR(1)g —0.02; onlg2 8 countries exceed |AR(1)| = 0.3), confirming that

Diagnostic Value Verdict
Residual CDN 9.43 (p<0.001) cross-sectional dependence present
Mea ise Wesmls) 0.24 moderate
—-0.02 negligible serial correlation
w1th |AR(1)|> 0.3 2/18 no concern

MG point estimates remain consistent, but residual cross-sectional dependence affects the

tivity of the inference. This provides empirical justification for the next planned phase of the
project, which involves re-estimating the model with cross-sectionally enhanced estimators (CS-ARDL
or CCEMGQG) that are robust against cross-sectional dependence. The absence of residual series

correlation confirms that the dynamic specification itself is robust.
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5. CONCLUSION

In the era of climate change, countries face numerous risks and challenges in achieving
environmental sustainability. Economic growth-oriented economies achieve higher social welfare
through growth, but increased production and consumption lead to greater environmental pressure from

the use of natural resources. Improving environmental quality supports sustainability and development.

This study examines the long-term determinants of ecological footprint in 18 G-20 economies
between 2000 and 2021, focusing on the roles of government health expenditure, biocapacity, renewable
energy, and economic growth within the framework of the EKC. The negative, significant error
correction term (-0.41) in the analysis results confirms a stable long-term relationship. Income terms
form a U-shaped (negative linear, positive squared) curve with a turning point at In GDP = 6.46, below
the sample minimum (6.63). Ecological footprint increases with income across the entire observed
income range, and income elasticity rises from approximately 0.4 at low incomes to approximately 0.7
at high incomes. The inverted U-shaped Environmental Kuznets Curve is not supported by the
ecological footprint across 18 G20 countries. Of the variables, biocapacity shows a positive and highly
significant long-term elasticity (0.78). A 1% increase in biocapacity is associated with a 0.78% increase
in the carbon footprint. When income is controlled, health expenditure is not significant in the long term.
Although strongly correlated with the carbon footprint (0.68), this relationship appears to operate
through income (the two are correlated at 0.76); the proposed long-life-consumption channel does not
exist as an independent long-term effect. Renewable energy has a strong negative impact on the
ecological footprint. A one-point increase in the share of renewable energy reduces the carbon footprint
by approximately 1.6%. This emerges as the clearest finding in terms of policy and the study's
hypotheses.

The study results show that in 18 G20 economies between 2000 and 2021, the ecological footprint
of consumption is cointegrated with income, biocapacity, health expenditures, and renewable energy.
Long-term evidence demonstrates that: (i) the ecological footprint increases with income throughout the
observed period, and there is no inverted U-shaped Environmental Deficiency Curve (EDC); (ii)
biocapacity increases the ecological footprint; (iii) health expenditures have no independent long-term

effect; and (iv) renewable energy significantly reduces the ecological footprint.

From a policy perspective, the results show that economic growth alone does not automatically
yield environmental gains for large, developed economies, and that expanding the share of renewable
energy is the most effective means of reducing the ecological footprint. Therefore, economies need to
focus on policies that prioritize a green economic transition by shifting away from non-renewable energy
sources. However, the study also has some limitations. In this context, the MG estimates are imprecise
due to the short time dimension (T = 22) for country-specific estimation, whereas PMG is a reliable

estimator. Expanding the sample to include renewable energy data from 2021 onwards and examining
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health expenditures by disaggregating them from other alternative indicators will further develop the

analysis in future studies.
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1. INTRODUCTION

Mergers and acquisitions are happening at a record pace around the world, but there’s a catch: a
shocking number of these deals fail to deliver on their financial and strategic promise. Often, the problem
isn't the numbers, it's the people. The human and cultural side of a deal gets mishandled, and the whole

thing falls apart.

We know that strong leaders are critical for navigating these disruptions and blending dfiferg

company cultures. And yet, while everyone in the business world stresses the importance

a senSe of purpose, which helps everyone navigate the uncertainty of change. They
connecting with people on an emotional level and being someone employees can
(1978) and Bass (1985) describe transformational leaders as building commitment
d@glized influence and emotional connection. It’s no surprise, then, that this approach boosts

[ and helps keep people from leaving. By creating a positive, supportive work environment, these
’rs can dial down the anxiety and stress that mergers often cause. They help maintain a sense of

who the company is, which can ease the feeling of loss that many employees experience.

On the other hand, there's transactional leadership, which is built on clear roles, rules, and a
system of rewards and punishments. These leaders make expectations clear and offer specific incentives
for following the rules. While that can keep operations stable, it often lacks the personal trust needed to

get through a turbulent period of change. This style is more of an "order-based approach" that relies on
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a reward-punishment system rather than charisma or mutual trust. Research suggests that focusing only

on transactions isn't enough to meet employees' emotional needs during a merger.

Instead, many argue for a blended approach. The most effective leaders combine the vision of a
transformational style with the structure of a transactional one. Ultimately, no leader is purely one or

the other. In the wake of a merger, flexibility and balance are everything. As Szab6 and Mishin (2023)

environments.

2.2. Authentic and Ethical Leadership

e Authentic Leadership

xplicitly describing his own uncertainties and inviting questions. Follow-up
at employees found this approach reassuring and felt “we were in this together.”
eadership theory: Avolio et al. (2004) note that authentic leaders tend to have high

se followers sense their genuineness.

roposition 1: Authentic leadership by top executives and integration managers will positively
iMluence employee trust and identification with the merged company.
Proposition 2: Perceived leader authenticity will moderate the negative effect of integration-related

uncertainty on employee commitment.

e FEthical Leadership
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Brown and Trevino (2006) conceptualized ethical leadership as leaders who are “normative
decision-makers” and “moral persons.” They demonstrate ethics through fairness (justice) and role
modelling (walking the talk). In M&A, ethical leadership can manifest in transparent decision processes
(e.g., explaining how layoffs were decided) and equitable treatment across legacy groups. This matters
because mergers are often viewed through a fairness lens: employees ask “Are we getting a raw deal

compared to Company X’s people?”

Studies outside M&A consistently find that ethical leadership builds trust and pro-o

Proposition 3: Ethical leadership pra

ranspcgncy, fairness) during integration will
reduce employee cynidlbm and resistance.
Proposition 4: The positive effect of ethlical [adershglon employee cooperation will be mediated by

perceived procedural justice.

leaders lacking aut thics exacerbate the “psychological contract breach” that often occurs in

mergers. In like trustworthiness and integrity become bridges across the institutional

g employee responses to mergers and acquisitions and, by extension, their readiness for

during post-merger integration. In the M&A context, strategic leadership refers primarily to the
a@flons of the top management team in setting the overall direction of the merger, emphasising a clear
vision for the combined organization, and aligning structures, systems, and culture with that vision
(Cannella & Hambrick, 1993; Eisenhardt & Zbaracki, 1992). Senior executives are responsible for
explaining why the merger is taking place, what strategic and operational synergies it seeks to realize,
and how the integration process will unfold over time (Haleblian, Devers, McNamara, Carpenter, &

Davison, 2009; Marks & Mirvis, 2011). By framing the merger as a purposeful, value-creating initiative
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rather than a purely financial transaction, strategic leaders can provide employees with a sense of
direction and reduce ambiguity about the future (Cartwright & Schoenberg, 2006; Haspeslagh &
Jemison, 1991).

The way in which this vision is communicated is particularly salient. Research on change
leadership emphasizes that frequent, transparent, and consistent communication from top management
is associated with higher levels of trust, perceived fairness, and acceptance of change (Kotte 5;

Schweiger & DeNisi, 1991). In merger situations, clear communication about inte

expected benefits, and potential risks can help employees make sense of the change§@nd agess

of the merger, signaling commitment to the process and r

(Cartwright & Cooper, 1993; Marks & Mirvis, 2011).

to change. LMX theory posits that leaders fo

in terms of trust, mutual respect, and

exchanges with their subordinates are also better positioned to involve them in problem solving,
it feedback about integration challenges and tailor support to individual needs. All these can
enhance perceptions of efficacy and control, key components of readiness for change (Armenakis &

Harris, 2002; Holt, Armenakis, Feild, & Harris, 2007).

Leadership research in M&A further suggests that specific leadership styles may interact with

LMX quality to shape integration outcomes. Reich (2011), for example, argues that transformational
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leaders who articulate an appealing vision, demonstrate individualized consideration, and inspire
followers, are particularly effective when they also cultivate high-quality leader—-member exchanges.
This combination enables leaders to build new cross-organizational social networks rapidly, bridge
legacy group boundaries, and foster a shared identity in the merged organization. Similarly, work on

authentic and ethical leadership indicates that when employees perceive their leaders as transparent, fair,

and value-driven, they are more likely to trust managerial intentions. They can accept di It
integration decisions, and remain engaged despite short-term disruptions (Avolio & Gardne
Walumbwa, Avolio, Gardner, Wernsing, & Peterson, 2008).

Taken together, these perspectives indicate that strategic leadership ap MX op@ratofat
complementary levels in mergers and acquisitions. At the macro level, strategic Q@ pPPLovics the

overarching narrative, sets priorities, and aligns structures and cultures acg@ss
3. LEADERSHIP ACROSS M&A PHASES

3.1. Pre-Merger Phase *

Leadership starts before the deal closes. Pre-merge@a e strategic planning, cultural

nsparent early communication. Leaders should inform

nge and involve managers in planning. (Junni & Sarala, 2014)

itically affect employee reactions. Leaders must balance delivering strategic

ing human concerns. Key practices during integration include:

Clear, frequent communication. Leaders should deliver consistent messages on the merger
Ston, goals, and expected changes. Day-1 announcements and regular updates reduce rumor
and anxiety. For instance, a prominent senior leader serving as a “visible anchor” can comfort

employees during this turbulent time.

» Trust and inclusion. Transformational behaviors are crucial here. By articulating an inspiring
purpose and involving employees in integration teams, leaders build trust and buy-in. Mishra et
al.’s study of Indian telecom M&A highlights trust: they found that preserving trust in the

organization and its leaders post-merger was essential because employees often felt estranged.
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Leaders who consistently demonstrate fairness, listen to employee concerns, and show empathy

can counteract the inevitable uncertainty.

» Culture integration. Leaders must actively manage cultural differences. This can involve joint
workshops, forming cross-company teams, or celebrating shared values. Research indicates that

leadership behavior is a major factor in creating a cohesive culture. Able (2007) summarized

Towers Perrin findings that effective M&A leaders inspire “coherence, community andftrust”

consciously retaining key cultural elements of each legacy firm.

» Middle management empowerment. Line managers on the ground play

integration. Javalquinto (2025) found that middle managers in the tar;

, benefits, evaluations) falls

RM practices amplify leadership’s

4. CROSS-COUNTRY EVIDENCE AND CASE STUDIES

Research on M&A leadership spans many contexts, though coverage is uneven. Table 1 below

summarizes key studies from different regions:

Table 1. Summary of Selected Studies on Leadership in M&A by Country/Method and Key
Findings
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prudy Country/Context [Method/Sample [Key Findings

(Authors)

Reich (2011)USA Conceptual Proposed that transformational leadership and high LMX
facilitate post-merger work-group socialization and acceptance of
change.

Canterino etltaly Mixed  methodsFound that HR  practices enhancing

al. (2024) (survey +participation mediated the positive effect of trang

interviews) leadership on satisfaction and commitm
importance of local managers’ behaviours in

Sari & Fauzilndonesia Qualitative Identified that post-merger transform

(2026) visionaries, role models, and emotio
employees cope with unclear
by fostering acceptance and ¢

Mishra et al|India (Telecom) (Case study

(2018)

Mogale South AfricaQualitative

(2022) (Telecom)

new leadership... the organization started
ing wel’ underlining leadership’s pivotal role in success.

Javalquinto [International Literature ¢ key leadership competencies for M&A success

(2025) (ISCAE caseand case a -solving, communication, etc.) and found middle

studies) gers in targets and senior leaders in acquirers most critical.

ecommended evaluating leadership capability in due diligence

and retaining target’s middle managers.

In addition t

CS

S€ naj

dies, numerous anecdotal and industry sources reinforce similar themes.

ives from Europe and Asia stress that aligning corporate culture and

ership behavior are decisive factors in cross-border deals.

1 Effects and Moderators

. Leadership in M&A Exerts Effects at Multiple Levels:

Individual level: Employees’ attitudes and behaviors (job satisfaction, commitment, readiness

for change) are directly shaped by leadership style and communication. Empirical evidence

shows transformational leadership correlates with higher job satisfaction and affective

commitment during integration. Similarly, high-quality LMX relationships increase employee

engagement and reduce turnover intentions.

found

that  trans

formational

leadership,

Team level: Leadership fosters team learning and ambidexterity. Nemanich & Vera (2009)

together with a learning culture,
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promoted ambidexterity (the ability to explore new ways while exploiting existing strengths) in
acquisition teams. Employees reported adopting agile strategies (e.g. role flexibility,
collaboration across units) under strong transformational leaders. Leadership also shapes social
networks: good leaders integrate previously separate work groups through cross-functional

teams and mentoring.

influence organizational justice perceptions: fair treatment in pro
signaled by leaders) can shape organizational commitment.
4.1.2. Mediating Factors TS
The impact of leadership is often contingent on co
Key mediators identified include:

A leader's impact doesn't happen in a vaglium-$8it all dezends on the situation. Several factors can

make or break their effectiveness durin ger:

e  Culture, trust and open commuicati

disconnected. This is 1ally true in international mergers, where cultural differences (e.g like how
uncertainty), can totally change how a leader’s message is heard. Good,
ation always makes a huge difference. Research shows that things like well-
tion programs and giving people a “realistic preview” of the merger can really help
srves. When leaders keep the lines of communication open, they help people feel less

and start to see themselves as part of the new company.
Supportive HR and process fairness

cader's efforts are much more powerful when backed by good HR policies. It’s simple: leadership
and HR have to be on the same page. A charismatic leader’s promises don't mean much if they aren't
supported by fair practices, like a clear and transparent promotion process. If employees believe that big

decisions like layoffs or promotions are being handled unjustly, they’ll lose trust in the merger, no matter
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how inspiring the leader is. Even the most visionary leaders have to make sure their decisions are seen

as legitimate, or they risk losing people's commitment.

Ultimately, leadership isn't a solo act. In a merger, a leader's success is magnified when they tackle
cultural issues head-on, champion fairness, and have solid HR systems to back them up. On the flip side,
even great leadership can backfire if communication is poor, or if people see their leaders as

untrustworthy or simply bad at bringing two different cultures together.
Outcomes: Integration Success and Employee Impact

Leadership influences a broad range of outcomes in M&A:

o Integration success: Many studies use integration performance (financial

create “‘commitment, engagement, confidence

integration success.

Employee readiness and attitudes: Le marke ffects how ready employees are to

ur r&lew, retaining target-company managers was highlighted. Javalquinto (2025) reports

o@ retention of middle managers in the acquired firm “may have a positive impact on
itegration results”. This underscores that leaders’ ability to convince and motivate critical
loyees can curb talent loss. In contrast, leadership missteps (e.g. ignoring employees’

concerns) can accelerate exits.

e Performance and innovation: Effective leadership can spark innovation by encouraging
knowledge sharing and adaptability. Nemanich & Vera’s study suggests transformational
leaders in M&A contexts help teams become ambidextrous, combining exploitation of existing
strengths with exploration of new processes. While direct measures of innovation in M&A are

rare, this implies better innovation outcomes under visionary leadership. Performance-wise,
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1.

Mogale’s case study in South Africa showed that “because of the new leadership... the
organization started performing well”. In other words, turnaround in post-merger performance

was attributed to leadership-driven change.

4.2. Methodological Approaches and Measurement
The literature on M&A leadership employs a mix of qualitative and quantitative methods;

Qualitative case studies and interviews: Many insights come from in-depth case
interviews with executives or employees. For example, Sari and Fauzi (2026)
to understand employee perceptions of leadership in an Indonesian p
Mogale (2022) conducted interviews with South African telecom leade
management. These studies provide rich context, but often withma

n=10).

Surveys and longitudinal data: Other studies use survey oyees dugihg M&A or analyze

archival data. Canterino et al. (2024) combined a s er?ployees with follow-up

analyses like Javalquinto

ross thousands of acquisitions.

eption (MatSui et al.) finds that realistic previews

can causally reduce turnover intentionS?but thiese r&lfrequent.

, & well as objective indicators (turnover rates, financial

ting leadership’s effect amid many changing variables in M&A.

data can be biased. Finally, many studies focus on large corporations; SMEs or
blic-sector M&As might differ.

.3. Managerial Implications
For executives leading an M&A, the literature suggests several practical actions:

Engage leaders early (due diligence phase)- Evaluate the management culture and plan leader
roles in advance. Consider “behavioral due diligence” to assess leadership compatibility
(Gebhardt, 2017). Identify who will stay or leave, and plan leadership communication strategies

before closing.
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2. Communicate vision and rationale- From announcement onward, leaders must deliver a clear,
compelling message about the merger’s purpose. As Able (2007) notes, good leaders “imbue
employees with...confidence and comfort to work through difficult transitions”. Visible,

credible leadership reduces anxiety. Senior leaders should appear together to show unity of

command.

election of integration teams, communication planning, "behavioral due diligence")
ore deal closure affect outcomes. Investigating leaders’ roles in due diligence and negotiation

would help fill the noted void.

Cross-cultural comparisons: Most empirical studies focus on Western contexts (US/Europe).
How do leadership styles need to adapt in high power-distance or collectivist cultures? India’s
telecom case is a start, but similar studies in China, ASEAN, or Africa would broaden
understanding. Likewise, country-specific expectations (e.g., paternalism in some Asian

cultures) could moderate leadership impact.
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e Shared leadership models: Co-CEO or joint leadership in M&A is an intriguing but under-
explored phenomenon. Qualitative case studies of co-CEO structures (successes and failures)
could yield insights. Hypotheses might examine conditions (mutual trust, founder oversight)

under which shared leadership improves integration vs. when it causes conflict.

e Longitudinal and experimental designs: The field lacks longitudinal tracking of leadership

effects over time. Panel surveys of employees at multiple integration stages could revea

patterns (e.g., does early transformational leadership predict retention 6 months

fruitful.

e Multi-level modeling: Future studies should more explicitly mqg ine , and

Overall, advancing th#field will reqite interdisciplinary work, combining organizational
behavior, cross-cultura ent, and strategic management approaches to fully capture

leadership’s role in A.

leaders communicate clearly, align cultures, involve middle managers, and sustain trust
phout the merger process. The proposed multilevel model synthesizes these findings, emphasizing
that leadership must adapt across phases and interact with cultural and structural factors. Practically,
organizations should involve leadership in due diligence, train leaders in change communication, and

align HR practices with leadership strategies.

Going forward, scholars should broaden the empirical base (especially outside the West),

investigate pre-merger leadership activities, and examine novel leadership forms (e.g., shared
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leadership) in M&A. By deepening our understanding of “the human side” of mergers, future research
can help ensure more M&A deals realize their potential.
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BONUS ISSUE ANOMALY: SHORT-AND LONG-TERM PRICE EFFECTS IN BORSA
ISTANBUL
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ABSTRACT

abnormal returns are used to assess longer-term performance. A clear positive action emerges

around the announcement date. The response is stronger for ues finalged from profits and

profit reserves and for issues with higher ratios. Evidencg ov e orgons is less conclusive,

suggesting that the initial reaction does not necessari I, the results indicate that

investors in Borsa Istanbul appear to treat bonus issue anno as informative corporate signals.
Keywords: Bonus Issue, Event Study, Abnorm@ Ret!in, Bors‘lstanbul
JEL Codes: G14, G11, G32.

1. INTRODUCTION

A bonus issue allo firm to convadft its internal reserves into paid-in capital and allocate

Iders. Although the number of shares outstanding increases, the

ious studies indicate that announcements of such issues may be associated with

es and returns (Aslanoglu et al., 2020; Cukur & Eryigit, 2007).

nical accounting adjustment, interpreting them as signals about a firm’s equity position, past
profitability, growth prospects, or liquidity conditions (Isiker & Tasg, 2021; Suidarma et al., 2026). The

lower adjusted share price after the issue may also make the stock appear more affordable to some
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investors. Together with the increase in the number of shares outstanding, this perception may contribute

to a stronger short-term market response.

Research on bonus issues in Borsa Istanbul has largely concentrated on short-term market
reactions around the announcement or event date. For instance, some studies examine stock-return
behavior within event windows covering the five trading days before and after the announcement (Erol
& Aytekin, 2018; Kiigiiksille & Mizrahi, 2015). These studies provide evidence that bon

announcements can be reflected in stock prices, but they also show that the results are se

of directors' decisions on bonus issues

analyzed using the event study meth

adjusted abnormal returns and

VIEW

oretical approaches to bonus issues generally evaluate these transactions within the context

dtket efficiency, signaling theory, and investor behavior. Theoretically, bonus issues are technical
oggPrate actions that do not directly increase the total market value of a company or the wealth of its
shareholders. Nevertheless, market reactions to such announcements suggest that investors may interpret
bonus issue decisions not merely as accounting transactions, but also as signals containing information

about a firm's financial strength, past profitability, and prospects (Eris, 2009; Isiker & Tas, 2021).

Bonus issues, stock dividends, stock splits, and similar corporate actions are often described as

technical or even “cosmetic” transactions because they do not directly create firm value. Yet their
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announcements can still be followed by abnormal stock returns, which makes them relevant to the
literature on market anomalies. Several explanations have been proposed for this response, including
signaling, increased investor attention, changes in liquidity or the trading range, and behavioral factors.
Such reactions may be particularly visible in emerging markets, where investors can respond more

strongly to corporate announcements. Examining performance beyond the immediate announcement

period is therefore useful for determining whether these effects fade quickly or extend over a T

horizon (Kolari et al., 2021).

Studies examining the price effects of bonus issue announcements in Tiirkiye have generally

sed on short-term event windows. Kiigliksille and Mizrahi (2015) investigated the effects of bonus-
issue announcements on the market values of firms listed on Borsa Istanbul using the event-study
methodology. They reported that cumulative abnormal returns could remain positive throughout the

event window, although differences could emerge between average abnormal returns and cumulative
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abnormal returns. This result shows why the market response to bonus issue announcements should be

assessed over cumulative event windows rather than on the basis of individual trading days alone.

Erol and Aytekin (2018) analyzed how bonus issue announcements affected stock returns in the
Borsa Istanbul equity market. They treated the Capital Markets Board approval date as the event date
and focused on short-term event windows. Their results showed that cumulative abnormal returns did
not move in a single direction throughout the event period; positive values on some days were fglfowed

by negative values on others. This pattern points to a changing short-term market responsggait

of the initial price movement being corrected after the announcement.

Isiker and Tag (2021) looked more closely at the conditions that shape ma

issue announcements. Their analysis considered the source of the issue, the i

1 price effects than
eturns observed before the

ation leakage.

he event date, the length of the event window, market conditions, and the

| increase. Research on Tiirkiye has mainly concentrated on short-term

es, together with subgroup analyses based on the source of the issue, the issue ratio, and sector.
3. METHODOLOGY

This section describes the sample and data used in the analysis, outlines how short- and long-term

price effects are measured, and explains the structure of the subgroup analyses.

3.1. Sample and data set
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The sample includes Borsa Istanbul firms that announced bonus issues in 2024. The event date is
taken as the first public disclosure of the relevant bonus issue decision on the Public Disclosure Platform
(KAP), namely the date on which the board of directors’ decision became publicly available. Defining
the event date in this way allows the analysis to focus on the point at which investors first had access to

the information.

These screening steps resulted in a final sample of 102

Istanbul XU100 Index was used as the market return. Accordi

abnormal return of stock 1 on t 1s calculat
ARi,t = Ri,t - Rm,t 1)

where AR; ; d@hotes de abnorntal return of stock i on day t; R;; denotes the actual return of the
corresponding,stock o t; and R, ; denotes the market return on the same day. The return on the

de

as used as the market return.

ess the cumulative price effect of the announcements, four different event windows were
ed: (—1,+1), (0,+2), (—3,+3), and (—10,+10). Average abnormal returns (AARs) were calculated
by taking the cross-sectional mean of daily abnormal returns (ARs), after which cumulative average
abnormal returns were computed for the specified event windows. To limit the influence of extreme

observations on the results, abnormal returns were winsorized at the Sth and 95th percentiles.

3.3. Measurement of long-term price effects
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Long-term price performance was evaluated using the buy-and-hold abnormal return (BHAR)
approach. BHAR compares the compounded return of an individual stock with the compounded return
of the market index over the same post-announcement period. This makes it possible to see whether the
market response observed after a bonus issue announcement remains only a short-term effect or

continues over a longer investment horizon.

For stock i, BHAR over a t-day period is calculated, consistent with the literature, as the di
between the compounded returns of the stock and the market index as follows (Barbopoulo

Kolari et al., 2021):
BHAR; =TI(1 +R;t) —TI(1 + Rpmy) , t =1,..,n

where BHAR),; denotes the buy-and-hold abnormal return of stock i

Long-term performance was examined over two horizong
the announcement. The six-month BHAR (BHAR 6M) cover
window, whereas the twelve-month BHAR (BHAR 12
the (0,+251) window.

3.4. Subgroup analyses

To explore whether market rea

financed from capital rese hybrid issues that used both sources.

Second, the us issue ratio@gas considered. Based on the issue ratio, the sample was divided
into three groups: 1 elow, between 100% and 300%, and above 300%. This classification was

designed to e whether the market responds differently to low-, medium-, and high-ratio bonus

1Ssue announce

s' main sectors were taken into account. Accordingly, the sample was classified
groups—manufacturing, finance, and services—and short- and long-term abnormal

reported separately for these groups.

In the subgroup analyses, short-term price effects were compared using cumulative average
ormal returns. In contrast, long-term price effects were compared using six- and twelve-month buy-
and-hold abnormal returns. The results were evaluated to determine whether market reactions to bonus-

issue announcements differ by the source of the issue, the issue ratio, and sectoral characteristics.

4. FINDINGS
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After applying the screening criteria, the final sample consists of 102 observations. In terms of
the source of the bonus issue, the sample comprises 18 hybrid issues, 23 issues financed from profits
and profit reserves, and 61 issues financed from capital reserves. With respect to the issue ratio, the
sample includes 17 low-ratio (<100%), 40 medium-ratio (100%—-300%), and 45 high-ratio (>300%)
bonus issues. Based on the broad sector classification, the sample consists of 31 observations from the

financial sector, 24 from the services sector, and 47 from the manufacturing sector.

are presented in Table 1.

Table 1. Daily Average Abnormal Returns (%

Day AAR Day AAR Day

-10 0.17 -3 -0.06 +4 0
-9 0.38 -2 0.72* 5 21
-8 0.02 -1 1.24* 0.18
-7 0.02 0 2.44%* 0.18
-6 -0.54 +1 -0.1 -0.39
-5 0.09 +2 -0.98 +9 0.06
-4 -0.22 +3 -0.07 +10 -0.16

Note: * indicates statistical significance at the 10% leve

¢

2. Cumulative Average Abnormal Return Results

Window CAAR (%) p-value

3.49 <.001
(0,+2) 1.28 078
(-3,43) 311 .001
(-10,+10) 2.80 019

ablC 2 shows a positive cumulative market response to bonus issue announcements across all
evepfpwindows. The largest CAAR, 3.49%, occurs in the (—1,+1) window, covering the trading day
b8tore and after the announcement. This result is statistically significant at the 1% level and points to a

particularly strong response around the event date.

The broader event windows also produce positive and statistically significant CAAR values.
CAAR reaches 3.11% for the (—3,+3) window and 2.80% for the (—10,+10) window. The (0,+2)
window, however, yields a lower CAAR of 1.28%, with significance only at the 10% level. This pattern
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suggests that most of the market reaction occurs before and around the announcement date, while the

response becomes weaker in the days that follow.

Taken together, the CAAR results show that bonus issue announcements are associated with a
positive short-term market response in Borsa Istanbul. However, the weaker result for the (0,+2)
window, together with the negative AAR observed after the announcement, suggests that part of the

initial reaction is reversed in the following days.

Table 3. Long-Term Abnormal Return Results

Event Window BHAR (%) p-value
BHAR 6M 2.09 S1
BHAR 12M 7.90 .08

not show significant market-adjusted outperformance dur @ first gi months after the

announcement.

The twelve-month picture is somewhat differe

statistically significant at the 10% level. This

beyond the short run, although the evidence iffot e3peciallyggtrong. The negative median BHAR also

shows that this longer-term performanc

Compared with the short-term CAA the long-term evidence is clearly weaker. The

announcements are followe

a pronounc ice response over the short event windows, but the

evidence that this effect ver longer horizons is much less convincing.

Table 4. Abnormal Returns by Source of the Bonus Issue

CAAR CAAR CAAR CAAR

BHAR 6M BHAR 12M

('19+1) (0>+2) (_39+3) (_10’+10)
3 30%% 1.70 1.47 0.97 -18.56%*  -0.82
fits/Profit 5 SO0RKE  384%K 678%Rk  [033%kF 960 9.77
Reserves
Capital 61 2.64%* 0.19 2.21* 0.50 5.35 9.77
Reserves

Note: *** indicates statistical significance at the 1% level; ** at the 5% level; and * at the 10% level.
The source of the bonus issue appears to matter for the short-term market response. The clearest

reaction is observed for issues financed from profits and profit reserves. In this group, CAAR reaches
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5.90% for the (—1,+1) window, 6.78% for (—3,+3), and 10.33% for (—10,+10), with all three estimates
statistically significant. This pattern suggests that investors may attach greater informational value to

bonus issues funded from profits.

Bonus issues financed from capital reserves show a more modest short-term response. In this

group, statistically significant positive CAAR values appear only in the (—1,+1) and (—3,+3) windows.

For hybrid issues, significance is confined to the (—1,+1) window. The longer-term results
consistent across the three source groups. Six-month BHAR is positive and weakly signific
financed from profits and profit reserves, whereas it is negative and statistically signifi
issues. Overall, the source-based comparison provides clearer evidence for sho

term effects.

Table 5. Abnormal Returns (%) by Bonus Issue Ratio
CAAR CAAR CAAR

Issue Ratio N M  BHAR 12M

(-1,+1) (0,+2) (-3,+3)
Low (£100%) 17 1.58 0.95 0.29 -0.56
Medium (100%-300%) 40 2.24%* -0.37 20.53%#*
High (>300%) 45 533%¥*k D RT** -0.13

10,+10) windows.

Long-term p&giormafi€e does not follow the same pattern as the short-term results. Among the
three issue-ratio groupsN@nly the medium-ratio group records a statistically significant twelve-month

BHAR, at 20.2

a[lough larger issue ratios are associated with stronger short-term reactions,

¥cs not extend consistently to longer-term returns.

Table 6. Abnormal Returns by Sector (%)

N CAAR (-1,+1) BHAR 12M

31 3.67%** 26.07%*
Services 24 1.72 18.77%*
Manufacturing 47 4.29%** -9.64*

Note: *** indicates statistical significance at the 1% level; ** at the 5% level; and * at the 10% level.

The sectoral results in Table 6 point to differences in how the market responds to bonus issue

announcements. Over the short event window, positive and statistically significant CAAR(-1,+1) values
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are observed for firms in the finance and manufacturing sectors. In contrast, the short-term reaction in

the services sector is positive but statistically insignificant.

Over the long run, twelve-month BHAR is positive and statistically significant in the finance and
services sectors, whereas it is negative and statistically significant in the manufacturing sector. However,
given the absence of a consistent sectoral pattern across the short- and long-term analyses and the limited
number of observations within the subgroups, the sectoral results are more appropriately interpgted as

preliminary evidence.

5. CONCLUSION

and significant beginning two days bef

AAR is 2.44%, while the CAAR for

partial correction occurs a initial short-term pricing response.

The subgroydfesults indicatSghat short-term market reactions are not uniform across different

bonus issue characteri§big” ['he strongest response is observed when the issue is financed from profits

hile er issue ratios are also associated with a stronger short-term price reaction.
investors may look beyond the purely technical nature of a bonus issue and

ing source and size as signals about the firm’s profitability, equity position, and

is not statistically significant, whereas the twelve-month BHAR is positive but only weakly

icant. The negative median for the twelve-month BHAR further shows that the longer-term gains

are not shared consistently across the sample. Accordingly, even though the results show that bonus
issue announcements generate a pronounced short-term price anomaly, the persistence of this effect over

the long run should be interpreted more cautiously.

Sector-based results reveal a mixed pattern. In the short run, finance and manufacturing firms

record positive and statistically significant CAAR values, whereas the services sector does not show a
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comparable short-term response. Over the longer horizon, BHAR is positive in finance and services but
negative in manufacturing. Since these sectoral patterns are not consistent across short- and long-term
measures and some subgroups contain relatively few observations, the sector results should be viewed

as preliminary rather than definitive.

Taken together, the results indicate that investors treat bonus issue announcements as

informative events and incorporate this information into stock prices. From a regulatory perspec

significant positive abnormal returns observed before the announcement are particularly n

announcement also suggests that the initial price response is not fully sustained an,

to adjust after the event.

Several limitations should be kept in mind when interpreting thefesult$i Th sis covers

only 2024, uses the market-adjusted abnormal return model, and includes relativ observations in
some of the subgroup comparisons. Future studies could ext mple t

longer period and
ed h% the CAPM or Fama-

examine whether the results remain robust under risk-adj

French specifications. Further research could also fd y on the sources of pre-

announcement price movements, the possibility of informa ave, and whether strategies based on
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  P r (   Y  i ≤ j |   x  i ) = 𝛬 (   𝜏  j −   x  i ′ 𝛽 )


  P r (   Y  i ≤ j |   x  i ) = 𝛬 (   𝜏  j −   x  1 i ′ 𝛽 −   x  2 i ′   𝛾  j )


    𝜑  i =   ∑  S ⊆ F \ { i }    | S | ! ( | F | − | S | − 1 ) !  | F | !  (   R 2 ( S ∪ { i } ) −   R 2 ( S ) )


     A   R  i , t =   R  i , t −   R  m , t   #  ( 1 )


  A   R  i , t


    R  i , t


    R  m , t


     B H A   R  i = ∏  ( 1 +   R  i , t ) − ∏  ( 1 +   R  m , t )   ,   t = 1 , … , n # ( 2 )


  B H A   R  i


    R  i , t


    R  m , t

