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InTraders Journal

InTraders International Trade Academic Journal is peer reviewed academic journal, open access
and accepts "PRINCIPLES OF TRANSPARENCY", follows the practice guidelines prepared
by the Publication Ethics Committee (COPE).

About

InTraders, which began publication in 2018, offers open access.

The journal has been published exclusively in English since 2024. Articles published before

2024 may include Turkish content as part of the archive.
InTraders Journal has published all content exclusively in English since 2024.

Authors may use either American English or British English. However, the chosen style must be
applied consistently throughout the manuscript. To enhance global readability and academic

standardization, the journal strongly recommends using American English.

Submissions containing inconsistent language usage may be returned to authors for revision prior
to peer review. Authors are responsible for ensuring linguistic quality. Professional language

editing may be required where necessary
InTraders is indexed by TR Dizin for 2024 and 2025.

The journal's main subject is international trade. For 2024 and beyond, it accepts economy-based

studies.

Authors must upload the Plagiarism Report (system-created), Author Information File, Copyright
Agreement Form, Ethics Committee Permission Document -Declaration of Artificial Intelligence
Forms to the system along with their work. The work uploaded to the system must be prepared in
accordance with the journal's writing guidelines. Uploads that do not follow the spelling rules
will be returned at the pre-check stage. Obtaining necessary permissions from ethics committees
or commissions for studies that require ethics committee permission (works that require a survey
or scale application, contain interviews and observations, documents, pictures, questionnaires,
etc., developed by others and require permission to use), specifying these in the study content or
must be submitted in addition. Without these permissions, the publication is returned to the

author at the preliminary examination stage.
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InTraders runs all its processes through Dergipark.
Broadcast range: July-December
Manuscript language: English (Should not include abstracts in languages other than English. ).

The authors allow the Publisher to publish this article under a Creative Commons Attribution-
NonCommercial 4.0 International (CC BY-NC 4.0) license. Creative Commons Attribution-
NonCommercial 4.0 International (CC BY-NC 4.0) license allows the work to be shared, copied,
and reproduced in any size and format other than for commercial use, including re-editing,
transforming, and building upon the original work, provided that it is properly cited.

The author(s) hold commercial rights, patent rights, and intellectual property rights, including
copyright, of the author(s) or, if any, of the author(s) employer, which are reserved. InTraders

Journal allows authors to retain the copyright of their papers without restrictions.

InTraders accepts the Open Access Principles outlined in the Budapest Open Access Initiative
(BOAI) and, accordingly, provides instant open access to its content, adopting the principle that
making scientific publications accessible to researchers will increase the global sharing of
knowledge. InTraders has accepted the Budapest Open Access Initiative, which allows readers to
read, download, copy, distribute, print, and use the journal's articles for any legal purpose.

*-English studies are accepted for 2024 and later. Studies in English should not include abstracts

in languages other than English.Aim

InTraders International Trade Academic Journal aims to publish researchers' scientific studies
and create an international platform that supports academic development and increases the

number of qualified academic studies.
Aim & Scope

InTraders International Trade Academic Journal publishes scientific studies by researchers; it aims to
create an international platform that supports their academic development and increases the number

of high-quality academic studies.

InTraders International Trade Academic Journal is peer-reviewed by international referees and an
international journal that publishes original scientific research in English, primarily in international

trade.
The journal's main subject is international trade. For 2024 and beyond, it accepts economy-based
InTraders International Trade Academic Journal, Volume 9 Issue 1, July 2026

www.intraders.org

e-ISSN-2667-4408


http://www.intraders.org/

studies. The journal is available with open access to all researchers. The language, scientific, legal,
and ethical responsibilities of the articles published in the journal belong to the authors. Articles

published in the journal may be used only when the source is cited.
Price Policy

The fee policy has been updated as of 2026.

Articles submitted to the journal are subjected to the editorial process (scientific evaluation and
publication) for a fee. The Editorial Processing Fee is charged regardless of the acceptance/rejection
condition of the articlee No refund is made for rejected and withdrawn articles.
After the articles submitted to the journal are subjected to preliminary review (whether the article is
within the scope of the journal, whether it is a research article, and whether it complies with the
journal's writing rules), the responsible author will be informed by email to make payment. The
editorial process will be initiated after payment is completed.

For Invoice: You need to share your “Your Name/Surname, Citizen Number, Project Number(If it is

supported by your project), Address” via intradersorg@gmail.com.

Peer Review Process

InTraders International Trade Academic Journal follows the ethical guidelines of the Committee

on Publication Ethics (COPE). All manuscripts undergo a rigorous double-blind peer review.
Double Blind Peer Review Process
1. Editorial Screening

o The assigned editor checks whether the manuscript is within the journal’s scope, complete, and

properly formatted.

o Incomplete or out-of-scope manuscripts are returned to the author or rejected with a justified

reason.
2. Technical and Language Check (Using Grammarly Software)

0 Manuscripts are evaluated for language quality, grammar, and bibliography by the Secretariat.

0 English manuscripts are checked using Grammarly software.

0 A minimum of 95% language accuracy is required.
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0 Necessary corrections are requested from the author.
3. Plagiarism and Ethics Verification
0 Manuscripts must be original, unpublished, and not under consideration elsewhere.
0 The maximum allowed similarity rate is 20%.
o Ethics approval is required for studies involving human or animal subjects.
4. Double-Blind Peer Review
0 Each manuscript is reviewed by at least two independent referees.

0 Reviewers provide one of the following decisions: accept, minor revision, major revision, or

reject.
0 Detailed evaluation reports are required.

o In case of conflicting reviewer opinions, a third reviewer may be assigned at the editor’s

discretion.
5. Author Revision (After Peer Review)
0 Authors address all reviewer comments and submit a revised manuscript.
0 The editor may send the revised manuscript back to reviewers for verification.
6. Re-Review by Referees (Same Reviewers)
0 The revised manuscript is re-evaluated by the same reviewers
0 Reviewers again provide decisions: accept, minor revision, major revision, or reject.
0 Detailed reports are required.
o If reviewer opinions conflict, a third reviewer may be assigned.
7. Re-Review (lterative Review) Process
0 Steps 5 and 6 are repeated as necessary until a final decision (accept or reject) is reached.
8.  Final Acceptance

0 Upon successful completion of the review process, the editor approves the manuscript for

publication.

0 A DOl is assigned via Crossref.
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9. Proofreading

0 The manuscript undergoes final language editing and layout preparation before inclusion in an

issue.

10. Production

0 The manuscript undergoes layout preparation before inclusion in the next issue.
11. Timeline

The entire peer review process is designed to be completed within approximately five months.
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Publishing Periods

It is published twice a year. It is published in July and December. If it is deemed necessary,
specific numbers / supplements may be issued for specific topics and for expanded notifications

qualified by InTraders subject to conventions. Articles may always be accepted by InTraders.
Writing Rules

Preliminary Information

-Research articles should be loaded.

-English studies are accepted for 2024 and later. Studies in English should not include abstracts

in languages other than English. InTraders Journal publishes all content exclusively in English.

Authors may use either American English or British English. However, the chosen style must be
applied consistently throughout the manuscript. To enhance global readability and academic

standardization, the journal strongly recommends using American English.

Submissions containing inconsistent language usage may be returned to authors for revision prior
to peer review. Authors are responsible for ensuring linguistic quality. Professional language

editing may be required where necessary
After the author (s) have prepared the forms below, they should begin uploading the files.
-Abstract must include: Purpose, Methodology, Findings, Contribution.

-InTraders Journal Article Writing Format

-APA 7 Reference Style Sample File

-Author Information File (Refer to item 4). At the end of the page, it should be stated

whether there is a conflict of interest, whether there is an institution from which financial support
IS received, and the contribution rates of the authors.

-Copyright Agreement Form

-Ethics Committee Permission: In studies that do not require ethics committee permission,

the author must upload the signed document stating "InTraders-ethics committee permission " by

stating the study title and author information on a form while uploading the article to the system.
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-Declaration of Artificial Intelligence (Valid within 2025)

1-The journal does not require authors to cite articles from the journal or any specific publisher.

Only English articles are published in InTraders Journal for 2024 and later.

2. The APA 7 system should be used for article citations and source indication. The journal's

rules will be followed for other article-writing rules.

3. Articles must be written on A4-sized paper with 1.5 spacing, in Times New Roman font, 12-
point font, and not to exceed 25 pages. Submissions made from outside the DergiPark platform
are strictly not accepted. Your article must be edited using the Article Writing Template. You
can download the Article Writing Template here. (Author information should be excluded from
the Article File).

4. Author Information File: The article should not contain any information about the author(s).
(The file from the author is used to initiate the 2-blind referee process of the article. Therefore,
the information about the author(s) should be specified on a separate Word page and uploaded to
the system. The following information should be included on the separate Word page: (i) title of
the article; (ii) author(s) name and academic title; (iii) ORCID ID numbers; (iv) address of the
institution to which the author(s) is affiliated; (v) keywords and (vi) JEL codes of the study, (vii)
e-mail address, (viii) telephone The number should be stated as +. The abstract should be
between 150 and 250 words.

5. Tables, figures and graphs should be given titles and numbers. Table titles should be placed
above the tables, and titles of figures and graphs should be placed below the relevant figure or
graph. References should be written below the tables, figures and graphs. Commas must separate
decimal fractions in numbers. The sequence number to be given to the equations should be
placed in parentheses at the far right of the page. If the derivation of the equations is not clearly
shown in the manuscript, the derivation, including all steps, should be provided on a separate
page for the referees' evaluation. Times New Roman type and 11-point font should be used in
table and figure titles and in-table text. If the table does not fit, 8-, 9-, or 10-point size may be
preferred.

6 Footnotes regarding the references made in the articles should be included at the bottom of the
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page.
7. At the end of the text, a list of sources used in the study is given under the heading
REFERENCES. This bibliography lists the references used in the study and is arranged
alphabetically by the authors' surnames.

Include the complete citation at the end of your paper in a references section. References: line
spacing should be set to O first, then to 6 pt, single-line spacing; indent setting: "hanging™ and "1
cm"; Times New Roman, 12 pt. Use a hanging indent to separate each list item.
8. References to sources should be made in the text, not in footnotes, including page numbers, as

shown in the examples below.

9. The page layout of the articles to be added to the system must be made by the author, and by
the following values:

Paper Size: A4 Vertical (Landscape pages should not be included in the article)

Top Margin: 2.5 cm
Bottom Margin: 2.5 cm
Left Margin: 1.0 cm
Right Margin: 1.0 cm

Font: Times New Roman

Font Size: 12 and bold in the title, 12 in the text, 11 in abstracts and 8 in footnotes.
Paragraph Spacing: 6 pt before - 6 pt after, line spacing 1.5 in the text; In abstracts, first 6 pt -
then 6 nk, line spacing - Single (The aim is for the abstracts to be easily read by the reader.)
10. There should be no paragraph beginnings (indentations) in the article text, and paragraph
breaks should be made clear by leaving spaces (spacing before: 6nk, after: 6nk, line spacing: 1.5
lines).

11. Section Headings: The article can use main, intermediate, and subheadings to ensure an
orderly transfer of information; headings will not be numbered. Headings should be leveled

according to case sensitivity as specified in the Article Writing Template.

12. Tables and Figures: Tables must have numbers and titles and be located where they should
be in the text. Figures must be prepared for color printing. Table numbers and titles should be

written centered on the table, and figure numbers and names should be set just below the figure
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(See Article Writing Template).

13 Images: They should be included in the text in high-resolution, print-quality scans. When

naming pictures, the rules in figures and tables must be followed.
14. Articles that do not comply with InTraders Journal Publication Principles in any respect will
not be evaluated.

Privacy Policy

Information such as names, titles and contact addresses shared through the InTraders website
will only be used for the purposes set forth by InTraders; for any other purpose or for the use

of third parties.

Copyright and Licensing

InTraders Journal is licensed under a Creative Commons (CC) International License (CC BY

NC). This license grants users the right: Share — copy and redistribute the material in any
medium or format, Adapt— remix, transform, and build upon the material.
InTraders Journal allows readers to read, download, copy, distribute, print and use the articles in

the InTraders Journal for legal purposes.

InTraders Journal has upheld a policy of not mandating authors to relinquish their copyright to
our publication. Authors (or their employers) retain full copyright ownership of their articles.
Our sole requirement of authors is permission to publish under the CC BY-NC license. All
articles published by InTraders Journal are released as open access, allowing unrestricted reuse
in accordance with the terms of the CC BY-NC license, regardless of the source of research

funding.

Authors retain the copyright of their works published in Intraders Journal, and their articles are
licensed under the Creative Commons Attribution-NonCommercial 4.0 International License
(CC BY-NC 4.0). The CC BY-NC 4.0 license allows for sharing, copying, reproduction, and
adaptation of the work in any medium or format, excluding commercial use, provided
appropriate attribution is given to the original work. This license also permits modification,
transformation, and building upon the work, including adaptation, as long as it is appropriately
attributed.
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Copyright Notice Text

1) Authors read this agreement when uploading their articles to our journal's online system and

upload a signed copy to the  journal system (Copyright Text).

2) That the submitted article is the original work of the author(s) and that they have not

plagiarized,

3) All authors have individually participated in this article and take full responsibility for this
article

4) All authors have seen and approved the final version of the submitted manuscript,
5) The article has not been published or submitted for publication elsewhere,
6) They agree and undertake that the text, figures and documents contained in the article do not

violate the copyrights of other persons.

7) The authors authorize this Journal to publish the article and to identify itself as the original
publisher.

8) The authors grant any third party the right to use the article freely, as long as the original
authors and citation details are identified.

9) Nothing in this license impairs or restricts an author's right to protect the integrity and

ownership of their work.

10) All commercial rights related to the article belong to the authors.

Open Access License of InTraders Journal: CC BY-NC

License: CC BY-NC

Embedded Licenses: Yes. InTraders Journal embeds licensing information in its issues.
Copyright: The authors own copyright and full publication rights without restriction.

The unrestricted dissemination of research is especially important for authors, readers and
funders. Articles published in InTraders Journal are published as open access under the Creative
Commons Attribution-NonCommercial 4.0 International (CC BY-NC 4.0) license. InTraders
Journal believes that for open access to work effectively, user rights and copyright ownership
through licensing must be clear. InTraders Journal is a signatory to the Budapest Declaration on
Open Access.
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We publish all our articles under the Creative Commons Attribution Non-Commercial (CC BY-
NC 4.0). The CC BY-NC license is indicated in the articles. The full texts of all articles
published in InTraders Journal are available to anyone via instant open access at the InTraders
International Trade Academic Journal » Home

Under the CC BY-NC 4.0 license, you are free to:

Share: Copy and redistribute the material in any medium or format.
Adapt: Remix, transform, and build upon the material.

Under the following terms:

Citation: You must provide appropriate attribution, link to the license, and indicate if changes
were made. You can fulfill these requirements in a suitable manner, but doing so does not imply

that the licensor endorses you or your use.

NonCommercial: You may not wuse the material for commercial purposes.
No additional restrictions: You may not apply legal terms or technological measures that legally

restrict others from doing anything the license permits.
Ethical Principles and Publication Policy

The journal follows the ethical guidelines of the Committee on Publication Ethics (COPE). The
journal does not require authors to cite articles from this journal or from any specific publisher.
All references must be relevant to the research topic and selected solely based on academic

merit.

1. General Ethical Principles

1. Obtaining the necessary permissions from the ethics committees or commissions for studies
that require permission from the Ethics Committee (for studies that require the application of a
questionnaire or scale, including interviews and observations; documents, pictures,
questionnaires, etc., developed by others and require permission to use), and these should be
stated in the article content. or as an addendum. Without these permissions, the publication is
returned to the author at the preliminary examination stage. Ethics Committee approval is

mandatory for studies sent from Turkey (researchers located within the borders of the Republic
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of Turkey). Ethics committee approval is the author's responsibility, given the country's own

management and systems.

2. It is essential that the raw data regarding the research in the peer reviews be submitted when
requested by the referees. It is obligatory to provide the data after the article's publication when

necessary.

3. The authors accept that the contact information (mail, institution, ORCID) specified in their
article will be included to be published/published in InTraders. InTraders agrees not to publish
the authors' information outside the journal issues and not to share it with third parties for

commercial or advertising purposes.

1. A. Ethical Principles for Authors

1. Authors guarantee that their work is original, and when they include ideas, languages,
pictures, graphics and tables of other researchers in their work, they must indicate this as a

quotation. Quoting without specifying the source is plagiarism.

2. Each author named in the study is equally responsible for the content of the study. It is
unacceptable to not include the name of the researcher who contributed to the study or to include
his name unjustly, even though he did not contribute.

3. Authors should stick to their research findings. It is out of the question to change the findings,
make up findings and results, and conduct research based on them. Situations such as tampering
with data and materials, deleting, removing, or skipping the interpretation of difficult data are

suspicious.

4. Simultaneous submission of the study to journals is not possible. Authors cannot send their

previously published works to the journal.

As of 2020, the TR Index-Journal Evaluation criteria have been updated. The articles related to

ethics committee permission for scientific research have been detailed.

The "documents and information requested for studies requiring ethics committee approval™ is
not expected to be applied to studies submitted in previous years, the evaluation process of which
has been completed but has not yet been published, and for which research data before 2020 has
been used, although the evaluation process is still ongoing. The process will start in 2020, and
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research data will be mandatory for articles starting in 2020. The articles for which the Ethics

Committee Permission Document is required are explained below.
EXPLANATION AND INFORMATION on the Ethical Rules Made by TR Index

The articles related to the Code of Ethics, which were included in the previous years' criteria,
were detailed with explanations in 2020, and the issue of "includes information about the
permission in the article” was added to the criteria, assuming that the permissions were obtained

for the studies requiring ethics committee permission in the research field.
QUESTION: Is ethics committee approval required for all articles?

No. The criteria state that it applies to “articles that require the permission of the Ethics

Committee.”
Studies that require the approval of the Ethics Committee are as follows:

» All kinds of research conducted with qualitative or quantitative approaches require data
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Abstract

The primary purpose of this study is to empirically examine the main determinants of bilateral trade between Turkiye and
the 13 countries within the scope of the Three Seas Initiative (3SI) using a gravity model. Within the methodology of the
research, an annual panel dataset covering the 2004-2024 period was utilised to test the impacts of market size and distance-
related trade costs via the Augmented Gravity Model. The obtained empirical findings indicate that physical distance is a
statistically significant and strong inhibitory factor on trade flows, with a coefficient of -1.251, and further reveal that
Tirkiye's export performance exhibits a "supply-side" character. Since Tirkiye's elasticities of GDP (0.685) and population
(2.414) were found to be higher than the market-size effects of the partner countries, it is demonstrated that Turkiye's
primary driver of trade is domestic production capacity and economies of scale rather than external demand. As a significant
contribution to the literature, this study concludes that active participation in transport infrastructure projects, prioritising
digitalisation at border crossings, and reducing "economic distance" through logistics process optimisation are strategic
necessities to enhance Turkiye's trade integration with the 3SI geography.

Keywords: Three Seas Initiative, Tirkiye, gravity model, logistics connectivity, foreign trade
JEL Codes: F10, F14, R41, C23

INTRODUCTION

Regional trade initiatives and "connectivity" strategies indicate that international trade is shaped not only by
tariffs and regulatory harmonisation but also, to a significant extent, by transport infrastructure and logistics
capacity. Free trade agreements, customs unions, and corridor projects are designed to reduce the cost and
duration of trade through measures such as expanding port capacity, strengthening rail-road linkages, establishing
intermodal terminals, accelerating border-crossing procedures, and broadening the adoption of digital customs

practices. From this perspective, geographic distance is treated as fixed; however, "economic distance™ can be
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reduced as countries shorten transit times and lower transport costs, thereby increasing trade volumes.
Improvements in infrastructure quality not only reduce unit transport costs but also shorten delivery times and
mitigate time uncertainty. As a result, firms' inventory-holding needs, delay risks, and contracting costs are
reduced, generating a facilitative effect that expands trade flows. Similarly, as the density of transport networks
and service frequency (e.g., sailing frequency and route diversity) increase, market-access costs are lowered,
enabling firms to enter more distant markets with reduced risk. This mechanism may be particularly conducive
to intermediate-goods trade and to deeper integration into global value chains. Accordingly, the development of
regional trade should be considered a multidimensional process that depends not solely on physical distance
between countries, but also on infrastructure quality, the efficiency of cross-border procedures, and the reliability

of logistics services.

Within such a framework, approaches that simultaneously account for economic size and trade costs are required
to explain bilateral trade quantitatively. The gravity-model literature posits that bilateral trade flows are
supported, on the one hand, by the market size of partner countries (proxied by indicators such as GDP and
population), and, on the other hand, constrained by trade costs (proxied by variables such as distance). In this
context, distance may be interpreted not only as geographic separation but also as a core proxy for "economic
distance" arising from transport time, logistics reliability, and border-crossing efficiency. For this reason,
analysing Turkiye's trade relations with countries covered by the 3SI through the lens of market-size and distance
dynamics is important both for identifying the factors that make trade with this region more sensitive and for
providing empirical evidence for connectivity-oriented policy debates.

Nevertheless, despite the growing prominence of regional connectivity discussions, no direct empirical study has
been identified in the national and international literature accessible to us that addresses Turkiye's trade relations
with countries within the 3SI from a Turkiye-centred perspective. Although the gravity-model literature has
focused on various regional groupings and country samples, the existing findings have remained limited in
generating specific and comparable inferences for the Tirkiye—3SI context, as 3SI countries have not been
evaluated within a holistic framework. By testing the relative importance of market-size indicators and distance-
related trade costs within a single framework, this study aims to fill this gap in the literature on Turkiye—3SI trade
and to provide one of the first systematic sets of empirical evidence in this area. Accordingly, the primary
objective of the study is to empirically examine the determinants of Turkiye's bilateral trade with 3SI countries
within the gravity model framework. The study investigates the direction and magnitude of the effects of variables
representing market size (GDP and population) on trade volume, and how distance, as a proxy for trade costs,

constrains trade flows.

The remainder of the article is structured as follows. Section 2 provides the study's contextual basis by
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summarising the scope of the 3SI, its institutional framework, and its regional connectivity objectives. Section 3
briefly reviews the gravity model and the 3SI-related literature. Section 4 describes the dataset employed in the
analysis, defines the variables, and explains the econometric methodology in detail. Section 5 presents the
empirical findings and discusses their economic implications. The final section summarises the main results and

sets out the study's policy implications and recommendations for future research.
THREE SEA INITIATIVE

The 3Sl is a regional initiative launched in 2016 that aims to strengthen trade, infrastructure, energy, and political
cooperation among countries in the Adriatic, Baltic, and Black Sea basins. Institutionalised as of 2021 to
encompass 12 EU members (Austria, Bulgaria, Croatia, Czechia, Estonia, Hungary, Latvia, Lithuania, Poland,
Romania, Slovakia, Slovenia), the initiative was expanded in 2023 with the accession of Greece, thereby
increasing the number of members to 13 (Orzelska-Staczek, 2024). The core focus of the initiative is to deepen
regional integration through tangible infrastructure projects and investment coordination in transport, energy, and
digital connectivity, which are commonly characterised as "low politics™ domains (Three Seas Initiative, n.d.).
This framework provides the basis for treating 3SI countries as an integrated group, in the present study, since
the primary aim is not to emphasise bilateral relations but rather to demonstrate how connectivity capacity within

the macro-regional geography described as the "three seas axis™ shapes trade costs.

Figure 1 clearly visualises the spatial logic of the Three Seas Initiative. When the Baltic Sea (north), the Adriatic
Sea (southwest), and the Black Sea (southeast) are taken as "corner points,” the member countries of the initiative
form a geographic cohesion across the Central and Eastern European belt located between these three seas. This
belt, while connected to Europe's leading economic gravity centres (particularly Western Europe), is considered
an area in which east-west infrastructure configurations have historically remained dominant, whereas north—
south connections have been relatively more fragmented. Within this framework, the official narrative of the 3SI
grounds the scale of the initiative and its "convergence" rationale in concrete indicators: 3SI countries are reported
to represent approximately one-third of the EU in terms of land area and to host around 111 million people;
however, as of 2018, the average GDP per capita level is reported to be only 78% of the EU average. This suggests
that the 3SI geography constitutes a "convergence space™ within European integration, characterised by relatively
lower development indicators. At the same time, the same source draws attention to the strength of the region's
growth dynamics: while the average growth rate in 3SI countries over the 2015-2019 period is reported as 3.5%,
the EU average is reported as 2.1%; moreover, IMF forecasts for 2020 project 2.9% growth in the 3SI region,
compared to 1.6% for the EU overall (Three Seas Initiative, n.d.). This dual outlook (relatively low per capita
income yet high growth potential) explains why the 3SI defines reducing "economic distance" through transport,

energy, and digital infrastructure as a strategic priority and frames it as a means to accelerate regional integration.
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Figure 2 presents the priority transport and energy projects planned within the scope of the 3SI. The map
operationalises the initiative's north-south connectivity objective through two main networks: (i) road/rail
corridors and (ii) natural-gas transmission linkages. In the transport dimension, the backbone extending from the
Baltic to the Adriatic and Black Sea basins is designed according to a "multimodal corridor” logic in which
motorway and railway lines are structured to complement one another. From Turkiye's perspective, the most
tangible interface with this backbone lies along the Thrace border. Indeed, within the 3SI project inventory, the
Alexandroupoli—Pythio (Tirkiye border)-Ormenio (Bulgaria border) railway project registered by Greece
explicitly articulates an "interoperable™ corridor objective by linking the port of Alexandroupoli to the national
network and to both the Bulgarian and Turkish borders through components such as line upgrading,

electrification, and ETCS. Such projects provide an infrastructural basis that may reduce trade costs for Turkiye's
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access to intra-European supply chains by addressing parameters such as delivery time, reliability, and cross-

border operational interoperability.

In the energy dimension, Figure 2 renders visible the 3SI's objectives of regional integration and security of
supply through pipeline interconnectors and LNG terminals. In this context, Turkiye is integrated into the 3SI
energy architecture in an indirect yet strategic manner as a "source and transit" node, particularly through the
Southern Gas Corridor, connected via TANAP. TANAP is one of the key links of the Southern Gas Corridor,
intended to transport natural gas extracted from the Shah Deniz field in Azerbaijan to Europe via Turkiye
(TANAP, n.d.). As emphasised in Vondra's (2018) assessment, lines such as BRUA/the North-South Gas
Corridor, which are among the prominent projects of the 3Sl, have the potential to be integrated—via Turkiye
(through TANAP)—with southern sources in the Black Sea and Caspian regions. Consequently, the transport and
energy networks traced in Figure 2 do not remain confined to mere geographic neighbourhoods for Turkiye;
instead, they generate a concrete sphere of interaction related to the 3Sl's objective of "reducing economic

distance" via overland cross-border transport corridors and TANAP-supported energy linkages.
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Tarkiye's relationship with the 3SI has acquired an institutional status that extends beyond mere interaction as a

"peripheral country" based solely on geographic proximity. According to the announcement of the Republic of

Turkiye Ministry of Transport and Infrastructure (2025), Turkiye declared its accession to the initiative as a

"strategic partner” at the 10th Summit of the 3SI held in Warsaw, Poland; it was emphasised that this step is

aligned with the 3SlI's objective of increasing connectivity by addressing transport, energy, and digital
InTraders International Trade Academic Journal, Volume 9 Issue 1 2026
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infrastructure deficiencies in Central and Eastern Europe. The Republic of Turkiye Ministry of Foreign Affairs
(2025), in its text titled "Tirkiye’s Connectivity and Multilateral Transport Policy" states that, due to its
geographic position, Turkiye considers the development of regional transport corridors as a priority and, within
this scope, supports alternative routes for Europe—Asia connectivity through initiatives such as the Middle

Corridor and the Development Road.

Figure 3 presents Turkiye's exports to 3SI countries over the 2013-2024 period, country-by-country. Overall, the
highest export volumes have been realised with large markets such as Poland and Romania; it is observed that
exports to these two countries have accelerated markedly in the post-2020 period and reached their highest levels
as of 2024. By contrast, countries such as Bulgaria, Greece, Czechia, and Hungary have been Turkiye's "mid-
sized" export markets within the 3SI region. However, fluctuations have been observed over the years; the overall
trend has remained upward. In smaller markets (e.g., the Baltic states and certain Central European countries),

export levels have remained relatively low; nevertheless, a gradual upward trend has emerged since 2021.
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Figure 3: Tirkiye's Export Volume to 3SI Countries (*million USD)
Source: UN Comtrade Database, 2025.
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LITERATURE REVIEW

The existing literature has predominantly analysed the 3SI through the lens of the evolving global security
architecture and shifting regional power balances. Focusing on the historical and institutional evolution of the
initiative, Andrea (2024) examined the process through the stages of "conceptualisation” and “political
maturation,” and demonstrated how the initiative has been transformed into a pragmatic, project-oriented
cooperation platform by distancing itself from the geopolitical baggage inherited from the pre—Second World

War "Intermarium" idea.

By examining perceptions of the initiative within the European Union and the political turbulence it has
generated, Gorka (2018) highlighted the scepticism it has engendered in Western European capitals. Although
the author highlighted the risk that the initiative could be perceived as a bloc-forming movement that threatens
EU unity and deepens the "Multi-Speed Europe” scenario, it was also argued that the project constitutes a valuable
instrument for reducing regional development disparities and enabling north—south infrastructure integration. By
contrast, Zbinkowski (2019), who focused on the initiative's potential to address structural inequalities within the
EU, characterised the project as a necessary step to close the economic gap between "Old" and "New" Europe.
According to the author, north—south oriented projects under the 3SI contribute tangibly to EU cohesion by

eliminating the "core—periphery" divide.

Addressing the initiative's security character from a Romanian perspective, Dumitrescu (2024) positioned the 3SI
as part of Romania's "grand behaviour” in foreign policy and defined the project as a balancing mechanism that
strengthens Transatlantic ties against Russia's aggressive posture. Extending the security dimension to the axis of
global power competition, Grochmalski et al. (2021) characterised the 3SI as a strategic alternative developed in
response to China's increasing influence in the region through the Belt and Road Initiative (BRI) and the "17+1"
format. Furthermore, Dragulin (2025) emphasized that the 3SI has evolved into a vital pillar of the European
security and connectivity architecture, particularly in the context of the post-2022 geopolitical shift. The author
argues that for countries like Romania, the initiative serves as a strategic instrument to enhance regional resilience

and consolidate the North-South transport and energy corridors against emerging threats.

Within this geopolitical equation, Kochis (2021) examined the role of the United States, assessing the initiative
as a "'strategic investment™ for the Washington administration and emphasising that U.S. diplomatic support and
financial commitments are vital to its sustainability. Moreover, by scrutinising the effects of the Russia—UKkraine
war, Gotgbiowska and Lewkowicz (2022) stated that, through the Riga Summit and the "participating partner"
status granted to Ukraine, the 3SI has been transformed from a regional development project into a strategic
logistics and solidarity platform during periods of crisis.

The initiative's internal dynamics and the hierarchy among member states have also been addressed extensively
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in the literature. Using a "Geo-economic Index" (G-Index) they developed, Gebska and Lewandowski (2022)
demonstrated empirically that Poland is the group's undisputed leader. Examining this intra-group hierarchy
through political perceptions, Lewkowicz (2025) divided members into "trendsetters” and "distanced,"” finding
that Poland and Romania act as active pioneers while other members adopt a more cautious stance. Similarly,
Kozera-Kowalska et al. (2021), using taxonomic classification (the Hellwig method), classified 3SI countries
according to their economic potential and mathematically confirmed that the region is not a homogeneous bloc
but instead composed of "economic anchor" countries and subgroups with differing levels of development. In
addition, regarding the global diplomacy dimension of the initiative, Krzymowski (2022a) analysed the relations
between the Baltic states and the UAE and highlighted the initiative's capacity to attract funding. At the same
time, Sabbaghian and Deep Singh (2022) opened the discussion on the theoretical potential of alternative energy
sources, such as Iran under Polish leadership.

A second axis of the literature has focused on the initiative's concrete infrastructure projects. According to Tarina
(2025), the 3SI has the potential to transform the economic model of Central and Eastern Europe by addressing
infrastructure, energy, and digital gaps, thereby enhancing the region's competitiveness within the EU. By
examining the initiative's project portfolio in the Estonian case, Kusztal (2025) foregrounded the concept of
"Smart Connectivity." According to the author, with the 2020 Tallinn Summit, the 3SI agenda evolved beyond
merely building physical routes to a hybrid model integrating transport and energy infrastructure with
digitalisation. In the context of energy infrastructure, Stonis (2021), who examined the functionality of the North—
South Gas Corridor, characterised the Baltic Pipe and LNG investments as the "cornerstone” of the region's
energy security and argued that these projects constitute a prerequisite for a competitive market structure.
Focusing on the southern (Adriatic) leg of the corridor, Zubovic (2019) emphasised that the Krk LNG terminal
in Croatia is a critical entry point that completes the energy line extending from the Baltic to the Adriatic and
breaks Central Europe's dependence on Russian gas. Approaching the trade potential of infrastructure investments
from a "green economy" perspective, Krzymowski (2022b) argued that these energy networks provide a strategic

basis not only for fossil-fuel security but also for trade in renewable energy and hydrogen.

Despite this expanding international literature, Turkiye-centred studies remain relatively limited, and existing

works have focused mainly on geopolitical strategy, maritime security, and energy diplomacy.

Approaching the topic from an energy security perspective, Kakisim (2020) defined the 3SI as a geopolitical
move that increases U.S. influence in the European energy market, while emphasising that the initiative's primary
motivation is to reduce dependence on Russia for energy, the dimension of trade integration with Tirkiye was
not addressed. From a political science perspective, Hekimler (2021) considered the initiative as a "minilateral
cooperation model,” noting Poland's search for a balance against Germany and stating that Tlrkiye should not
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remain indifferent to this formation; however, the analysis remained at the political level. Additionally,
Giingdrmez (2022) evaluated the 3SI as a search for a new geopolitical order in Europe, emphasizing that the
initiative's importance has increased following the Russia-Ukraine war and that it aims to reduce energy and
infrastructure dependency on Russia while creating a buffer zone. Similarly, Kalkan Kiglksolak (2024), who
examined "minilateral™ cooperation in maritime security, stated that states have tended to prefer more flexible,
results-oriented mechanisms over cumbersome multilateral structures. Although the strategic importance of such
arrangements within the maritime security architecture was emphasised, the study focused not on economic data

or trade volumes but on the transformation of the security architecture.

Overall, across both international and national literatures, studies have focused on institutional structures, political
tensions, energy security, and general security strategies. No study has been found that, taking into account the
initiative's logistics infrastructure objectives (Via Carpatia, Rail Baltica, etc.) and Turkiye's "Strategic
Partnership™ potential with the region, empirically analyses the trade potential between Turkiye and 3SI countries
within the framework of the Gravity Model. By treating the 3SI region not as a homogeneous market but, as also
emphasised in the literature, as a bloc with differing logistics and economic dynamics, and by modelling Tarkiye's
export flows through this new perspective, this study aims to fill this gap in the literature.

METHOD

The econometric methodology employed in the empirical analysis of the study, along with the variables

incorporated into the model and the data sources used, is detailed below.
Data and Variables

In this study, an annual panel dataset was employed in order to analyse the bilateral trade potential between
Tirkiye and 13 member countries of the 3SI (Austria, Bulgaria, Czechia, Estonia, Croatia, Latvia, Lithuania,
Hungary, Poland, Romania, Slovakia, Slovenia, and Greece). All data utilised in the model were compiled from
official databases of international organisations that are publicly available (open-source) and provide online
access. The total number of observations included in the analysis is 273 (N=13, T=21). The analysis period spans
21 years, from 2004 to 2024. The definitions, units of measurement, and data sources of the variables employed

are summarised in Table 1.
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Table 1: Description of Variables and Data Sources

Symbol Variable Data Source
ln(TRDl- jt) Tiirkiye’s (i) exports to 3SI country (j) in year t UN Comtrade Database (2025)
In(GDP;) Tiirkiye’s gross domestic product in year t World Bank (2025)
ln(GDPjt) Gross domestic product of the 3SI country (j) in year t World Bank (2025)
In(POP;) Tiirkiye’s total population in year t World Bank (2025)
ln(POPjt) Total population of the 3SI country (j) in year t World Bank (2025)
ln(DISTi j) Population-weighted distance between the two countries CEPII (2025)

Source: Prepared by the author; data retrieved from UN Comtrade, World Bank, and CEPII databases (Access Date: 2025).

Model Specification

The theoretical framework of this study is based on the Gravity Model developed by Tinbergen (1962), which
serves as the fundamental basis of the international trade literature. To linearise the original multiplicative form,
a log-linear specification was adopted by taking the natural logarithms of all variables. Furthermore, the model
was expanded into an Augmented Gravity Model by incorporating population variables to capture market size

effects.

The estimated econometric equation is specified as follows:

In(TRD;j¢) = Bo + By In(GDPy) + B, In(GDPyt) + B3 In(POP;,) + B4 In(POP; ) + Bs In(DIST;;) + €;¢ @))
Where:

i and j: Denote Turkiye (exporter) and the partner country (importer), respectively, while t denotes the time
period,

TRD: Represents the bilateral trade volume (Exports),

GDP: Represents the Gross Domestic Product,

POP: Represents the total population of the countries,

DIST: Represents the population-weighted distance between the economic centers of the respective countries,
Bo: Is the constant term,

€;j¢- 1s the error term.

InTraders International Trade Academic Journal, Volume 9, Issue 1, 2026
www.intraders.org
10



Taner FILiZ

Estimation Method

The estimation of the model parameters was carried out using panel data techniques, given the longitudinal
structure of the dataset (N=13, T=21). The choice between Fixed Effects (FE) and Random Effects (RE)
estimators was based on the Hausman specification test. The test yielded a p-value of 0.34, indicating no
systematic difference between the FE and RE estimators. This finding rules out the necessity of the Fixed Effects
specification and supports the use of a pooled specification that retains time-invariant variables, such as
geographic distance, which would otherwise be eliminated under FE. Accordingly, the model was estimated via
pooled OLS with HC3 robust standard errors. Furthermore, as the bilateral trade flows between Turkiye and the
13 3SI countries are positive throughout the 2004—2024 period, the log-linear transformation does not result in
the loss of observations. Although recent gravity literature frequently recommends the PPML estimator—
particularly in the presence of zero trade flows and heteroskedasticity—the characteristics of the present dataset
allow for the use of the log-linear OLS specification. To enhance robustness, HC3 robust standard errors were

used to mitigate potential heteroskedasticity.
RESULTS

This section presents the estimation results of the Augmented Gravity Model, which analyses the determinants
of bilateral trade between Turkiye and the 13 member countries of the 3SI over the period 2004-2024.

The estimation results, obtained using the OLS estimator with HC3 robust standard errors, are summarised in
Table 2. The model demonstrates a high explanatory power with an R2 of 0.874, indicating that the independent
variables collectively explain approximately 87.4% of the variation in Turkiye's export volume to the region. The

F-statistic (352.9) is statistically significant at the 1% level, confirming the model's overall validity.

Table 2: Augmented Gravity Model Estimation Results (Robust Estimation)

Variables Coefficient Robust Std. Error (HC3) t-Statistic Prob.
Partner GDP 0.424 0.057 1.47 0.000***
Partner Pop 0.388 0.061 6.37 0.000***

Distance -1.251 0.081 -15.44 0.000***
Tirkiye GDP 0.685 0.161 4.24 0.000***
Tirkiye Pop 2.414 0.500 4.83 0.000***

Constant -49.186 6.828 -7.20 0.000***

R? 0.874 - - -

Adj. R 0.871 - - -

F-Statistic 352.9 - - 0.000***
Observations 273 - - -

Note: *** denotes statistical significance at the 1% level. Standard errors are heteroscedasticity-consistent (HC3).
Source: Author's own elaboration.
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The empirical findings align with the theoretical expectations of the Gravity Model and provide statistically

significant insights into the trade dynamics:

1.

Impact of Distance (The Impedance Factor): Consistent with standard gravity theory, geographical
distance has a negative and highly significant impact on trade. The coefficient of -1.251 implies that a 1%
increase in the distance between Turkiye and a partner country reduces the trade volume by approximately
1.25%. This high elasticity highlights that transportation costs and logistical barriers remain the most

significant impediments to trade integration with the 3SI region.

Impact of Economic Size (Income Effect): The coefficient for the partner country's GDP is positive
(0.424) and statistically significant at the 1% level. This indicates that a 1% increase in the income level
of a 3SI member country leads to an approximate 0.42% increase in TUrkiye's exports to that country.
This confirms that economic growth in the 3SI region creates direct, positive demand for Turkish

products.

Impact of Market Size (Population): The coefficient for the partner country's population is positive

(0.388), suggesting that larger markets in terms of population absorb more Turkish exports.

Turkiye's Supply Capacity: The coefficients for Turkiye's GDP (0.685) and population (2.414) are positive
and statistically significant. The magnitude of these coefficients, particularly the population elasticity,
suggests that Turkiye's domestic production scale and economic growth are crucial "push factors" driving

export performance in the region.

During the diagnostic phase, the assumptions regarding the error terms were rigorously tested. The Breusch-

Pagan test results, presented in Table 3, indicated the presence of heteroscedasticity in the model. To ensure the

reliability of statistical inferences and address this issue, standard errors were corrected using the HC3

(Heteroscedasticity-Consistent) robust covariance matrix estimator, as recommended by Long and Ervin (2000).

Additionally, the risk of multicollinearity was assessed using the Variance Inflation Factor (VIF), and no evidence

of multicollinearity was observed, as all VIF values were within acceptable limits.
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Table 3: Diagnostic Test Results
Diagnostic Test Test Statistic / Value Result / Conclusion

Heteroscedasticity Detected (Addressed with
HC3)

Fixed Effects Rejected; Pooled OLS

Breusch-Pagan Test (LM Stat) 44.56*** (p<0.01)

Hausman Test (2) 4.50 (p=0.34) Specification Supported
Multicollinearity (VIF) Mean VIF: 3.52 No Multicollinearity
IN(GDPpgrtner) 5.46 Acceptable (< 10)
IN(POPyariner) 6.17 Acceptable (< 10)
IN(GDPryrkey) 2.29 Acceptable (< 10)
IN(POPryrkey) 2.27 Acceptable (< 10)
In(Distance) 1.45 Acceptable (< 10)

Note: ***indicates significance at the 1% level. VIF values below 10 indicate no severe multicollinearity.

Source: Author's own elaboration.

DISCUSSION

The empirical findings indicate that geographic distance is a substantial, statistically significant impediment to
trade flows (elasticity = -1.25). When results are compared, it is observed that the sensitivity of trade between
Tirkiye and 3SI countries to distance exceeds global and regional averages. In particular, in a recent study
examining the effects of the EU Single Market, Rybacki and Sutkowski (2025) found that the distance elasticity
of intra-EU trade ranged between -0.70 and -0.78. The -1.251-coefficient obtained in this study is, in absolute
value, markedly higher than the intra-EU average. This difference reflects border-related costs, customs
procedures, and logistics frictions that persist because, despite Turkiye's Customs Union membership, full

integration into the EU Single Market has not been achieved.

Similarly, in a study comparing China—ASEAN and China—EU trade using a structural gravity model, Tang et al.
(2024) confirmed the determining role of geographic proximity and trade complementarity. The authors
emphasised that the costs generated by distance can be overcome only through deep economic integration and
optimised trade structures. The extent to which distance constrains Turkiye—3SI trade (-1.25), as also implied by
Tang et al. (2024), points to logistics networks and structural impediments that have not yet been fully optimised.
In addition, while Zhai (2023) noted that physical distance remains a fundamental factor suppressing trade
volumes despite regional trade agreements, Wani (2024) demonstrated that, on routes with weak infrastructure
connectivity, the trade-impeding effect of distance is far more destructive for developing countries. In this
context, the relatively high distance coefficient observed in this study may be explained by Tirkiye's structural
reliance on road transport for trade with the region. Accordingly, the results indicate that, to increase Turkiye's
export potential, priority should be given not only to production capacity but also to logistics infrastructure
projects that reduce the cost burden associated with physical distance.
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When the economic-size variables are examined, both Turkiye's (elasticity = 0.685) and the partner countries'
(elasticity = 0.424) income coefficients are found to be positive and statistically significant. However, Tlrkiye's
GDP coefficient is clearly higher than those of the partner countries (0.69 > 0.42), indicating that, in determining

bilateral trade volume, "supply-side" factors play a more dominant role than external demand.

This asymmetric elasticity structure suggests that the primary driver of export performance is not the partner
economy's market expansion, but rather the exporting country's domestic production capacity and industrial scale.
In other words, growth in the Turkish economy and increases in production strength constitute the central "push
factor” driving exports to the 3SI region. This pattern implies that Turkiye's export growth exhibits a structural
character that depends more on its own supply potential and competitiveness than on fluctuations in partner

countries' income levels.

When the population variables are analysed, Tlrkiye's population coefficient is found to be remarkably high
(elasticity = 2.414). Within the theoretical framework, Bergstrand (1989) noted that a positive coefficient for the
exporter's population suggests production advantages rooted in economies of scale. The magnitude of this
coefficient indicates that Turkiye's trade potential is significantly driven by its domestic production capacity.
Furthermore, as suggested by the literature and the structural characteristics of the Turkish economy, such high
elasticity may be interpreted as a reflection of a large labor force and demographically driven production capacity,

which provides a supply-side advantage in trade with the 3SI region.
CONCLUSION

This study analysed the bilateral trade potential between Turkiye and 13 member countries of the 3SI, as well as
the determinants of this trade, within the framework of an augmented gravity model (Augmented Gravity Model)
over the 2004-2024 period. The empirical findings yield three critical conclusions regarding the core dynamics

of trade between Turkiye and the 3SI region.

First, physical distance and logistics costs continue to represent the most substantial barriers to trade integration.
The relatively high distance elasticity of -1.25 indicates that Tulrkiye's trade with the region remains highly
sensitive to distance. This outcome demonstrates that Tirkiye's structural dependence on road transport for trade

with 3SI countries, together with non-tariff barriers at border crossings, has substantially increased export costs.

Second, Turkiye's export performance exhibits a "supply-side” character. The effect of Turkiye's economic size
(GDP) on exports (0.69) is higher than the income effect of partner countries (0.42). This finding indicates that
Turkiye's export expansion to the 3SI market has been driven less by growth in external demand than by increases

in Turkiye's domestic production capacity and industrial scale.

Third, the high coefficient on the population variable (2.41) confirms that Tirkiye's large population supports
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trade not only as a consumption market but also as a decisive production factor that generates economies of scale.

Policy Implications: In light of the study's findings, the following policy steps are recommended in order for the
trade potential between Turkiye and the 3SI region to be fully realised:

> Logistics Infrastructure and Rail Integration: The north—south oriented infrastructure projects that
constitute the backbone of the 3SI (Via Carpatia and Rail2Sea) should be integrated with Turkiye's east—
west Middle Corridor route and the southern-axis Development Road Project. Through such integration,
the shortest and most secure route would be formed for 3SI member states, linking ports on the Baltic,
Adriatic, and Black Seas to Asia—Pacific (China) and the Persian Gulf (Middle East) markets via Turkiye.
In particular, the Development Road Project—envisaged to extend from Iraq through Tirkiye to Europe—
would render Turkiye an indispensable "bridge country™ for 3SI members' access to energy resources and
Middle Eastern markets. Accordingly, modernising Turkiye's rail networks and strengthening port
connections would not only reduce Turkiye's export costs but also position Tlrkiye as a strategic transit
hub for trade between 3SI countries and Asia and the Middle East. This "win-win" strategy would

maximise regional trade volumes by bringing unit transport costs closer to EU levels.

» Modernisation of Border Crossings: To minimise border-related costs stemming from Turkiye's position
outside the EU Single Market, digital customs applications and fast-track crossing systems similar to the
"Green Lane" should be expanded at western border gates, such as Kapikule, through bilateral agreements

with 3SI countries.

» Production-Oriented Export Strategy: Given the supply-side character of exports, redirecting public
incentives away from solely market-research activities and toward industrial investments that directly
expand production capacity and deepen technological capabilities would ensure the sustainability of

export growth to the region.

> Energy Supply Security and Strategic Partnership: Turkiye's role as an energy corridor (TANAP, etc.)
may contribute to the 3SI's energy security. Positioning Turkiye as an "energy hub" in the delivery of
Caspian and Middle Eastern energy resources to the 3SI region would deepen not only merchandise trade

but also strategic trade in services.

> Institutional Integration and Future Vision: Turkiye's existing "Strategic Partnership” status with the 3SI
should not remain limited to a diplomatic framework, but should be deepened through tangible economic

projects and operational cooperation.

Although this study has identified the key determinants of trade relations between Turkiye and Three Seas
Initiative countries from a macroeconomic perspective, it also opens new avenues for research warranting deeper

exploration in the literature. First, given that logistics barriers are not confined solely to physical distance, future
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studies could incorporate variables such as the Logistics Performance Index (LPI) or the Liner Shipping
Connectivity Index (LSCI), thereby allowing the sources of trade costs to be specified more precisely. In addition,
disaggregated analyses conducted by strategic sectors—such as automotive, defence industries, and energy—
rather than using aggregate trade data, would play a critical role in identifying the sectors in which the "supply-
side" export character detected in this study is more pronounced. Finally, examining the tendency of trade routes
to shift from northern corridors toward alternative routes such as the Middle Corridor and the Development Road
following geopolitical shocks, including the Russia—Ukraine war, through structural-break time-series models
would provide an original contribution to the literature by improving understanding of the region's evolving

logistics architecture.
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Abstract

Developments in healthcare technology and improvements in the quality of healthcare services worldwide have increased
life expectancy and, consequently, the ageing population. The growing ageing population is exerting pressure on healthcare
systems and their financing, threatening their financial sustainability. The ageing population's multiple medication use,
chronic disease burden, and frequency of visits to outpatient clinics and emergency departments increase healthcare
expenditures and, consequently, pharmaceutical expenditures. This significant increase has been a driving force for the
empirical examination of this relationship. This study examines per capita pharmaceutical expenditures, the proportion of
the population aged 65 and over, and per capita income. The aim of this study is to determine whether income and the
elderly population affect pharmaceutical expenditures and to develop policy recommendations accordingly. To analyse the
extent to which pharmaceutical expenditures are affected by the ageing population and income level, a single-equation
dynamic regression analysis with a lagged dependent variable was conducted, and Newey—West HAC standard errors were
applied to address heteroscedasticity and autocorrelation. The findings obtained in this study, in the short term, the
proportion of the ageing population and income level do not have a statistically significant effect on pharmaceutical
expenditures; however, in the long term, an increase in the ageing population raises per capita pharmaceutical expenditures.
This reveals that the increase in pharmaceutical expenditures is primarily attributable to changes in the demographic
structure rather than temporary factors. The study's empirical findings offer implications for health policies. The results
highlight the need for policymakers to consider demographic projections when planning health and pharmaceutical budgets.

Keywords: Health economics, pharmaceutical expenditure, health expenditure, ageing population, income
JEL Codes: 110, 112, J14, E21

INTRODUCTION

In recent years, advances in healthcare technology, improvements in the quality of healthcare services, and

developments in medicine have led to increases in life expectancy worldwide, declines in fertility rates, and

There is no conflict of interest.

1 Dr. Res. Assist., Yksek ihtisas University, E-Mail: ezgi.dogan@yuksekihtisas.edu.tr, Ol 0000-0002-7751-7687 Contribution rates
to the study 100 %.

Cite As: Dogan, E. (2026). The relationship between pharmaceutical expenditure, the ageing population and income in Turkey: A
dynamic regression analysis. InTraders International Trade Academic Journal, 9(1), 19-32.
https://doi.org/10.55065/intraders.1869708

©28d This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC
BY NC) license.

InTraders International Trade Academic Journal, Volume 9, Issue 1, 2026
www.intraders.org
19


http://www.intraders.org/
https://doi.org/10.55065/intraders.1869708
https://orcid.org/0000-0002-7751-7687
https://doi.org/10.55065/intraders.1869708

| InTraders Journal, 9(1), 2026|
The Relationship Between Pharmaceutical Expenditure, the Ageing Population and Income in Turkey: A Dynamic Regression Analysis

changes in demographic structures. Consequently, the proportion of the ageing population has increased. In
Turkey, the proportion of the population aged 65 and over, which was 6.8% in 2008, reached 9.9% in 2022. The
increasing prevalence of diseases and chronic illnesses among the ageing population has driven demand for
healthcare services, thereby increasing healthcare expenditures (Hayran, 2019, p.71; Beceren et al., 2021, p.5;
OECD, 2023; Eryer, 2024, p.193).

Among the reasons for the increase in healthcare expenditure are the growing proportion of the population aged
65 and over and the rising demand for medical and long-term care services. It is stated that the growing ageing
population poses a significant burden on healthcare services and social security, and that this situation makes it
important to shape future pension and social security policies. In addition, it is thought to negatively affect the
sustainability of public finances across countries (Beceren et al., 2021, p.8; Oncebe, 2024, p.109). The ageing
population visits outpatient clinics and emergency departments more frequently than the non-elderly population.
This means that the ageing population benefits from more healthcare services and that healthcare expenditure
increases due to medication use. In this context, studies show that healthcare expenditure for the ageing
population is three times higher than for the general population (Lu et al., 2016). In addition to general healthcare
expenditures, the ageing population's medication expenditures are also higher than those of the general
population, and they often use multiple medications. The prevalence of multiple diseases among the elderly and
the associated increase in multiple medication use lead to higher medication and healthcare expenditures (Lu et
al., 2016, p.45).

This study aims to analyse, using econometric methods, whether per capita income and the proportion of elderly
people in Turkey between 2008 and 2022 affect pharmaceutical expenditure. Within this framework, the study
examines the relationships between pharmaceutical expenditure, the proportion of older people, and per capita
income, and presents policy recommendations. The empirical part of this study aims to estimate the dynamic
adjustment structure and long-term elasticity of pharmaceutical expenditures rather than testing the causal

relationship.

Although the relationship between the ageing population and health expenditures is frequently addressed in the
literature, studies focusing on the ageing population and pharmaceutical expenditures are rather limited. This
study, which aims to analyse the effects of the ageing population ratio and per capita income on pharmaceutical

expenditures, is expected to contribute to the literature.

To summarise the study's general outline, it first includes a literature review. Subsequently, the data set is
discussed, an econometric analysis is performed, and the findings are presented and interpreted. Finally, the

conclusions and policy recommendations are presented.
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LITERATURE REVIEW

In the literature, few studies analyse the relationship among pharmaceutical expenditures, the proportion of the
ageing population, and income. Studies have predominantly focused on health expenditures and the proportion
of the ageing population. Empirical studies specifically analysing pharmaceutical expenditures from an

econometric perspective are rather limited in the literature.

The study is distinctive in that it examines pharmaceutical expenditures specifically rather than health
expenditures and analyses the effect of the ageing population ratio and per capita income on pharmaceutical

expenditures, thereby contributing to the literature.

Getzen (1992) examines whether the increase in per capita health expenditure is due to population ageing or other
factors. Analyses conducted using data from 20 countries between 1960 and 1988 show that, at first glance,
ageing appears to increase health expenditure. However, this relationship is actually driven by per capita income
growth and other factors that change over time. After controlling for income and other variables, no significant
relationship is observed between the age structure of the population and total health expenditures. Although
ageing determines where health expenditures occur, it does not determine the total level of expenditure.
Therefore, it is concluded that the main reason for the increase in health expenditures is health policies and cost

management rather than demographic changes.

Zweifel et al. (1999) concluded that the ageing of the population, driven by increases in life expectancy in
Switzerland between 1983 and 1992, did not affect per capita health expenditures, as the terminal phase of life is
costly regardless of age. It was found that healthcare expenditure is linked to proximity to death (time remaining
until death) rather than calendar age. The study indicated that the main reasons for the increase in healthcare
expenditure are the structure of the healthcare system, technological developments and inefficiencies in insurance

markets, rather than demographic change.

Morgan (2005), in his study, cited the selection of more expensive drugs per treatment process and the increase
in the number of concurrent treatments per patient as the main reasons for the increase in pharmaceutical
expenditure, and stated that the ageing of the population had no significant effect on expenditure. However, he

found that per capita expenditure increased most rapidly among individuals aged 45-64.

Kildemoes et al. (2006) estimated future spending on prescription drugs in Denmark, accounting for the ageing
population. The study concluded that population ageing is highly likely to increase spending on prescription

drugs.

Morgan (2006) examined demographic profiles related to prescription drug use and drug expenditure in the
province of British Columbia between 1996 and 2002. They found that per capita drug expenditure increased by
an average of 10.8 per cent annually, with population ageing accounting for 1.0 percentage points of this annual
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expenditure increase. The study also found that the remaining annual expenditure increase was attributable to

increases in age- and gender-specific drug expenditures.

Palangkaraya and Yong (2009), in their study covering 22 OECD (Organisation for Economic Co-Operation and
Development) countries between 1990 and 1996, found that population ageing, when proximity to death is taken
into account, is negatively correlated with healthcare expenditure. They suggested that the effects of ageing on
health expenditure may have been exaggerated. In contrast, the effects of high end-of-life medical care costs may
have been underestimated. Micro-level studies indicate that the primary driver of rising health expenditure in
developed countries is proximity to death rather than ageing. However, it has been noted that the macro-level
evidence depends on the characteristics of the empirical model used.

In their study, Hermanowski et al. (2015) analysed the relationships between life expectancy and per capita GDP
(Gross Domestic Product), and between pharmaceutical and non-pharmaceutical health expenditure in OECD
countries. The study used data from 34 OECD countries for the period 1991-2010. The empirical results of the
study reveal that there are common long-term trends between life expectancy, economic growth and health
expenditure in OECD countries, but that increases in life expectancy cannot be explained by pharmaceutical
expenditure alone. The study concludes that long-term increases in life expectancy may be influenced by factors

beyond the model, such as technological developments, lifestyle changes, and social determinants.

Tamakoshi and Hamori (2015) examined the cointegration relationships among health expenditures, GDP, and
the ageing population ratio across Japan's 47 prefectures using panel cointegration tests. Empirical results indicate
a cointegration relationship among the three variables. By estimating the effects of GDP and the ageing
population ratio on health expenditures, it was found that the ageing population ratio was positively and
significantly associated with health expenditures. As a result of these findings, it was stated that attention should
be paid to the ageing society problem in order to control rising health expenditures in Japan.

Lopreite and Mauro (2017) analysed the effects of demographic changes in Italy on health expenditures between
1990 and 2013 using a Bayesian VAR model. The analysis results revealed that health expenditures responded
more to the ageing population than to life expectancy and GDP per capita.

Pascual-Saez et al. (2017) examined health expenditures, GDP, and the population aged 65 and over in Spain for
the period 2002-2013 using cointegration analysis. The findings revealed cointegration across all of Spain's
autonomous regions. The study concluded that the ageing population increases per capita public health

expenditure.

Okunade et al. (2018) examined the relationships among total health expenditure, GDP per capita, an ageing
population, and technological developments across 34 OECD countries for the period 1980-2014. The panel
ARDL approach and Granger causality tests were applied in the research. The study's findings reveal a long-term
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relationship among health expenditures, income levels, an ageing population, and technology. Furthermore, it
was concluded that technology diffusion through international patent collaborations plays a significant role in
long-term health expenditures. The findings reveal that, in the long term, health expenditures are determined by
income level, the ageing population ratio, and technological developments; in the short term, the main driving

force is income growth.

In their study, Lopreite and Zhu (2020) examined the relationships among the ageing index, life expectancy,
economic growth, and healthcare expenditure for the period 1978-2016 in China, which has experienced
accelerated economic growth and population ageing over the last 40 years, using a Bayesian VAR model. The
study found that the ageing index responds significantly to life expectancy, per capita health expenditure, and per
capita GDP.

Konca et al. (2021) analysed per capita health expenditure and the proportion of the ageing population in 36
European countries between 2000 and 2014 using panel least squares regression. The study found that per capita
health expenditure and the proportion of the ageing population mutually influence each other. It was stated that
an increase in the proportion of the ageing population leads to increased health expenditures, greater utilization

of health services, and, consequently, an increase in the proportion of the ageing population.

Eryer (2024) examined the impact of the ageing population on health expenditures for G-7 countries and Turkey
between 2000 and 2022 using panel data analysis. The analysis found that, except for the USA, the impact of the
ageing population on health expenditures was positive and statistically significant across all countries.

In a study by Oncebe (2024), the relationship between an ageing-dependent population, health expenditures, and
domestic debt in Turkey for the period 2000-2023 was analysed using the ARDL model. The study used the
domestic debt variable as an indicator of the economic burden. The study's findings reveal that the elderly-
dependent population in Turkey during 2000-2023 does not harm domestic debt in the short or long term.

However, it was found that higher health expenditures are associated with higher domestic debt.

In the study covering the period 1990-2021, Tiras and Turkmen (2024) analysed the relationship between per
capita pharmaceutical expenditures and per capita GDP variables in the 20 countries with the highest per capita
pharmaceutical expenditures using the panel cointegration test. The analysis found that the long-term per capita
pharmaceutical expenditure coefficient was not statistically significant across the panel. Increased pharmaceutical
spending has been found to boost per capita GDP in the US, Japan, Austria, Australia, the Czech Republic, and
Portugal. At the same time, it has decreased per capita GDP in Germany, Canada, Luxembourg, and Ireland.
Furthermore, it has been noted that adopting rational drug use would prevent unnecessary pharmaceutical
spending and positively contribute to per capita GDP.

DATA SET AND METHODOLOGY
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This study examines per capita pharmaceutical expenditure, per capita GDP and the ageing population ratio for
Turkey for the period 2008-2022 on an annual basis. The data is compiled from the OECD database. Per capita
pharmaceutical expenditure and per capita GDP data are in USD (United States Dollar) and represent real data

adjusted for purchasing power parity (PPP). Data abbreviations and sources are presented in the table below.

Table 1: Data Set

Variables Variable definition Database

Expenditure Per capita expenditure on pharmaceuticals (PPP, Constant) https://data-explorer.oecd.org/
GDP Per capita GDP (PPP, USD, Constant) https://data-explorer.oecd.org/
Ageing Percentage of population aged 65 and over https://data-explorer.oecd.org/

Source: Created by the author

In this study, the dynamic structure of per capita pharmaceutical expenditures is analysed within a single-equation
dynamic regression model that includes a lagged dependent variable. This model is generally referred to in the
literature as the ADL (1,0) specification, which is a special case of the Autoregressive Distributed Lag (ADL)
approach (Sargan, 1980, p.880; Semykina and Wooldridge, 2013, p.48). The current period's per capita
pharmaceutical expenditure is modelled as a function of the previous period's per capita pharmaceutical
expenditure and the relevant explanatory variable. This econometric approach aims to reveal factors such as the

impact of habits on pharmaceutical consumption and continuity.

In this study, the fact that the series examined have integration degrees such as 1(0) and I(1) and that the period
range is limited are among the reasons for preferring a single-equation dynamic regression model over multi-
equation cointegration methods. This aims to provide more stable coefficient estimates. Newey—West
heteroscedasticity- and autocorrelation-consistent (HAC) standard errors were used to ensure robustness against
possible autocorrelation and heteroscedasticity in the error terms (Newey & West, 1987). Using the Newey-West
HAC estimator in time series, both autocorrelation and heteroscedasticity problems can be solved. This method
estimates coefficients and their standard errors, accounting for autocorrelation and heteroscedasticity. This
method also adjusts the calculations of standard errors, t-statistics, and p-values for regression coefficients
(Kartal, 2024, p.128). This enhances the reliability of statistical inferences. The dynamic multiplier method was
used to analyse long-term effects. This allows short-term and long-term effects to be separated. The equation

representation of the model is presented below.
In(Expenditure,) = ao + ou In(Expenditure1) + B1 In(Ageing,) + & (1)

In Equation 1, the natural logarithm of per capita pharmaceutical expenditure is used as the dependent variable.
The lagged dependent variable term in the model aims to capture the continuity in pharmaceutical expenditure.
The coefficient o represents the effect of past-period pharmaceutical expenditure on current-period expenditure.
The ageing population ratio variable shows the effect of demographic structure on pharmaceutical expenditures.

The B: coefficient expresses the effect of changes in the ageing population ratio on pharmaceutical expenditures
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in the short term. Here, In denotes the natural logarithm, t denotes time, and t-1 denotes a period lag. The error

term in the model is denoted by & and represents the effect of other factors not included in the model.
In(Expenditure;) = oo + o In(Expenditurec1) + B2 In(GDPy) + & 2

Equation 2 examines the effect of income level on pharmaceutical expenditures, using per capita GDP as the
explanatory variable. The lagged dependent variable again represents expenditure continuity and dynamic
structure. The B2 coefficient shows the percentage change in per capita pharmaceutical expenditures in the short
term resulting from a 1% increase in per capita income. This coefficient shows the income elasticity of
pharmaceutical expenditures. The per capita income variable has been included separately in the model to

understand the role of economic factors independently of demographic effects.
In(Expenditure;) = oo + o In(Expenditure-1) + B1 In(Ageing;) + B2 In(GDPy) + & 3)

Equation 3 includes both the ageing population ratio and per capita GDP simultaneously, thereby capturing their
combined effect. This specification serves as a robustness check to determine whether the results from single-

variable models hold when both variables are included in the model.

LRAgeing = - f lal (4)

Equation 4 shows the total long-term effect of the permanent increase in the ageing population ratio on per capita
pharmaceutical expenditures. The B coefficient in the equation is estimated as a long-term multiplier, accounting

for the continuity of pharmaceutical expenditures.

B

_al

LRGDP =

()

Equation 5 shows the long-run elasticity of pharmaceutical expenditures with respect to a permanent increase in

per capita income. Here, the 2 coefficient captures the cumulative effect of per capita income over the years.

RESULTS

In the empirical analysis section of the study, per capita pharmaceutical expenditures, per capita GDP, and the
proportion of the population aged 65 and over were analysed using econometric methods in Stata, and the findings
are presented below. The ageing variable is defined as the share of the population aged 65 and over, which reflects
the demographic structure of the population. In studies examining health and pharmaceutical expenditures,
demographic variables are often expressed as population shares to capture changes in the age structure (Konca et
al., 2021). In addition, all variables are used in natural logarithms in order to reduce scale differences across
variables and to allow the coefficients to be interpreted in percentage terms. The analyses began by examining

the stationarity of the series, and in this context, the ADF (Augmented Dickey-Fuller) unit root test was applied.

Table 1: ADF Unit Root Test
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Variables t-statistics 5% critical value p-value
In(Expenditure) -3.614 -3.600 0.028*
In(GDP) -2.661 -3.600 0.252
In(Ageing) -2.851 -3.600 0.179
Aln(GDP) -3.233 -3.000 0.018*
Aln(Ageing) -2.893 -3.000 0.046*

Source: Created by the author

Note: The A symbol indicates first differences. Series found to be stationary at the 5% significance level are marked with

an asterisk (*). A logarithmic transformation has been applied to the series, denoted by In.

According to the ADF unit root test results in Table 1, the p-value of the In (Expenditure) series is 0.028,
indicating that it is stationary at the level. In contrast, the p-values of the In(GDP) and In(Ageing) series in the
ADF unit root test are 0.252 and 0.179, respectively, which are greater than the 5% significance level. Neither
series is stationary at the level. The first differences of these two series were taken, and the p-values of Aln(GDP)
and Aln(Ageing) were 0.018 and 0.046, respectively. Both values are lower than 0.05, indicating that the series
become stationary in the first difference. In the continuation of the analysis, a single-variable dynamic regression
model was preferred due to the mixed stationarity levels of the series and the limited sample size. Classical OLS
standard errors can lead to biased results when heteroscedasticity or autocorrelation is present. In this context,

the Newey-West HAC method was preferred.

Table 2: Single Variable Dynamic Regression (Ageing Population Ratio)

Variables Coefficient p-value
L.In(Expenditure) 0.791 0.000
In(Ageing) 0.470 0.197
Intercept 0.158 0.748

L denotes the lag operator, indicating a one-period lag in the variable.

Source: Created by the author

Table 2 shows that pharmaceutical expenditures, expressed as In (Expenditure), exhibit strong persistence. The
coefficient of the lagged dependent variable L.In(Expenditure) is 0.791, which is highly significant. This indicates
that the level of pharmaceutical expenditures in the previous year strongly influences pharmaceutical
expenditures in the current year. For these reasons, it is understood that pharmaceutical expenditures are persistent
data that do not change easily in the short term. This persistence can be explained by the continuity of treatments,
repeat prescriptions, the presence and frequency of chronic diseases, and reimbursement mechanisms that
maintain the level of pharmaceutical expenditures over time. When the short-term coefficient for the ageing
population ratio was examined, it was 0.470 (p=0.197; p>0.01), yielding no statistically significant results. This
indicates that an increase in the ageing population ratio does not lead to higher pharmaceutical expenditures in

the same year. The expenditure-increasing effect of ageing does not emerge in the short term but may emerge
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gradually and cumulatively over time.

Table 3: Single Variable Dynamic Regression (GDP)

Variables Coefficient p-value
L.In(Expenditure) 0.889 0.000
In(GDP) 0.217 0.320
Intercept -1.587 0.395
Lag=1

Source: Created by the author

Table 3 shows that the coefficient of the lagged dependent variable is 0.889 and is statistically significant. This
confirms the continuity of pharmaceutical expenditures. The Ln(GDP) coefficient is 0.217, and the p-value is
0.320, which is greater than 0.01. The result is not statistically significant. This indicates that per capita GDP in
Turkey does not have a statistically significant short-term effect on per capita pharmaceutical expenditures. Drug
prices, co-payments, reimbursement systems, and public regulations are thought to determine drug demand based

on need, and income elasticity is considered weak, meaning sensitivity to income growth is low.

The lack of statistically significant fixed-term coefficients in both models indicates that past expenditure levels
and the explanatory variables primarily explain changes in pharmaceutical expenditures. The short-term results
presented in Table 2 and Table 3 reveal that past spending habits, the country's institutional structure in the health
sector, and pricing mechanisms have a greater impact on pharmaceutical expenditures. In comparison, the ageing

population and income growth may have a greater impact through long-term channels.

Table 4: Long-Term Effects

Long-Term Effect Coefficient ~ Standard Error p-value 95% Confidence Interval
LRAgeing (single variable) 2.252 0.999 0.024 [0.293, 4.211]
LRGDP (single variable) 1.970 1.636 0.228 [-1.235,5.177]

Source: Created by the author

Short-term coefficients in dynamic regression models cannot alone provide a permanent effect; what is
fundamentally important here is the long-term multiplier coefficient. Within this framework, long-term
multipliers were calculated using the coefficients obtained from the two different dynamic regression models
presented above. According to the long-term analysis findings, the LRAgeing coefficient is 2.252, and the p-
value is 0.024. The result is significant at the 5% level, indicating that the ageing population ratio has a positive,
statistically significant effect on per capita pharmaceutical expenditures. According to the findings, a 1% increase
in the ageing population ratio increases per capita pharmaceutical expenditures by approximately 2.25% in the
long term. This result shows that population ageing creates a lasting pressure on pharmaceutical expenditures.
While an increase in the ageing population ratio has no significant effect in the short term, it leads to significant
results in the long term. This situation shows that an increase in the ageing population ratio increases the demand
for healthcare services and, consequently, pharmaceutical expenditures, and that this increase occurs
InTraders International Trade Academic Journal, Volume 9, Issue 1,2026
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cumulatively.

The LRGDP coefficient is 1.970, and the p-value is 0.228. The p-value is greater than 0.01 and is therefore not
statistically significant. Consequently, the existence of a long-term income effect cannot be established. The
findings reveal that pharmaceutical expenditures in Turkey are more related to the structure of the population and
the health status of society than to per capita income levels, and that they are more sensitive to these factors.

Table 5: Robustness Analysis: Short-Term

Variables Coefficient Standard Error p-value
L.In(Expenditure) 0.528 0.135 0.003
In(Ageing) 2.326 1.052 0.052
In(GDP) -1.124 0.656 0.118
Intercept 9.067 4,963 0.098

Source: Created by the author

Table 5 shows that the coefficient of the lagged dependent variable is 0.528 and the p-value is 0.003. These values
indicate that the continuity of pharmaceutical expenditures persists across different specifications. Thus, the
reliability of the findings has been enhanced. The In(Ageing) coefficient is 2.326 and the p-value is 0.052,
indicating a marginally significant result at the 10% level. The In(GDP) coefficient is -1.124 and the p-value is
0.118. The result is not statistically significant.

Table 6: Robustness Analysis: Long-Term

Long-Term Effect Coefficient Standard Error p-value 95% Confidence Interval
LRAgeing 4.937 1.670 0.003 [1.663, 8.210]
LRGDP -2.387 1.123 0.034 [-4.590, -0.184]

Source: Created by the author

The LRAgeing coefficient is 4.937 and the p-value is 0.003, indicating that the result is statistically significant
and positive. This shows that the ageing population ratio has a permanent and significant effect on pharmaceutical

expenditures. The findings reveal that the effect of the ageing population ratio variable is stable.

In the robustness specification, the long-term effect of the ageing population is positive and strongly significant.
The long-term effect of income is negative and significant at the 5% level in this specification; this suggests that

the income effect may be sensitive to the model, whereas the ageing effect is more stable.

CONCLUSION

Age, health status, employment status, access to healthcare services, having health insurance, and individuals'
income levels are among the factors considered to influence pharmaceutical consumption (Oztiirk et al., 2019).
The direct effects of new technologies on life expectancy and quality of life, along with advances in medical
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technology, have significantly increased pharmaceutical expenditures. One of the main reasons for the increase
in pharmaceutical expenditure is the change in the age structure of the population. Particularly in developed
countries where life expectancy has increased, the growth of the ageing population has driven up health
expenditure. Pharmaceutical expenditure is increasing rapidly in two ways: both on the supply side (the
pharmaceutical industry) and on the demand side (demographic, economic, etc.). For this reason, almost all
countries are taking steps to reduce costs and control the rise in pharmaceutical expenditure through regulatory
policies. This is primarily achieved through the reorganisation of health-related budgets and the imposition of
price controls (Caliskan, 2008, pp.70-71).

This study investigates the impact of the ageing population ratio and income level on pharmaceutical expenditures
in Turkey for the period 2008-2022. The results of the single-variable dynamic regression, in which the ageing
population ratio and per capita income variables were included separately in the model, revealed that per capita
pharmaceutical expenditures are primarily dependent on past period expenditures. This situation suggests that
pharmaceutical consumption shows some continuity, driven by ongoing treatments and chronic diseases. The
study's findings show that the short-term effects of the ageing population ratio and per capita income variables
are not statistically significant. This result indicates that short-term medication expenditure is determined more

by current expenditure levels and institutional regulations than by population structure and per capita income.

In the study's long-term analyses, it was found that the proportion of the ageing population has a positive,
statistically significant effect on per capita pharmaceutical expenditure. The analysis finds that the ageing
population ratio increases over time, creating a lasting pressure on pharmaceutical expenditures. This result
indicates that the financial impact of the growing ageing population on healthcare services becomes more
pronounced in the long term rather than the short term. This situation may pose a significant risk to the
sustainability of healthcare expenditures and financing.

The study's empirical findings offer implications for health policies. The strong, stable, positive long-term effect
of the ageing population ratio among the variables indicates the need to consider demographic projections when
planning health and pharmaceutical budgets. An ageing population, along with an increasing disease burden and
multiple drug use, can lead to a structural increase in pharmaceutical expenditure. In this context, investments in
preventive healthcare services for early disease diagnosis and prevention will reduce healthcare expenditure and,
consequently, pharmaceutical expenditure in the long term. In addition, the use of equivalent medicines,
informing patients and increasing health literacy within the scope of public health policies are necessary to
prevent unnecessary medication use. Low health literacy leads to an inability to understand and use health
information, resulting in unnecessary use of health services, non-compliance with treatment, incorrect medication
use, and increased healthcare costs (Saygin et al., 2021, p.1560). This situation can increase pharmaceutical

expenditures. In this context, public health policies that increase health literacy are critical. In this context, policy
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tools such as increasing patient information activities, expanding health education programmes, training
healthcare personnel in patient communication, making reliable health information accessible through digital
channels, and providing clear and understandable information materials on medication use are crucial for
improving health literacy. Within the context of these applications, savings in medication expenditures will also
increase efficiency and financial performance in healthcare services (Uygun & Yigit, 2017, p.289).

The study analyses the period 2008-2022 in Turkey and finds that the effect of the income variable is limited.
This indicates that the current reimbursement and pricing systems play a significant role in shaping drug demand.
However, the increase in demand associated with an ageing population underscores the need to review the

effectiveness of reimbursement mechanisms regularly.

This study presents empirical findings by examining the ageing population ratio, representing the demographic
structure, and the per capita income variable, representing the economic aspect, among the determinants of
pharmaceutical expenditure. Studies in the literature focus on health expenditure and the ageing population, while
studies addressing pharmaceutical expenditure are limited. The findings of this study reveal that an increase in
the ageing population ratio affects pharmaceutical expenditures in the long term, consistent with the literature
(Tamakoshi & Hamori 2015, p.725; Konca et al., 2021, p.315; Eryer, 2024, p.193). Due to data constraints, this
study was conducted for the years 2008-2022, and the explanatory variables are limited to the ageing population
ratio and per capita income. In future studies, explanatory variables could be expanded to include drug price
indices, public reimbursement policies, and access to healthcare services.
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Abstract

This study aims to prioritize deployable policy packages that address energy-price shocks and employment protection in
Tirkiye, with the objective of identifying which combinations of fiscal, social, and industrial policy instruments can be
prioritized as relatively more effective in preserving jobs under energy volatility, based on expert-based multi-criteria
assessments, while remaining feasible within fiscal and administrative constraints. A multi-criteria decision-making
(MCDM) framework is employed to evaluate seven alternative policy packages at the portfolio level, based on expert
judgments from seven specialists in labour economics, energy policy, public finance, and implementation, who populate a
six-criterion decision matrix capturing expected unemployment reduction, time-to-impact, implementation feasibility, fiscal
cost per job, targeting accuracy, and durability of effects; the matrix is normalized using benefit—cost-aware min—-max
procedures, criterion weights are derived through the Entropy method and compared with an equal-weight baseline for
robustness, and policy packages are ranked using Simple Additive Weighting (SAW) with Additive Ratio Assessment
(ARAS) as validation. The findings indicate consistent rankings across methods, showing that the package combining
indexation thresholds, social energy tariffs, and structured debt restructuring provides the strongest immediate employment
protection, followed by targeted energy-bill relief with short-time work arrangements and export support with foreign
exchange risk hedging for energy-intensive SMEs, while structural measures such as industrial efficiency grants, reskilling
programs, heat-pump and retrofit investments, and green public employment exhibit greater long-term durability but weaker
short-run effectiveness. The study contributes by offering a portfolio-level multi-criteria evaluation of energy—employment
policy packages for Tirkiye and by providing an actionable sequencing framework distinguishing rapid stabilization
instruments from longer-term resilience measures.
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INTRODUCTION

Energy-price volatility has become a first-order macroeconomic and social risk for energy-importing economies
such as Turkiye because it affects employment through explicit transmission channels that connect energy shocks
to firms’ cost structures, output decisions, and labor demand. When natural gas, electricity, and refined-product
prices rise, firms’ variable input costs increase immediately, raising unit costs and compressing profit margins. In
sectors with limited pricing power, margin compression is commonly absorbed through cost containment rather
than full pass-through, which translates into hiring freezes, reduced overtime, shorter hours, postponed
investment, and—under sustained stress—Ilayoffs. In sectors that attempt cost pass-through, higher output prices
weaken sales volumes, reduce production, and lower derived demand for labor. These cost and demand
mechanisms clarify why employment losses can occur even if the initial shock originates on the input side rather
than from a fall in final demand. (Kilian & Zhou, 2023).

A second set of mechanisms operates through liquidity and distribution. Energy shocks tighten firms’ cash-flow
positions because energy bills adjust rapidly while revenues and contracts adjust with lags, increasing working-
capital needs and liquidity risk—especially for SMEs and energy-intensive firms. When liquidity constraints bind
and financing conditions tighten, firms reduce payroll commitments (hours, temporary contracts, new hiring, and
eventually headcount) to preserve solvency. At the household level, higher utility and transport costs reduce real
disposable income—particularly for liquidity-constrained households—cutting consumption and weakening
demand in labor-intensive services. This household real-income channel feeds back into firms’ revenues,
reinforcing labor-demand reductions initiated by cost and liquidity pressures. Distributional channels can amplify
these effects because losses are concentrated among vulnerable households and smaller firms, raising the
likelihood of hour cuts and separations unless policy instruments quickly stabilize cash flows (Auclert et al.,
2023).

These channels do not operate uniformly across Tirkiye. Sector and regional heterogeneity shapes the severity
and timing of labor-market adjustment: energy-intensive exporters face sharper margin compression when energy
volatility coincides with exchange-rate movements and weak external demand; municipal service providers
confront rising utility bills that can outpace earmarked transfers and threaten local employment; and households
in poorly insulated dwellings experience disproportionate affordability stress, deepening demand-side
contractions. Because energy-price volatility influences employment through multiple pathways, the policy
challenge is to select packages that can simultaneously cushion firms’ cost and liquidity stress while protecting
household purchasing power to sustain demand. New administrative-data evidence also indicates that fine-
grained targeting—Ilinking social registries with metering or billing data—can materially improve incidence and

reduce leakage, which is crucial when fiscal space is tight and volatility is recurrent (Fawcett et al., 2024).
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Against this background, the purpose of this study is to produce a decision-oriented prioritization of feasible
policy packages for Turkiye that maximize near-term unemployment mitigation per unit of time and budget while
preserving macroeconomic discipline and administrative implementability. The analysis focuses on compact,
deployable combinations that align with existing Turkish policy rails, including thresholded indexation paired
with social tariffs and structured bill-debt workouts; targeted bill relief linked to short-time work (STW); export
support with FX hedging for energy-intensive SMEs; industrial-efficiency grants paired with rapid reskilling
vouchers; municipal intergovernmental transfer top-ups under clear guardrails; and heat-pump and building
retrofit programs for low-income households and SME premises. The objective is not to claim a single universally
best instrument, but to identify a ranked and sequenced portfolio that preserves the most jobs quickly at acceptable
fiscal cost, with credible targeting and manageable implementation burden, and to test how this ordering changes

under plausible shifts in weights and assumptions.

Methodologically, the study applies transparent, low-complexity multi-criteria decision methods—Simple
Additive Weighting (SAW) and Additive Ratio Assessment (ARAS)—because they are auditable, interpretable,
and decomposable into criterion contributions, allowing policy teams to see why a package ranks highly
(Zavadskas & Turskis, 2010; Giil, 2021; Izgiiden et al., 2022). A benefit/cost-aware normalized decision matrix
evaluates policy packages on six criteria: expected unemployment reduction, time-to-impact, implementation
feasibility, fiscal cost per job averted, targeting accuracy, and 24-month durability. Criteria weights are computed
using Entropy and compared with an equal-weight baseline for robustness. Inputs are derived from a structured
elicitation of seven spanning labor economics, energy/industry policy, SME/export finance, public budgeting,
and implementation (including municipal delivery), calibrated against Turkish program realities and recent

evidence on labor adjustment and targeting frictions (e.g., Osuna & Garcia Pérez, 2022; Fawcett et al., 2024).

To clarify the study’s analytical focus and guide the evaluation, the research is organized around the following
questions, which frame employment protection under energy-price volatility in Tlrkiye as a practical policy-

prioritization problem balancing speed, fiscal cost, feasibility, targeting accuracy, and durability.

RQ1. Which feasible policy packages provide the strongest near-term employment protection in Tirkiye under

energy-price volatility when evaluated jointly on speed, fiscal cost, feasibility, targeting accuracy, and durability?

RQ2. How do policy-package rankings change when criterion weights shift between objective (entropy-based)

weighting and an equal-weight baseline?

RQ3. To what extent do SAW and ARAS produce concordant rankings of policy packages, and which criteria

drive rank differences across methods?

RQ4. What sequencing strategy is implied by the highest-ranked packages, moving from rapid stabilizers to
longer-horizon exposure-reduction measures under Tiirkiye’s administrative and fiscal constraints?
InTraders International Trade Academic Journal, Volume 9 Issue 1, 2026
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The novelty of the study lies in providing a head-to-head, portfolio-level ranking of employment-focused energy
policy packages tailored to Tiirkiye’s fiscal and administrative constraints, rather than evaluating instruments in
isolation. It contributes a replicable evaluation frame that can be updated as monitoring data arrive, a criteria set
aligned with the observable trade-offs of energy volatility (speed, cost-effectiveness, feasibility, targeting
precision, durability), and a robustness design that checks stability across weighting schemes and concordance
across SAW and ARAS. The remainder of the paper situates the analysis within the literature on energy pass-
through and labor-market transmission, details the alternatives/criteria/data and evaluation procedures, presents
results with robustness checks, interprets trade-offs to derive sequencing guidance for Turkish conditions, and
concludes with policy implications and priorities for micro-data evaluation and iterative updating under recurrent

energy volatility.
LITERATURE REVIEW
Energy Shocks and Labour-Market Transmission

Energy price shocks reach the labour market through a web of cost, demand, expectation, and finance channels
that do not move at the same speed or with the same intensity. When energy becomes more expensive, firms face
higher production costs and squeezed margins, and many respond by raising output prices. How far pass-through
can proceed depends heavily on wage-setting rules and institutions. In environments with widespread indexation
or strong unions, wages react quickly, so real incomes and hiring decisions adjust sooner rather than with a long
lag (Kilian & Zhou, 2023). At the same time, firms operate under heightened uncertainty. Clustered and repeated
swings in energy markets make managers reluctant to invest or expand payrolls, reinforcing caution even in
sectors that remain profitable on paper (Dokas et al., 2023; Christopoulos et al., 2021). The type of shock matters
as well: disruptions in pipelines or LNG logistics propagate differently from demand booms, producing divergent
labour outcomes under similar headline price increases (Alessandri & Gazzani, 2025).

Once energy-driven inflation seeps into core prices, households’ real purchasing power declines, consumption is
cut back, and service-sector jobs become more vulnerable—especially where social protection systems are thin
or respond slowly (Skare et al., 2022). Policy and market design can either cushion or amplify these forces.
Misalignments between EU gas procurement strategies and shifting global trade heightened the risk of sudden
shortages and price spikes and prolonged uncertainty about disruption duration, making hiring freezes and
deferred expansion rational responses (Cardinale et al., 2024). Supply-chain effects add another layer: energy
bottlenecks raise the cost of raw materials and intermediate inputs and hit energy-intensive industries hardest,
where layoffs can be both quick and concentrated (Min, 2022). Financial markets then feed back into real
decisions; when energy-related equity prices become more volatile, borrowing costs rise and firms may scale
back staff before profits visibly deteriorate (Son & Ryu, 2024). In combination, wage rules, uncertainty, physical

bottlenecks, and financial frictions jointly determine how fast and how deeply labour markets adjust after an
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energy shock.

Recent research strengthens the empirical basis for these mechanisms by showing that employment effects are
heterogeneous and concentrated in exposed segments. Evidence for Europe indicates that electricity-cost
increases can induce employment reallocation, with stronger effects in more energy-intensive activities and where
competitive margins are tight (Bijnens, Hutchinson, & Saint Guilhem, 2026). Policy-facing analysis similarly
emphasizes that enduring high energy prices can translate into job losses concentrated in energy-intensive sectors,
reinforcing the relevance of cost exposure, pricing power, and adjustment costs for labour demand (Bijnens,
Hutchinson, & Saint Guilhem, 2025). Cross-country business evidence links electricity price differentials to
employment outcomes across European economies and highlights the role of economic structure in mediating
labour impacts (Eurochambres Chief Economists Group, 2025; Eurochambres, 2025). These contributions are
important for employment-protection design because they imply that vulnerability is patterned, not random, and
that targeting and feasibility conditions can determine whether policies reach the segments where job losses

concentrate.

Evidence from different regions further demonstrates that these channels interact with energy mix, import
dependence, industrial structure, and institutional strength. In North America, gas price movements affect
manufacturing and electricity generation, but employment responses depend on the technologies in use and the
degree of trade integration (Brown et al., 2021). In Southeast Asia, energy price increases generate uneven output
declines and supply-chain pressures, and local job losses reflect both input-price effects and exposure through
global production networks (Nguyen et al., 2024). Europe has experienced a distinct configuration: rerouted LNG
flows and weakened long-term fixed-price contracts intensified uncertainty, impeding investment in gas-
dependent export sectors and making it harder to sustain employment when margins are slim (Cardinale et al.,
2024). Capital markets offer additional signals because oil price fluctuations do not influence green-energy stocks
as they might conventional equities, implying different investment and employment profiles between technology-
rich firms and traditional energy producers (Zhou & Geng, 2021). Newer risk measures that incorporate external
shocks and macro-financial linkages also sharpen identification of vulnerable worker groups and regions (Zhang
& Zhou, 2024).

Energy volatility can also influence unemployment through aggregate dynamics that complement firm-level
adjustment. Recent MF-VAR evidence links energy price fluctuation to surveyed unemployment outcomes in a
transition context, supporting the view that volatility can affect labour markets through demand expectations and
macro conditions as well as through direct production costs (Long et al., 2025). Macro-external channels shape
adjustment space, because energy price shocks influence current-account balances depending on economic
structure, energy dependency, and renewable development, which in turn can condition exchange rates and

financing conditions relevant for labour demand (Nashi & Ouakil, 2025). These dynamics matter for Tirkiye
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because external financing constraints can tighten precisely when energy bills rise, amplifying pressure on firm
cash flow and employment. They also reinforce why near-term employment protection and macro discipline must

be considered jointly when choosing policy responses.

Policy design and macro stabilisation shape how much of an energy shock ultimately converts into job losses or
prolonged unemployment. Fiscal and monetary coordination can mitigate real-income declines and stabilize
demand, but instrument mix and timing are decisive for labour outcomes (Auclert et al., 2023; Kilian & Zhou,
2023). At the micro-institutional level, short-time work and temporary layoff schemes preserve firm—worker
matches, reduce separation rates, and compress unemployment spikes when rules target exposure and
administrative capacity supports rapid uptake (Osuna & Garcia Pérez, 2022). Local fiscal multipliers transmitted
through intergovernmental grants can sustain subnational employment during revenue shortfalls, particularly in
labour-intensive public services, though effects hinge on formula design and cyclical conditions (Giertz & Kumar,
2024). Over longer horizons, public investment in infrastructure and public employment programs can counter
hysteresis by maintaining attachment and creating complementary demand in exposed regions (Gasperin &
Skidelsky, 2021). Yet transition-period labour bottlenecks arising from skill mismatches constrain reallocation

and attenuate stimulus effects unless matching frictions are addressed explicitly (Lankhuizen et al., 2023).

Recent studies on volatility dynamics underscore that policy uncertainty and regime changes can intensify
adjustment pressures. Carbon price volatility is shaped by climate policy, fossil-fuel, and renewable-energy
shocks, illustrating that energy-related price processes can be driven by multiple interacting disturbances rather
than a single source (Wang, Lu, Safi, & Li, 2025). Time-varying evidence further indicates that carbon markets’
reactions to economic policy uncertainty and oil price shocks change across periods, implying that the relevant
risk environment can shift and that decision frameworks benefit from robustness checks (Wang, Safi, Wang, &
Zhang, 2025). Predictive work using hybrid statistical and machine learning approaches similarly highlights the
importance of anticipating volatility regimes when planning policy timing and sequencing (Shang, Pang, &
Wang, 2025). Nonlinear adjustment mechanisms also appear in the renewables domain: asymmetric threshold
effects suggest that responses to energy price fluctuations can differ across growth regimes, complicating the
expectation of proportional labour responses (Boulanouar, Essid, Farid, & Mahjoub, 2025). These findings
collectively motivate evaluation designs that test ranking stability under alternative weights and assumptions.

Household-level channels and distributional targeting add a further layer to labour-market transmission by
influencing effective labour supply and local demand. Energy poverty through high bill burdens and arrears
reduces disposable income and may constrain job search or hours, while also depressing neighbourhood demand
in services (Simshauser, 2022). Evidence from Spain suggests heating allowances can alleviate immediate
hardship, but employment-relevant welfare gains depend on design features that minimize leakage and sustain

liquidity during peak price episodes (Barrella et al., 2021). Social energy tariffs can improve health and economic
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participation among vulnerable groups when calibrated to price dynamics and targeted accurately, with recent
work exploring broader welfare implications (Jove-Llopis et al., 2025). Advances in smart-meter data enable
sharper targeting of support to high-risk households, improving the efficiency of fiscal outlays and stabilizing
local labour markets more effectively than blunt instruments (Fawcett et al., 2024). These distributional
mechanisms provide the substantive basis for including targeting accuracy, time-to-impact, and durability as

criteria in package evaluation.

Beyond relief, efficiency retrofits and electrification of end-uses (e.g., heat pumps) can generate longer-run bill
reductions, strengthen resilience to future shocks, and create installation jobs, although time-to-impact and
administrative complexity are typically higher than for cash-based measures (Zhou et al., 2021). Industrial
energy-management interventions—ranging from digital twins and plant audits to motor and thermal system
upgrades—Ilower exposure for SMEs and may dampen employment volatility by stabilizing operating costs (Yu
et al., 2022; Patterson et al., 2022; Errigo et al., 2022; Kapp et al., 2022). At the macro edge, improvements in
efficiency can attenuate the volatility of oil-linked price processes by altering demand elasticities, indirectly
supporting labour-market stability (Usman et al., 2025). Structural change toward higher energy efficiency via
industrial upgrading and coordination exhibits measurable gains that, if paired with re-skilling, can reorient
employment toward less shock-sensitive activities (Xue et al., 2022). In open economies, international
transmission of energy-linked input prices can also limit domestic control over cost conditions, reinforcing the

relevance of exposure reduction and hedging-compatible strategies (Li, Chen, Long, & Huang, 2026).

Taken together, the transmission literature implies that employment protection under energy volatility is
inherently a portfolio problem. Multiple objectives must be balanced simultaneously: rapid stabilization of firm
cash flow and cost exposure, protection of household purchasing power and local demand, preservation of
matches through retention tools, and maintenance of macro discipline when external balances and volatility shift.
This motivates evaluating feasible policy packages jointly on speed, fiscal cost, feasibility, targeting accuracy,
and durability (RQ1), testing how rankings change under alternative weighting schemes (RQ2), checking method
concordance across SAW and ARAS (RQ3), and deriving sequencing guidance that starts with rapid stabilizers

and shifts toward exposure reduction as capacity expands (RQ4).
Policy Instruments for Employment Protection under Energy Stress

Employment-preserving instruments under energy stress can be grouped into three complementary families: job
retention schemes, targeted household support, and firm-side exposure reduction. Each family differs in timeline,
administrative requirements, and the way it interacts with general-equilibrium channels. Evidence on job
retention indicates that short-time work and temporary layoff schemes cushion separation rates when eligibility
rules are well targeted and uptake is rapid, preserving firm—worker matches that would otherwise be irreversibly

lost in high-volatility episodes (Osuna & Garcia Pérez, 2022). From a macro-stabilization angle, coordinated
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fiscal-monetary policy tempers real-income erosion and demand shortfalls that compound cost shocks, but
instrument choice and timing are central for labour outcomes (Auclert et al., 2023). At sub-national level,
intergovernmental grants transmit sizeable local fiscal multipliers to employment, particularly in labour-intensive
public services, provided transfers are formula-driven and countercyclical (Giertz & Kumar, 2024). Because gas
and electricity shocks differ in propagation and duration, policy menus should be adapted to shock type rather
than relying on generic packages (Alessandri & Gazzani, 2025).

System-level diagnostics can aid such tailoring. Composite risk indicators that integrate exogenous shock
exposure help identify jurisdictions where retention subsidies deliver the highest employment payoff per unit of
fiscal cost (Zhang & Zhou, 2024). Regional case studies show that supply-chain structure matters for instrument
efficacy: where manufacturing clusters are tightly linked to energy-intensive inputs, retention support may need
to be paired with measures that stabilize intermediate-goods availability to prevent stop—start production cycles
and repeated hiring reversals (Brown et al., 2021; Nguyen et al., 2024). Recent European evidence indicates that
electricity-cost pressures can induce employment reallocation, implying that retention instruments may be
especially valuable for preserving matches in the most exposed segments while other measures address the
underlying competitiveness and exposure pressures (Bijnens et al., 2026). Cross-country business evidence also
suggests that persistently high electricity prices are associated with stronger employment pressures in exposed
industries, strengthening the case for rapid, targeted retention tools in the acute phase of shocks (Eurochambres
Chief Economists Group, 2025; Eurochambres, 2025; Bijnens et al., 2025). Together, these findings imply that
retention tools are most effective when embedded in a broader stabilization architecture that accounts for shock

anatomy, fiscal capacity, and sectoral interdependencies.

A second policy family targets household energy stress to support effective labour supply and local demand.
Social energy tariffs and bill-relief programs can improve health, liquidity, and labour-market participation
among vulnerable groups, but their employment salience depends on accurate targeting and predictable duration
rather than one-off cash injections (Jove-Llopis et al., 2025; Barrella et al., 2021). The experience of the 2022
crisis underscores that broad, non-targeted subsidies risk fiscal leakage and weak stabilization per unit of
expenditure, whereas smart-meter-informed targeting increases the ratio of delivered relief to need and can
support neighbourhood services employment by sustaining purchasing power where margins are thin
(Simshauser, 2022; Fawcett et al., 2024). In emerging and developing contexts, affordability policies must also
be aligned with transition trajectories, because fuel price shocks interact with electrification and renewable
uptake, creating trade-offs between short-run protection and long-run cost curves that condition labour outcomes
(Nchofoung, 2024). Distributional tools can be sequenced with indexation-design adjustments to damp second-
round effects while safeguarding low-income workers’ real wages, thereby limiting unemployment that would
otherwise arise from sharp nominal rigidities (Kilian & Zhou, 2023).
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Broader external-balance evidence implies that the fiscal and exchange-rate space available for household support
depends on energy dependency, economic structure, and renewable development, reinforcing the importance of
targeting and cost-effectiveness in package design (Nashi & Ouakil, 2025). This matters because programmes
that appear affordable in partial-equilibrium terms may become fragile if external financing tightens as energy
bills rise. In addition, recent global policy synthesis emphasizes that employment-responsive interventions
require credible diagnostics and evaluability—particularly under time pressure—because implementability and
institutional capacity shape whether intended benefits are realized (International Labour Organization, 2025).
The overarching implication is that household-side instruments protect employment not by directly subsidizing
jobs but by stabilizing labour supply and local demand in segments where energy burdens would otherwise trigger
reduced hours, job-search withdrawal, or small-business closures. For package evaluation, this translates into
placing substantial weight on targeting accuracy, time-to-impact, and administrative feasibility alongside fiscal

cost.

The third instrument family is firm-centric and focuses on reducing exposure rather than only treating symptoms.
By lowering marginal energy costs and smoothing volatility, these measures reduce pressure to cut hours or
headcount and can sustain vacancies and training even under cost stress. Evidence on industrial energy audits,
digital-twin applications, and focused retrofits in motors, thermal systems, and process heat consistently
highlights low-cost efficiency improvements that stabilize operating costs, support operational uptime, and
reduce the need for rapid payroll contraction (Patterson et al., 2022; Errigo et al., 2022; Kapp et al., 2022; Yu et
al., 2022). These effects can be amplified at the meso level: industrial upgrading and coordination can lift energy
efficiency and shift employment toward less shock-sensitive activities, but the gains are realized only if skills and
matching policies keep pace and if reallocation frictions are addressed (Xue et al., 2022; Lankhuizen et al., 2023).
The welfare and employment benefits of exposure-reducing investments are typically more durable than
temporary subsidies, but they require longer lead times and higher administrative capacity, which is crucial in

resource-constrained settings.

Recent work further suggests that volatility processes and external transmission strengthen the rationale for
exposure reduction and hedging-compatible strategies. End-use efficiency improvements can make demand less
sensitive to oil-related shocks, moderating volatility and supporting more stable employment through smoother
input costs (Usman et al., 2025). Equity-market evidence indicates that new-energy sectors respond differently
to oil shocks than traditional energy industries, implying divergent investment and hiring paths and reinforcing
the value of transition-consistent support for exposed firms (Zhou & Geng, 2021). Volatility in carbon and
energy-related price systems is shaped by climate policy shocks, fossil-fuel shocks, renewable-energy shocks,
and economic policy uncertainty, and these dynamics can shift over time (Wang et al., 2025; Wang et al., 2025;
Shang et al., 2025). International price transmission evidence, including recent work on methanol price
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leadership, indicates that energy-linked input prices can be influenced by external drivers beyond domestic
control, strengthening the case for strategies that reduce exposure at the source and can be complemented by risk-

management tools (Li et al., 2026).

Taken together, these three policy families imply that no single measure is sufficient. Retention tools can deliver
fast employment protection by preserving matches, but they are most effective when accompanied by household-
side measures that stabilize local demand and firm-side measures that reduce exposure and improve resilience.
The Global Employment Policy Review 2025 underscores that employment-responsive policy choices must also
be diagnosable, evaluable, and implementable, since administrative reality shapes effectiveness (International
Labour Organization, 2025). For this reason, the present study treats the decision problem as selecting and
sequencing feasible packages under Tiirkiye’s fiscal and administrative constraints, and evaluates them jointly
on speed, fiscal cost, feasibility, targeting accuracy, and durability (RQ1). It then tests how rankings change when
weights shift between entropy-based and equal-weight schemes (RQ2), examines concordance across SAW and
ARAS and the criteria that drive differences (RQ3), and derives sequencing guidance that moves from rapid
stabilizers to longer-horizon exposure reduction (RQ4)..

Multi-Criteria Decision Methods in Public Policy

Multi-criteria decision methods (MCDM) provide a transparent way to synthesize heterogeneous policy
objectives—such as fiscal cost, timeliness, targeting accuracy, and administrative feasibility—into coherent
rankings or utility scores that can guide public choices under constraint. This is especially valuable in public
policy settings where trade-offs must be defended with clear, auditable logic rather than opaque optimization.
Within the value-measurement family, two techniques are commonly highlighted for applications with a compact
set of alternatives and clearly defined benefit/cost directions: the Weighted Sum Model (WSM/SAW) and the
Additive Ratio Assessment (ARAS). SAW aggregates normalized criterion scores using explicit weights and has
been extended to settings with partial preference information, where decision makers provide incomplete or
interval weights without losing consistency (Kaddani et al., 2017). ARAS expresses each alternative’s
performance relative to a reference (often interpreted as an “ideal” or benchmark solution), which improves

interpretability in statutory or target-driven programs (Zavadskas & Turskis, 2010; Chakraborty et al., 2023).

A key methodological issue in any SAW/ARAS evaluation is that normalization and weighting choices can
materially influence rankings, making transparency and robustness essential in policy contexts. For this reason,
entropy-based objective weighting is frequently paired with SAW/ARAS to mitigate subjectivity and reflect the
informational contribution of each criterion to cross-alternative discrimination (Izgiiden et al., 2022; Gezen Ucar,
2024). Recent work reinforces the importance of these design choices: Roszkowska (2026) shows that
normalization and entropy weighting interact with data structure and can affect ranking stability, strengthening

the case for explicitly documenting preprocessing decisions and testing sensitivity where stakes are high. In the
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same spirit, newer methodological contributions examine normalization performance specifically within ARAS
across industrial applications, indicating that different normalization rules can yield systematically different rank
outcomes and should be treated as a substantive modeling choice rather than a mechanical step (Kumari &
Acherjee, 2025). These insights motivate robustness checks such as comparing entropy weights against equal

weights and verifying concordance across methods when policy conclusions must be credible and defensible.

This value-measurement architecture contrasts with outranking or distance-to-ideal families—such as
PROMETHEE or TOPSIS—which remain valuable but often require additional calibration parameters or
stronger compensatory assumptions that are not always necessary for compact policy sets (Behzadian et al., 2010;
Behzadian et al., 2012). In fast-moving decision environments, decision makers may prefer methods that
decompose results into criterion contributions and allow rapid “what-if” interpretation, especially when
implementation capacity and time-to-impact are central. Where linguistic imprecision is unavoidable—common
in stakeholder panels—fuzzy extensions of SAW/ARAS/VIKOR under Fermatean or hesitant fuzzy sets provide
structured ways to accommodate ambiguity and hesitation while preserving tractable aggregation and auditability
(Gll, 2021). Recent applications continue to demonstrate this direction: a hesitant fuzzy approach has been used
to rank renewable energy technologies aligned with sustainability goals in Turkiye, illustrating how uncertainty-
aware scoring can be combined with interpretable ranking logic (Giiler, Mukul, & Konyalioglu, 2025).
Collectively, these strands support a pragmatic toolkit in which SAW and ARAS serve as first-line, interpretable
instruments that can be enhanced by entropy weighting and, where needed, fuzzy representations of expert input.

Energy and climate policy has increasingly become a natural arena for MCDM because decisions are rarely
governed by a single objective. Economic viability, technical performance, social acceptability, and security
concerns must often be evaluated jointly, and these dimensions cannot be collapsed into a single indicator without
losing critical information. Reviews in the energy-policy domain indicate that MCDM is routinely used to
structure trade-offs in generation portfolios, demand-side measures, and regulatory alternatives, with emphasis
on selecting problem-appropriate criteria and making normalization and weighting explicit (Kaya et al., 2018). A
newer line of work brings MCDM into dynamic contexts by allowing indicators such as supply security, price
risk, or vulnerability to evolve over time, enabling rankings to adjust as conditions change (Ziemba, 2022). This
dynamic perspective is particularly relevant in volatile energy environments, where decision priorities can shift

quickly from near-term stabilization toward longer-term exposure reduction.

At the level of technologies, projects, or regional programs, fuzzy and hybrid MCDM approaches are increasingly
used to compare options under sustainability criteria, allowing ecological, economic, and social performance to
be integrated even when measured on different scales (Saraswat & Digalwar, 2021). Related applications use
fuzzy MCDA to build multidimensional indices of energy poverty, converting complex deprivation patterns into

composite measures that can guide targeting and monitoring in developing-country contexts (Shieh & Shah,
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2025). Case studies for Turkiye also demonstrate that entropy-based weighting within MCDM can assess national
energy policy effectiveness with transparent rankings and sensitivity tests under alternative weighting and
normalization schemes (Gezen Ucar, 2024). Recent LCA-integrated SAW work further shows how life-cycle
environmental impacts can be combined with multi-criteria scoring to rank renewable electricity and hydrogen
production scenarios, demonstrating SAW’s flexibility when decision makers must jointly consider economic,
technical, and sustainability dimensions (Jahangiri, 2025). Taken together, these contributions imply that when
public decisions involve a limited set of alternatives and mixed-scale indicators, SAW or ARAS with objective
weighting provides a robust and communicable baseline, and fuzzy/hybrid extensions can be introduced when

uncertainty is material.

A practical strength of SAW/ARAS is their portability across decision domains, demonstrated in both mission-
critical and routine allocation problems. Studies on facility siting, service-mix choice, and comparable allocation
settings show that ARAS yields stable, explainable utility scores even when criteria include qualitative judgments,
while SAW provides a baseline against which alternative methods can be bench-tested (Sihombing et al., 2021;
Meidelfi et al., 2022). In public health and social sectors with wide cross-country heterogeneity, entropy-based
SAW/ARAS has ranked OECD health indicators and equipment adequacy, illustrating how objective weights
can reduce scale effects while enhancing discrimination (izgiiden et al., 2022). For energy and employment policy
packages, this portability is consequential because packages mix fast-acting relief with slower structural
measures; SAW/ARAS can encode time-to-impact, fiscal cost per unit outcome, feasibility, targeting accuracy,
and durability side-by-side, while sensitivity checks document how rankings respond to plausible shifts in
priorities (Zavadskas & Turskis, 2010; Chakraborty et al., 2023; Roszkowska, 2026). When preference
information is incomplete—common in public deliberation—partial-preference SAW formulations allow
decision makers to proceed without forcing unjustified precision in weights, preserving legitimacy while
maintaining computational simplicity (Kaddani et al., 2017). In sum, accumulated evidence across energy, social,
and administrative applications substantiates a SAW-ARAS core—optionally enhanced with entropy weighting,
robustness checks for normalization, dynamic updating, and fuzzy logic—as a rigorous yet accessible foundation

for public policy prioritization.
METHODOLOGY

In methodological terms, the study adopts a decision-oriented, expert-informed multi-criteria research design to prioritize
feasible employment-protection policy packages for Turkiye under energy-price volatility. The decision matrix was
populated through a structured elicitation of seven domain experts spanning labour economics, energy/industry policy,
public finance/implementation, and SME/export finance. Experts were selected using purposive criteria intended to reduce
subjectivity: (i) demonstrated professional or research expertise in at least one of the study’s decision domains (labour

market policy, energy pricing/industry exposure, public budgeting, or program delivery), (ii) direct familiarity with Turkish
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policy “rails” and implementation constraints, and (iii) coverage diversity so that no single discipline dominates the matrix.
To limit bias, the panel was balanced across analytical and delivery perspectives (policy design versus implementation),
and experts provided assessments independently using common definitions, scoring anchors, and criterion descriptions to
ensure comparability across responses. The elicitation instrument incorporated criterion calibration, alternative-by-criterion
scoring with point estimates accompanied by uncertainty ranges, and short face-validity prompts to support internal

consistency checks in scoring patterns before expert medians were used as central inputs for the SAW-ARAS evaluation.

Decision Problem & Alternatives

This study prioritizes seven policy packages for safeguarding employment under energy stress in Tlrkiye. The
decision problem is to rank these packages—each combining instruments that act on different transmission
channels (job retention and liquidity, structural exposure reduction, and macro—meso stabilization)—under a
common evaluation grid in later sections (SAW and ARAS with equal/entropy weights). By treating packages
rather than single tools, we acknowledge the multi-channel nature of energy shocks and the implementation
realities of sequencing measures across acute and recovery phases. The table defines the complete alternative
set to be ranked; each entry is accompanied by indicative sources that document design choices and employment-
relevant mechanisms aligned with our criteria (expected unemployment reduction, time-to-impact,

implementation complexity, fiscal cost per job averted, targeting accuracy, and persistence).

Table 1. Policy Packages Evaluated for Employment Protection under Energy Price Shocks in Tirkiye

Policy package .
Code (alternative) Purpose / employment logic Source
Preserves firm—worker matches and .
. . household liquidity during acute price Osgna & Garcia
Targeted energy-bill relief + L . Pérez (2022);
A . spikes; lowers separations and supports . )
Short-Time Work local demand when targeting and uptake Simshauser (2022),
geting P Fawcett et al. (2024)
are well designed.
Reduces firms’ marginal energy costs Patterson et al.
Industrial efficiency arants + and volatility; moderates layoff (2022); Errigo, Choi
B X Iclency g incentives and eases skill mismatches & Kissock (2022);
Rapid reskilling vouchers . - . .
that impede reallocation, especially Lankhuizen et al.
among SMEs and manufacturing plants. (2023)
Delivers durable bill reductions and
Heat-oump & buildin resilience; creates installation jobs with Jové-Llopis et al.
C -al-pump aing longer horizons, trading speed for (2025); Zhou, Katris
retrofit (SME & low-income) - .
persistence and improved energy- & Turner (n.d.)
poverty outcomes.
Stabilizes orders and cash flow in
Export support & FX risk tradables exposed to energy input Nguyen et al. (2024);
D hedge for energy-intensive shocks and exchange-rate risk, limiting  Cardinale, Cardinale
SMEs employment whiplash in tightly priced & Zupic (2024)
sectors.
Indexation thresholds + Moderates second-round wage—price K|I.|an & Zhou_
- . . . ; (2023); Jové-Llopis et
E Social tariff + Debt effects while protecting real incomes of _
. . S al. (2025); Barrella et
restructuring vulnerable workers; relaxes liquidity al. (2021)
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constraints that would otherwise
suppress labour supply.

. Provides countercyclical local fiscal
Top-ups to intergovernmental

E transfers for municipal support to sustain service employment Giertz & Kumar
. P and avoid layoffs when revenues fall (2024)
services - .
during energy-induced slowdowns.
Supports demand and accelerates
Public investment & public transition activities, mitigating . .
G jobs programs (green-jobs hysteresis by maintaining attachment Gasperl?zcg;% idelsky
focus) and creating complementary

employment in exposed regions.
Source: Author’s own compilation based on selected literature.

All seven packages (A—G) will be assessed on the shared criteria set in a single decision matrix (rows =
alternatives; columns = criteria). We will apply benefit/cost-aware min—max normalization and
compute SAW and ARAS scores under equal and entropy weights, followed by sensitivity (x20% weight
perturbations) and stability checks (quartile transitions; Kendall’s 1 across methods). This design enables
decision-makers to contrast fast-acting retention/liquidity  shields (A, E), durable exposure-reduction
measures (B, C), and macro—meso stabilizers (D, F, G) within one auditable framework, and to derive sequencing
guidance consistent with fiscal capacity, administrative readiness, and policy priorities.

Criteria & Measurement

We evaluate each policy package against six criteria that capture both what employment benefit is delivered
and howquickly, feasibly, accurately, and durably it is achieved. The criteria are defined so that they map onto
observable constructs used in recent Turkish and international evaluations, allowing us to populate the decision
matrix with defensible inputs and to normalize them transparently for SAW and ARAS. First, C1 (expected
unemployment reduction) measures the magnitude of jobs preserved or created relative to a counterfactual; it is
motivated by evidence that job-retention tools such as short-time work (STW) materially cushioned separations
in Turkey’s COVID-19 episode and in earlier crises abroad. Second, C2 (time-to-impact) recognizes that
measures differ starkly in activation speed—STW programs operate almost as automatic stabilizers, whereas
capital-heavy retrofits require planning and procurement cycles. Third, C3 (implementation complexity) captures
the administrative and technical frictions that can delay or degrade delivery; large-scale retrofit or urban resilience
agendas illustrate the multiplicity of agencies, financing, and verification steps involved. Fourth, C4 (fiscal cost
per job averted) expresses cost-effectiveness in currency per job, drawing on program expenditure and
employment effects; international STW benchmarks are instructive where Turkish microdata are still
consolidating. Fifth, C5 (targeting accuracy) rewards designs that reach the intended high-exposure firms and
vulnerable households with minimal leakage; international guidance warns that broad, untargeted energy

subsidies systematically tilt benefits toward higher-income groups. Finally, C6
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(persistence/durability) distinguishes one-off relief from structural exposure-reduction that continues to support
employment well beyond the initial outlay, as highlighted in Turkiye-specific green-transition modeling. Each

criterion’s direction (benefit or cost), unit, and scoring anchors are specified below, and every entry is paired with

recent sources that we will use to justify rubrics and populate baseline values.

Table 2. Evaluation Criteria, Measurement Scales, and Data Anchors

Code Criterion Direction Measurement & unit Scoring anchor (0-100)
(operational)
. Raw—norm by max
Reduction in across alternatives; or
Expected unemployment (pp) or . _
. ) direct anchors:
C1l unemployment Benefit jobs preserved/created e N
d . ~negligible, 50=~0.5
reduction vs baseline over L2 0
. . pp/medium jobs, 100=>1
policy window. .
pp/large jobs.
authgfizgt?snfignlzsv 100=<I mo (immediatc),
C2 Time-to-impact Cost ==27% 75223 mo, 50=4-6 mo,
of steady-state _ _
25=7-12 mo, 0=>12 mo.
employment effect.
Composite of delivery
e 100=very low (turn-key),
Implementation steps, data/ve_rlflcatlon 50=moderate, O=very
C3 comolexi Cost burden, multi-agency high (custom
Py coordination (or FTE en ineerign /procurement)
per TRY disbursed). g gp '
_Net public outlay per Raw—snorm (lower is
. . job preserved/created : .
ca Fiscal cost per job Cost (TRY per job; b_etter_), conte_xtuallze
averted . N against international STW
discounted if multi-
benchmarks.
year).
Share of benefits
reachmg intended 0=poor (broad leakage),
nigh- 50=adequate (~0.6
C5 Targeting accuracy Benefit exposure/vulnerable cequate .
recipients; can use precision/recall),
precision/recall or F1- 100=high (20.85).
style index.
Fraction of initial e 0
Persistence / employment/bill-relief O—tran5|_ent (<25% at 12
o . - m), 50=~50% at 18 m,
C6 durability (12-24 Benefit effect persisting at

m+)

12-24 m, or impact
half-life.

100=>75% at 24 m (or
structural).

Source: Author’s own methodological design based on the MCDM literature.

These design choices have direct implications for data assembly and normalization in the decision matrix. For C1,

we will extract employment effects from Turkish administrative releases and program notes where available,

triangulated with OECD survey diagnostics that document the buffering role of short-time work in 2020-2021;

where program microdata are incomplete, we will anchor scores to published elasticities and realized uptake to

avoid overstating benefits. For C2, we will assign initial values using observed activation lags: STW-type
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measures score near the top given demonstrated “immediate payoffs,” whereas building retrofits (or industrial
process upgrades) receive lower scores reflecting procurement and permitting lead times typical in Tiirkiye’s
resilience and energy-efficiency programs. For C3, we will deploy a structured checklist (agencies involved,
verification frequency, IT systems, procurement complexity) and cross-check against the retrofit program
evidence showing the scale and multi-stakeholder challenges implied by ~6.7 million at-risk units, which justifies
a conservative (higher-cost) orientation for complex structural measures. For C4, we will compute TRY per job
using budget program lines and employment effects; where domestic series are missing, we will calibrate against
OECD STW cost-per-job orders of magnitude and then re-scale in robustness checks. For C5, we will measure
precision/recall using eligibility filters (e.g., smart-meter or consumption data, firm energy-intensity registries)
and penalize broad schemes consistent with World Bank evidence that untargeted energy subsidies
disproportionately benefit higher-income groups. For C6, we will estimate persistence using follow-up program
tracking and, for structural packages, rely on Tuirkiye-specific UNDP-ILO scenarios showing durable job
creation from green investments; in sensitivity analysis we will down-weight assumed persistence to ensure
rankings are not driven by optimistic tails. Together, these criteria and source-backed rubrics allow us to
transform heterogeneous evidence into normalized, auditable scores for SAW and ARAS, preserving
the benefit/cost direction (C1, C5, C6 as benefits; C2, C3, C4 as costs) so that higher post-normalization values

consistently indicate better performance.

Normalization
Heterogeneous raw indicators are converted to unit-free scores on [0,1] so that all criteria become comparable

and "higher = better" for aggregation in SAW and for utility construction in ARAS. Let x;; denote the raw value
of criterion j for alternative i, and let min; = min;x;; and max; = max;x;; be computed across all alternatives.

Benefit/cost-aware min-max normalization is applied as

Xjj—min; max;—Xxij

(benefit) x;; = , (cost) x;; = (1)

maxj—mlnj maxj—mlnj

By construction, x; ; € [0,1]; the best observed performance on criterion j maps to 1 and the worst to 0, ensuring

directional consistency across criteria and preventing distortions from mixed units (e.g., TRY/job, months,

percentages).

The baseline specification employs sample-based anchors min;, max; to maximize discrimination across the

current alternative set. Where credible external bounds are available (e.g., a practical lower limit of one month

for time-to-impact or historically verified floors for cost-per-job), policy anchors ( L;, U; ) may replace sample
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minima and maxima; the same formulas hold with min; « L; and max; < U;. This anchored variant improves
comparability when the menu of alternatives changes and mitigates rank inflation from isolated extremes.
Degenerate ranges and outliers are treated explicitly. If max; = min;, the denominator vanishes and the criterion
provides no discrimination. In such cases, x;; may be set to 1 for benefit criteria (all alternatives tie at the best
observed level) and to O for cost criteria (all tie at the worst), or the criterion may be excluded from aggregation
and documented accordingly. To limit undue influence of extremes, tails may be winsorized (e.g., at the 5th-95th

percentile) before computing min;, max;, with a parallel sensitivity run reported to demonstrate robustness.

Inputs may arrive as raw measures (e.g., months for C2, TRY per job for C4, percentage-point unemployment
effects for C 1) or as direct 0 — 100 rubric scores where microdata are incomplete (e.g., complexity checklists

for C3 or precision/recall composites for C5). Rubric scores are first scaled linearly to [0,1] via x;; =
score;; /100. When mixed evidence occurs within the same criterion, values are converted to a common

underlying construct (for example, mapping qualitative targeting assessments and measured precision/recall to

an F1 index) prior to normalization to avoid metric asymmetry.

Skewness is addressed with monotonic transformations applied before min-max when appropriate. Highly right-
skewed cost variables (such as C4) may be log-transformed, while moderate skewness can be reduced with
square-root transforms. Because such transforms are order-preserving, within-criterion rankings remain
unchanged while tails are compressed, improving cross-criterion stability in subsequent aggregation. All
transformations, thresholds, and parameters are pre-specified and archived for auditability. Missing or uncertain
values are handled by a hierarchical procedure. Administrative or published estimates are matched where
possible; otherwise, imputation from close analogs within the same instrument family is conducted with
uncertainty intervals recorded. If unresolved, conservative placeholders are assigned-lower-bound values for
benefit criteria and upper-bound values for cost criteria-followed by parallel analyses on complete-case and
imputed matrices to verify that rankings are not artifacts of imputation. Suppose C2 (months; cost) across seven
alternatives takes {1,2,3,6,8,9,12}. For an option with x;; = 2, the normalized score is x;; = (12 — 2)/(12 —
1) =10/11 = 0.91, indicating fast time-to-impact. For a benefit criterion such as C 1 with values
{0.2,0.4,0.5,0.8,0.9,1.0,1.2} percentage points, an option at 0.8 yields x;; = (0.8 —0.2)/(1.2 — 0.2) = 0.6,
placing it above the median. These x; ; values enter SAW and ARAS without further rescaling, preserving a
uniform "higher is better" interpretation across all criteria and alternatives. Comprehensive logs store raw vectors,
any transformations, the anchors used, and the resulting normalized arrays, enabling full reproducibility of the

normalization stage.
Weights

To limit reliance on subjective judgment, criterion weights are not determined solely by expert preference.
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Instead, the study applies two complementary weighting schemes: (i) entropy-based weights as the primary, data-
driven specification that reflects the dispersion of normalized criterion values across alternatives, and (ii) an
equal-weight baseline that provides a parsimonious benchmark. Rankings are then compared across these

schemes to assess whether results remain stable under plausible shifts in weighting assumptions.
Primary (entropy; objective, data-driven).

Entropy weights exploit the observed discriminatory power of each criterion across alternatives. Starting from
the normalized decision matrix X" = {x/;} with x;; € [0,1] (rows = alternatives i = 1, ..., m; columns = criteria

j=1,..,n), column-wise proportions are computed as

!

pij = U with the convention pi; = 0ifxj; = 0. (2)

i=1%ij

To avoid indeterminacy at p;; = 0, a small & (e.g., 107'? ) may be added before log operations. The entropy of

criterion j is then
1
e; = —k Xiz; pijIn (pij)’ ke = In (m)’ &

yielding e; € [0,1] under the chosen k. Lower e; indicates greater concentration/differentiation (i.e., stronger

ability to separate alternatives). The degree of diversification is

and the entropy weight for criterion j is
d.
Wit = S (5)

Thus, criteria that exhibit wider spread (higher information content) receive larger weights. If a column is non-
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discriminatory (all x;; identical), then e; - 1,d; — 0, and the implied weight approaches zero; such cases may
be flagged for exclusion or retained with an explicit note that they contribute no influence under entropy
weighting.

Baseline / robustness (equal weights).

A neutrality benchmark is provided by

wE =21 yj, (6)

which facilitates comparability across studies, supports policy communication when differential weights are

contentious, and serves as an anchor for sensitivity analysis.
Practical safeguards and edge cases.

1 Zero columns and sparsity. When ¥, x;; = 0, proportions are undefined; the criterion is recorded as non-
informative in the current portfolio and assigned wN™ = 0 (with an audit trail).

!

2 Scale sensitivity. Because entropy is computed on the normalized x;;, scale heterogeneity is already

removed; any pre-specified monotonic transforms (e.g., log on skewed costs) must be applied before

normalization to ensure consistent information measurement.

3 Redundancy checks. High collinearity between criteria can overstate effective influence when both
receive sizable d;. A light-touch diagnostic (pairwise Spearman correlations or a PCA scree check) may be
reported in the appendix; if redundancy is material, a merged or de-emphasized specification can be added as a

robustness scenario.

Weight robustness is examined along three axes: (i) scheme sensitivity (entropy vs equal), (ii) local perturbations
( £20% one-at-a-time shocks to w; with re-normalization of the remainder), and (iii) global scenarios (e.g.,
emphasis on speed by boosting C2's inverse, or on fiscal efficiency by boosting C4's inverse). Stability is

summarized using changes in rank positions, quartile migration counts, and Kendall's T between rankings.

SAW (Weighted Sum Model)

The Simple/Weighted Sum Model (SAW/WSM) aggregates criterion-wise performances into a single utility
score by a convex combination of normalized values, a formulation widely used in public-policy evaluation and
decision analysis (see the weighted-sum foundations and partial-preference extensions in Kaddani et al., 2017,

applications with SAW in policy/indicator assessments such as Izgiiden et al., 2022). Let X' = {xl’ j} denote the

benefit/cost-aware min-max normalized decision matrix (i = 1, ..., m alternatives; j = 1, ..., n criteria), and let
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w= {wj};lzl be a non-negative weight vector with 7_;w; = 1 (entropy-based in the primary specification;
equal-weights for baseline/robustness).

Aggregate score and ranking.

For each alternative i,

S = Z?:l ij{j, i=1,...m (7)

with ranking in descending order of S;. Ties may be broken lexicographically by (i) the larger count of criterion-
wise top quartile placements, then (ii) the larger maximum component max; (wjx{j), preserving the SAW

dominance intuition.
Criterion contributions (decomposition).

The additive structure allows attribution of each alternative's score to criteria:

— n !
Si = Xj=1 W;X;; - (8)
head ~————
total criterion j contribution

For interpretability across alternatives, share contributions can be reported as

’
Wix;
J7ij
)y Si>0'
T[ij = Si

0, S, =0,

so that 7., my; = 1. 9)

For the top-ranked packages, {Si:ni j}n L are presented to show which criteria drive performance (e.g., whether

rank leadership stems from speed C2, fiscal efficiency C4, or durability C6 ).

Let X; = (xi1, ..., xin) and w = (wy, ..., w,,). The SAW score is the inner product S; = (w, X;). Because x;; €
[0,1] and }};w; = 1, scores satisfy S; € [0,1]. Any strictly increasing, order-preserving transformation applied
prior to normalization (e.g., log on skewed costs) does not affect ordinal relations after normalization, preserving
SAW's interpretability. With entropy weights, criteria exhibiting greater cross-alternative discrimination receive
larger w;, emphasizing information-rich dimensions in S; (Kaddani et al., 2017). With equal weights, w; = 1/n,

the score reduces to a simple arithmetic mean of normalized performances, providing a neutrality baseline often
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used in indicator frameworks (Izgiiden et al., 2022). For transparency, the SAW table for alternatives i includes:
S;, rank, and {wjx{j};l_l (or {m;;} ) for the top packages, enabling direct inspection of the drivers of superiority
and facilitating policy communication about trade-offs.

ARAS (Additive Ratio Assessment)
The Additive Ratio Assessment method aggregates performances relative to an explicitly constructed ideal

(reference) alternative, converting heterogeneous indicators into ratio-normalized values before weighted
summation and utility scaling (Zavadskas & Turskis, 2010; Chakraborty, Chatterjee, & Das, 2023). Let X = {xi j}
denote the raw decision matrix ( i = 1, ..., m alternatives; j = 1, ..., n criteria). For each criterion j, an ideal

reference a,; is defined component-wise:

maxx;;, benefit criterion,
o, ={ l (10)

minx;;, cost criterion.
l

An extended matrix is then formed by adding the referencerow i = 0: A = {aij} with a;; = x;; fori = 1 and

ay; as above.

ARAS normalization. Normalized entries d;; are obtained by ratio normalization that respects benefit/cost

direction:

a. j . .
s 4 o benefit criterion,
~ r=0 %rj . ]
ajj = ai_jl o i =0, ., m; ] = 1,..,n, (11)
———7, Ccost criterion,
r=0 “rj

with a small ¢ added where needed to avoid division by zero for nonpositive or null entries. This transformation

yields }}i”d;; = 1 for each j and ensures monotonicity with respect to the original preference direction.

Weighted utility scores and scaling. Using the same weight vector w = {wj} asin SAW (entropybased as primary;

equal as baseline), the additive utility for each row is

Si = Z;'l:l Wde, i = 0, e, m (12)
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The degree of utility (relative performance) for each alternative is then computed against the reference row:
Ki=2,0<K<1i=1.,m (13)
0

and ranking is obtained in descending order of K;. Ties may be resolved by comparing S; directly and, if

necessary, by the largest component contribution max; (wjdij), preserving the dominance interpretation.

Practical notes and comparability. Ratio normalization attenuates scale effects and automatically aligns units
across criteria; inversion on cost criteria shifts preference in the correct direction without altering within-criterion
order. When extreme outliers are present, prior winsorization (as documented in the normalization stage) can be
retained before constructing a,; to avoid reference inflation. Using identical weights to those employed in SAW
ensures that differences in rankings arise from the aggregation paradigm (additive ratio vs weighted sum),
enabling clean cross-method robustness checks. Reporting should include K; (and S; ) for all alternatives and

criterion-wise weighted components w;d;; for the top packages to make the sources of superiority transparent.
Robustness & Validation

Given that the decision matrix is expert-informed, robustness checks are implemented to ensure that conclusions
are not driven by a single weighting choice or method specification. Robustness is assessed across weights,
methods, and substantive plausibility. First, scheme sensitivity is tested by comparing rankings obtained under
the entropy-basedweight vector and an equal-weight baseline; stability is summarized by the share of alternatives
whose ranks remain within £1 position and by the overlap of the top-k sets (e.g., k = 3). Second, weight
sensitivity is examined using one-at-a-time (OAT) perturbations around the baseline weight vector. For each

criterion j, the baseline weight w; is shifted by +20% and —20% (w;* = w;(1 % 0.20)), the remaining weights
are proportionally re-scaled to preserve Z w; =1, and SAW/ARAS scores and ranks are recomputed.
J

Sensitivity is then evaluated using the distribution of rank changes Ar; across alternatives, counts of quartile
migrations (e.g., top-tier to mid-tier), and lead reversals (changes in the top-ranked option). Third, method
robustness is evaluated by reporting rank concordance across SAW and ARAS using rank-change metrics and
concordance statistics (e.g., Kendall’s 7), providing a transparent check on whether conclusions persist across

two auditable aggregation rules.

Method dependence is evaluated by comparing SAW and ARAS outcomes under identical weights and

normalized inputs. Ordinal agreement is summarized using Kendall's = for the pair of rank lists 75AW and wARAS
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=P (14)

where C and D denote counts of concordant and discordant alternative pairs among the m options. Values near 1
indicate near-identical orderings, values near O indicate weak association, and negative values indicate systematic
disagreement. Confidence intervals for t are obtained via nonparametric bootstrap over criteria (resampling

columns with replacement) to reflect uncertainty in both normalization and weighting.

Face validity is checked through short vignettes that benchmark the top, middle, and bottom packages against
well-documented policy narratives and operational constraints. Each vignette connects the package's dominant

contribution pattern (e.g., high w;x;; on C 2 and C 4 ) to known program characteristics: rapid-deployment

retention schemes should plausibly dominate on time-to-impact and cost per job, while capital-intensive retrofits
should score higher on persistence but lower on speed and complexity. Packages whose rank is driven by a single
criterion are scrutinized for over-reliance on that dimension; if a small weight shift or a modest change in
normalization reverses their standing, the interpretation emphasizes conditionality rather than unconditional

superiority.

Key limitations are acknowledged explicitly. First, the exercise is cross-sectional: scores reflect the present
evidence base and do not embed dynamic feedbacks (e.g., learning curves, policy spillovers). Second, the
approach is non-causal: criteria such as expected unemployment reduction synthesize observational and program-
evaluation evidence but do not assert treatment effects; results should be interpreted as decision support rather
than identification. Third, some inputs may rely on rubric-based or imputed values where microdata are
incomplete; parallel runs (Entropy vs Equal; with/without winsorization; with/without imputations) are therefore
critical to demonstrate that principal findings are not artifacts of a single modeling choice. Finally, rank stability
remains portfolio-dependent: adding or removing alternatives can shift min-max anchors and the ARAS
reference, so replication files document anchor choices and provide anchored-bounds variants to facilitate

comparability over time.

FINDINGS
Descriptives

This stage summarizes the descriptive inputs that feed the SAW and ARAS evaluations. A structured
questionnaire was administered to 7 domain experts (labour economics, energy/industry policy, public
finance/implementation, SME/export). The instrument covered: (i) criterion calibration (definitions, units,
acceptable ranges/anchors); (ii) alternative-by-criterion scoring using point estimates with 90% ranges for C1-
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C6; (iii) a policy-view weighting cross-check (rankings and 100-point swing allocations) to compare with
objective entropy weights; and (iv) brief face-validity checks on expected ranking patterns and sensitivity
prompts (e.g., £20% weight shifts, target-precision improvements, procurement delays). Central values below

are the median of each expert’s “best” estimates.

The decision matrix reports benefit-type criteria as increasing with desirability (C1 unemployment reduction, C3
feasibility, C5 targeting accuracy, C6 durability) and cost-type criteria as decreasing with desirability (C2 time-
to-impact, C4 fiscal cost per job). The final rows list criterion ranges (min—max across alternatives) and
the weight vectors used downstream: data-driven Entropy weights (from normalized dispersion) and an Equal-

weight baseline.

Table 3 summarizes the central inputs to the SAW/ARAS evaluation—expert-median scores for each alternative

on C1-C6, observed min—max ranges, and the two weight schemes that will be applied in subsequent analyses.

Table 3. Expert-Based Decision Matrix, Criterion Ranges, and Weight Schemes

C1 Unemp., C2Time (mo, C3Feasibility C4TRY/job C5 Targeting
(Pp, 1 D (0-100, 1) () (0-100, 1)

C6 Durability
@24m (%)

M
A Targeted
bill relief + 0.45 2 78 190,000 70 25
STW
B Efficiency
grants + 0.32 5 60 360,000 70 65
reskilling
C Heat-pump
& retrofits
(SME/low-
income)

D Export
support & FX
hedge (EI-
SMEs)

E Indexation
thresholds +
social tariff +
debt
F Intergov.
transfers
(municipal
services)
G Public
investment &
public jobs
(green)

Ranges (min— 190,000—
max) 0.26-0.45 2-11 45-78 530,000

Weights — 0.191 0.144 0.193 0.140 0.193 0.139
Entropy

Item

0.30 10 45 530,000 88 85

0.35 2 70 220,000 62 48

0.38 2 74 210,000 90 42

0.26 4 68 270,000 58 45

0.28 11 45 480,000 66 78

58-90 25-85
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Weights —

0.1667 0.1667 0.1667 0.1667 0.1667 0.1667
Equal

Source: Author’s own calculations based on expert elicitation (n = 7).

Proceeding to the SAW evaluation, the matrix will first be transformed using benefit/cost-aware min-max
normalization, after which the Entropy and Equal weight vectors will be applied to compute each package's
weighted sum score S; = ¥;w;x;; and an ordinal ranking (descending). Results will be presented alongside
criterion contribution profiles w;x;; to make the drivers of performance transparent-e.g., whether a top rank
reflects superior time-to-impact (C2), cost per job (C4), or targeting (C5). Rank stability will be checked against
the Equal-weight baseline and via +20% one-at-atime weight perturbations; any ties will be broken by the highest
single-criterion contribution and then by the sum over benefit criteria. A short narrative will interpret the leading,
middle, and trailing packages in light of known policy trade-offs (speed vs durability vs fiscal efficiency) before

moving to the ARAS crosscheck.

SAW Results

Using the expert-median decision matrix from 4.1, values were min-max normalized with benefit/cost awareness
(C1, C3, C5, C6 as benefits; C2, C4 as costs). Two weight schemes were applied: Entropy (
0.191,0.144,0.193,0.140,0.193,0.139 ) and Equal ( 1/6 each). The SAW score for each alternative is S; =

Table 4. SAW Rankings of Policy Packages under Entropy and Equal Weights
Alt SAW (Entropy) Rank SAW (Equal) Rank
E Indexation
thresholds + social 0.798 1 0.789 1
tariff + debt
A Targeted bill relief
+ STW 0.740 2 0.729 2
D Export support &
EX hedge 0.586 3 0.609 3
B Efficiency grants + 0.479 4 0.496 4
reskilling
F Intergov. _transfers 0.400 5 0.429 5
(municipal)
C Heat-pump & 0.376 6 0.377 6
retrofits
G Public investment
& public jobs 0.212 7 0.231 7

Under both weighting schemes, the SAW ordering is stable: E ranks first, followed by A, with D in third place
and B—F-C-G trailing in that order. Option E leads because its strong targeting accuracy, high administrative
feasibility, quick time-to-impact, and favorable cost per job together outweigh only moderate unemployment
effects and limited durability. Option A remains a close second, propelled by near-ideal performance on
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unemployment impact, speed, feasibility, and cost, but it is held back by weaker targeting and very low
persistence. Option D secures third due to a combination of fast rollout via financial rails, solid feasibility, and
competitive cost per job, even though its targeting and long-run durability are middling. In
contrast, C and G perform poorly in SAW because their slower deployment and higher fiscal cost per job
dominate the gains from superior durability, while B and F sit mid-table with balanced—yet not outstanding—
profiles across criteria.

ARAS Results

Using the ARAS procedure, benefit criteria (C1, C3, C5, C6) were normalized by column sums, while cost criteria
(C2, C4) were inverted and then normalized by the sum of inverses. The reference (ideal) vector A, was formed
by the column-wise maxima of the normalized matrix a, = (0.1923, 0.2335,0.1773,0.2103, 0.1786, 0.2191).

Weighted sums S; = w;%;; and utility degrees K; = S;/S, were computed under Entropy and Equal weights.

Table 5. ARAS Utility Scores and Rankings of Policy Packages

Alt S; (Entropy) K; (Entropy) Rank S; (Equal) K; (Equal) Rank
E Indexation
thresholds +
social tariff +
debt
A Targeted bill
relief + STW
D Export
support & FX 0.1593 0.801 3 0.1618 0.801 3
hedge
B Efficiency
grants + 0.1315 0.661 4 0.1307 0.616 4
reskilling
F Intergov.
transfers 0.1269 0.638 5 0.1269 0.629 5
(municipal)
C Heat-pump &
retrofits
G Public
investment & 0.1136 0.571 7 0.1133 0.561 7
public jobs

ARAS confirms the SAW ordering: E first, A second, D third, with B-F-C-G following. Option E’s lead
reflects strong normalized performance on targeting (C5) and feasibility (C3), combined with very favorable time
(C2)and cost per job (C4) after the cost inversions; A is close behind, propelled by C1/C2/C3/C4, but limited
by C6. Packages C and G remain disadvantaged under ARAS because slow rollout and higher fiscal cost reduce

0.1733 0.871 1 0.1735 0.860 1

0.1698 0.853 2 0.1695 0.647 2

0.1257 0.632 6 0.1244 0.616 6

their normalized contributions despite excellent durability. Rank stability across Entropy vs Equal weights

indicates robust preference for E — A — D in this dataset.
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Robustness

In terms of stability across weighting schemes, the rankings produced by both SAW and ARAS are invariant to
the choice between Entropy-derived and Equal weights. In each case, the ordering remainsE - A - D —- B —
F — C — G, with neither ties nor lead reversals. This invariance indicates that the relative performance of the
alternatives is not an artifact of the weight vector but reflects systematic differences in the normalized criterion
profiles. Sensitivity analysis using one-at-a-time +20% perturbations—implemented by adjusting a single
criterion weight and renormalizing the remainder—further corroborates this stability. The top tier is unaffected
in all experiments: Epersistently occupies the first position and A the second. Perturbations generate only limited
within-tier movements. When the feasibility weight (C3) is increased by 20%, F marginally overtakes B,
reflecting F’s relatively strong administrative deliverability; conversely, a 20% increase in the durability weight
(C6) raises C above F, consistent with C’s superior persistence. Equivalent negative shocks yield the symmetric,
inverse adjustments. At no point do these perturbations alter the identity of the leading alternatives or produce
rank reversals among the top three. Concordance between aggregation paradigms is complete. For both the
Entropy-weighted and the Equal-weighted runs, the Kendall’s rank correlation between SAW and ARAS is t =
1.00, indicating perfect ordinal agreement. Taken together, these results suggest that the preference ordering is
robust to plausible variations in weighting structure, to local weight shocks of policy-relevant magnitudes, and to

the choice of multi-criteria aggregation method.
Balancing Immediate Stabilization and Long-Run Resilience

Results reveal a clear frontier between fast, administratively light relief and slower, capital-intensive measures
with durable effects. Packages E (indexation thresholds + social tariff + debt) and A (targeted bill relief +
STW) dominate short-run performance by combining rapid time-to-impact with favorable cost per job and high
feasibility; E gains additional advantage from superior targeting precision. These options preserve employment
quickly and at comparatively low fiscal outlay, but their persistence is limited, implying potential re-activation
costs if energy stress proves recurrent. By contrast, C (retrofits/heat-pumps) and, to a lesser extent, G (public
green jobs/investment) deliver substantially higher durability and stronger energy-exposure reduction, yet they
face longer lead times, greater administrative complexity, and higher TRY/job in the near term. Their payoffs
arise primarily beyond the acute phase—once procurement, contractor capacity, and measurement/verification
settle—making them better suited to a recovery or transition horizon rather than immediate stabilization. Middle-
tier options highlight conditional value. D (export support + FX hedge) performs well on speed and cost for
energy-intensive exporters but depends on verified exposure and external demand; B (efficiency +
reskilling) improves firms’ structural resilience and workforce adaptability with moderate speed and mid-range
costs, becoming more attractive when execution risk for deep retrofits is high. F (intergovernmental

transfers) stabilizes municipal employment but requires formula reforms and guardrails to improve targeting and
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protect service jobs.

Taken together, the evidence supports a sequenced portfolio: deploy E — A to secure immediate employment
stabilization at scale and low unit cost; bridge to B/D where sectoral exposure or reallocation needs are salient;
and phase in C (and selected G) as delivery capacity matures to lock in long-run durability and energy-efficiency
gains. The dominant policy trade-off is therefore between speed and fiscal efficiency today versus persistence
and exposure reduction tomorrow; the recommended balance depends on the expected duration of energy stress

and the strength of procurement/targeting rails in each jurisdiction.
DISCUSSION

The ranking results indicate that the package combining thresholded indexation, a social tariff, and structured
debt restructuring (E) marginally outperforms targeted bill relief with short-time work (A), with export support
and FX hedging for energy-intensive SMEs (D) in third place. This ordering is consistent with Tiirkiye’s current
macro-fiscal and administrative context, where budgetary space is limited, administrative infrastructure for
utilities and social registries is already well developed, and the central policy challenge is to contain
unemployment risk under energy-price volatility without triggering second-round inflation. Package E effectively
turns these constraints into design features: indexation thresholds concentrate support on households and firms
with verified need, social-tariff design dampens pass-through into prices, and structured debt workouts address
cash-flow stress rather than long-term solvency. The required delivery architecture—linkages between social
registries and utilities, periodic recertification, and reconciliation routines—builds directly on existing systems
and can be scaled without fundamental institutional overhauls. Package A performs almost as well because
Turkiye has well-tested rails for retention schemes and wage subsidies through ISKUR and can rapidly deliver
targeted bill credits, which together generate high near-term jobs preserved per lira of fiscal outlay. Nonetheless,
A ranks below E as its effects are less persistent and more vulnerable to mis-targeting when fiscal space is tight.
Package D occupies the third position largely because banking and Eximbank channels allow swift deployment
to tradable sectors exposed to combined energy and FX shocks; however, its performance is more contingent on

robust exposure screening and external demand conditions, which vary substantially across sectors.

Relative to the broader empirical literature on energy shocks and employment, the ranking aligns with evidence
that labour-market adjustment is driven by multiple channels—cost pass-through, liquidity constraints, demand
compression, and uncertainty—whose relative importance differs across firm types and sectors (Kilian & Zhou,
2023; Auclert et al., 2023). Recent European evidence reinforces this channel-based interpretation: higher
electricity costs have been linked to employment reallocation and stronger adverse effects in more exposed and
energy-intensive segments, which is consistent with the centrality of cost exposure and margin compression in
the present scoring logic (Bijnens, Hutchinson, & Saint Guilhem, 2026). Policy-facing and business evidence

similarly points to concentrated employment pressures when energy prices remain persistently high, supporting
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the emphasis on “fast, targeted, fiscally disciplined” measures in the top-ranked packages (Bijnens, Hutchinson,
& Saint Guilhem, 2025; Eurochambres Chief Economists Group, 2025; Eurochambres, 2025). The prominence
of E and A is therefore coherent with the view that, under volatile energy prices, the immediate employment risk
often materializes through cash-flow stress and demand weakness before longer-run structural adjustment is

completed—especially in SMEs and energy-intensive activities.

These patterns are closely aligned with the evidence synthesized in the literature review, but the expanded
comparison clarifies why specific mixes outperform others under Tiirkiye’s constraints. In work on pass-through
and macro distribution, indexation architecture and targeted relief shape the joint evolution of inflation and
employment, implying that well-calibrated targeting can reduce second-round effects while stabilizing labour
demand (Kilian & Zhou, 2023; Auclert et al., 2023). This mechanism helps explain why the E package, which
combines thresholded indexation with a tariff instrument and a liquidity mechanism, tends to dominate single-
channel designs: it simultaneously addresses inflation-risk management, household affordability, and
firm/household cash-flow stress. In studies of targeted tariffs and benefits, leakage is reduced and welfare
incidence improved when tariff structures are combined with metering and registry data (Fawcett et al., 2024;
Barrella et al., 2021; Jové-Llopis et al., 2025; Simshauser, 2022). The strong performance of A is consistent with
evidence on short-time work and retention schemes, which stabilize employment during temporary shocks by
preserving firm—worker matches, even though effects may weaken once the acute phase passes (Osuna & Garcia
Pérez, 2022). On the production side, the slower performance of efficiency-oriented interventions (B and C) is
consistent with findings that industrial efficiency and capital-intensive retrofits yield durable benefits but require
time, procurement capacity, and verification infrastructure (Patterson et al., 2022; Yu et al., 2022; Errigo et al.,
2022). This time-to-impact constraint is also consistent with evidence that energy shocks differ in timing and
persistence and that uncertainty can delay investment and hiring responses, making rapid stabilizers more
valuable in the early phase (Alessandri & Gazzani, 2025; Dokas et al., 2023).

A further implication from the broader empirical literature is heterogeneity by sector, skill composition, and
tradability, which helps interpret why D ranks above capital-intensive retrofit options under acute
constraints. Tradable, energy-intensive SMEs can face a compounded shock when energy prices rise alongside
exchange-rate volatility, tightening credit conditions and weakening external demand; in such settings, liquidity
support and risk management can prevent premature layoffs even if they do not reduce exposure structurally. This
logic is consistent with the evidence that energy-cost shocks generate uneven employment responses and can
induce reallocation, implying that measures targeted to the most exposed segments can yield high near-term job
retention per fiscal unit (Bijnens et al., 2026; Eurochambres Chief Economists Group, 2025). At the same time,
the performance of D is plausibly more state-contingent than E or A, because external demand conditions, firm
balance-sheet health, and the credibility of exposure verification determine whether support prevents layoffs or
InTraders International Trade Academic Journal, Volume 9 Issue 1, 2026
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becomes a windfall. This context dependence explains why D remains third rather than first even when
deployment channels exist, and why the study’s feasibility and targeting criteria are central for interpreting

results.

At the heart of the ranking lies a familiar but sharpened trade-off: rapid unemployment relief with a low short-
run fiscal and administrative footprint versus deeper, longer-term reductions in exposure that are more demanding
to deliver. Packages E and A sit at the “fast response” end of this spectrum. They leverage existing information
systems and programme infrastructures, which allows them to deliver support quickly, at relatively low cost per
job preserved, and with manageable implementation risk. Their weakness is durability: unless they are
periodically renewed, retargeted, or adjusted, their effects taper off. Packages C and, to a lesser degree, G occupy
the opposite end. Once implemented, heat-pump installations and retrofit programmes lock in lasting reductions
in energy bills and generate employment in installation, operations, and maintenance. Yet they reach beneficiaries
more slowly and entail substantial upfront fiscal and administrative costs. The interaction between targeting depth
and implementation burden also emerges clearly. Stricter eligibility—through thresholded indexation, regular
recertification, and tight social-tariff criteria—increases administrative complexity but improves fairness and
reduces leakage. By contrast, looser designs can be rolled out more rapidly, but the risk of windfalls and
misallocation rises. This trade-off mirrors methodological insights in policy evaluation: high interpretability and
fast deployability tend to be associated with simpler instruments, while deeper structural interventions require
stronger measurement-and-verification capacity and longer planning horizons—precisely the tension encoded in

the “time-to-impact” and “feasibility” criteria used here.

Methodologically, the alignment and occasional divergence with prior policy evidence can be interpreted through
the lens of “mechanism coverage.” Packages that score well across criteria are those that cover multiple
transmission channels simultaneously—cash-flow stress, demand stabilization, and inflation containment—
rather than addressing only one. This multi-channel coverage helps reconcile the result that E marginally outranks
A: while both preserve jobs quickly, E directly targets affordability and liquidity while also limiting inflationary
propagation through tariff design and thresholding, which becomes especially relevant in an environment where
second-round risks constrain fiscal space (Kilian & Zhou, 2023; Auclert et al., 2023). In contrast, A is highly
effective when shocks are temporary and administrative uptake is rapid, but its relative performance declines
when persistence and targeting challenges become dominant, which explains its second position and supports the
sequencing logic discussed below. Similarly, B and C align with studies emphasizing that efficiency measures
reduce exposure and improve resilience, yet they diverge in short-run rank because the present decision problem
prioritizes rapid employment protection under immediate volatility and constrained implementation capacity
(Patterson et al., 2022; Yu et al., 2022; Errigo et al., 2022).
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These trade-offs translate into contingent policy guidance rather than a single, context-free prescription. Under
binding fiscal constraints, the analysis suggests that an E — A sequence is the most coherent stack. Thresholded
indexation and social tariff combined with debt restructuring are activated first to secure precise incidence and
macro-financial discipline, followed by targeted bill relief and short-time work to sustain employment quickly.
Package D is then layered in selectively where firm-level exposure to energy and FX shocks is credibly
documented. If repeated short but intense shocks are anticipated within a year, an A — E — D sequence becomes
more appealing, as operational readiness and speed become primary and indexation thresholds and targeted tariffs
provide a supporting role for distributional and inflation dynamics. For longer-term resilience objectives, C is
gradually phased in for low-income households and small businesses in municipalities with sufficient
administrative and technical capacity, while B accelerates exposure reduction in energy-intensive industries.
Package G proceeds only where shovel-ready projects and co-financing are in place, given its more demanding
implementation profile. Across scenarios, sequencing emerges as more decisive than the identity of any single
instrument: fast stabilizers bridge the exposure window while structural measures ramp up and eventually take
over. This sequencing logic is consistent with empirical evidence that energy shock impacts can be front-loaded
in labour markets (via liquidity and uncertainty) while structural responses (efficiency, electrification, reskilling)

unfold more slowly and are constrained by capacity and matching frictions (Lankhuizen et al., 2023).

Implementation risk can be managed through concrete, data-driven safeguards that directly target the mechanisms
identified in the literature. For E and A, linking the social registry to utility consumption, requiring periodic
recertification, publishing simple targeting dashboards, and setting explicit ceilings on allowable leakage can
materially reduce mis-targeting, consistent with evidence on metering-based targeting (Fawcett et al., 2024). To
limit windfalls and strategic behaviour in D, tax, customs, and utility data can be combined to construct verifiable
screens for energy intensity and export shares, complemented by standardized templates and ex-post audits to
restrain moral hazard. For B and C, the creation of accredited contractor pools, standardized measurement-and-
verification protocols, and pilot “corridors” in selected municipalities can mitigate procurement and performance
risk prior to scaling—directly addressing the verification and monitoring challenges highlighted in the industrial
assessment and energy management literature (Patterson et al., 2022; Yu et al., 2022). Aligning the portfolio with
existing policy infrastructures further reduces duplication: E builds on tariff regulation and debt-workout
channels; A relies on ISKUR wage-support mechanisms; D uses Eximbank and banking hedging products; and
B and C mobilize municipal project-management offices and national efficiency programmes. Taken together,
the expanded comparison suggests that the relative dominance of E and A is not only a function of scoring design,
but also reflects a context-specific fit between Tiirkiye’s institutional delivery capacity and the multi-channel

nature of energy-to-employment transmission under volatile prices. Under such arrangements, the portfolio can
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enhance short-term job security while charting a credible path toward longer-term reduction in energy exposure
in a way that is consistent with both empirical evidence and administrative realities in Trkiye.

CONCLUSION

This analysis shows that energy—employment policy packages can be compared systematically even when
decision makers face scarce data, fiscal strain, and urgent timelines. By combining SAW and ARAS, the
framework evaluates alternatives across employment impact, fiscal cost, feasibility, targeting accuracy,
durability, and time-to-effectiveness, producing a consistent ordering of the leading packages. The highest-ranked
options are indexed pricing thresholds, social tariffs for vulnerable users, and structured bill-debt restructuring;
the next-best is targeted bill relief paired with short-time work under acute stress; and the third is export support
with FX hedging for energy-intensive SMEs. The persistence of this ordering under both entropy-based and
equal-weight schemes suggests that the leading options reflect stable performance profiles rather than being
artifacts of a single weighting choice. At the same time, the rankings should be interpreted as indicative guidance
for prioritization rather than definitive prescriptions, intended to support rapid, transparent decision-making

under uncertainty.

Several limitations should be acknowledged explicitly. First, the decision matrix is based primarily on expert
elicitation rather than comprehensive administrative microdata, so criterion scores inevitably reflect informed
judgment and may vary with expert composition, information sets, and anchoring assumptions. Second, central
values are derived from expert point estimates (with uncertainty ranges), meaning that unobserved heterogeneity
across regions, sectors, and firm types may not be fully captured by the current scoring scales. Third, the
framework is a static, ex-ante prioritization tool and does not model general-equilibrium feedbacks—such as
inflation expectations, wage responses, credit tightening, or spillovers across supply chains—that can affect
realized employment outcomes. Fourth, implementation feasibility and targeting accuracy are scored as
structured assessments rather than audited delivery metrics, so on-the-ground constraints (registry quality, billing
systems, municipal capacity, compliance, and take-up) could shift realized effectiveness relative to the ex-ante
ranking.Finally, the results depend on the selected feasible set of policy packages and criteria; alternative package
definitions, additional criteria (e.g., distributional equity or political acceptability), or different normalization
rules could alter rankings. These limitations do not undermine the usefulness of the approach, but they imply that
policy conclusions should be framed as a transparent starting point for prioritization and learning, not as final

anNSWEers.

A key implication is that effective crisis management under energy-price shocks depends less on a single flagship
instrument and more on synchronized measures that address cost pressure, cash-flow stress, and demand erosion
at the same time. In the early phase of a sharp price rise, policymakers benefit from instruments that are

deployable quickly and leverage existing Turkish policy rails: thresholded indexation, well-designed social
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tariffs, and structured debt workouts, reinforced by targeted bill relief and short-time work schemes where
exposure is verifiable. These measures can protect household liquidity and preserve firm—worker matches rapidly,
while remaining administratively tractable under acute stress. As the shock phase stabilizes and fiscal and
administrative space adjusts, the mix can shift toward resilience-building measures that reduce exposure at the
source, including industrial efficiency support, export support with FX hedging for confirmed exposure, and
targeted investments in heat pumps and building retrofits where municipal delivery capacity is adequate. In this
sequencing logic, the short-term goal of preventing job losses is progressively linked to the longer-term goal of

lowering vulnerability to volatile energy inputs.

Rather than offering a rigid rule, the framework is intended as a flexible decision aid that can be updated as
conditions change. Shifts in macro-financial constraints, labour-market structure, and social priorities will alter
the relative importance of criteria and may expand or restrict the feasible instrument set. Reapplying the SAW-
ARAS evaluation under alternative budget envelopes, labour-market scenarios, or welfare constraints enables
policymakers to test whether preferred packages remain robust or require adjustment. The model’s transparent
structure also helps social partners and civil-society stakeholders understand why specific combinations rise to
the top, which objectives they prioritize, and what trade-offs are being accepted—supporting informed dialogue

rather than technocratic closure.

Future research can extend this work in three practical directions. First, ex-ante rankings should be linked to ex-
post outcomes by pairing policy rollouts with quasi-experimental or experimental evaluations using
administrative data on households, firms, energy use, and employment to estimate realized cost-per-job metrics
and validate or refine the scoring logic. Second, targeting performance should be tested directly as registry
quality, metering coverage, and digital governance improve, allowing the feasibility and targeting criteria to be
calibrated against observed delivery data rather than structured assessments. Third, as richer data become
available, analysts can incorporate scenario-based ranges more formally, explore nonlinear effects, and update
weights to reflect changing elasticities and priorities. With iterative updating, the approach can evolve from a
one-off crisis response tool into a learning-oriented policy capability that supports Tirkiye in aligning job-centred
energy policy with changing budget constraints, market conditions, and societal expectations, moving gradually

toward a more resilient configuration of its energy system and labour market.
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Abstract

In developing countries, health expenditures play a crucial role in improving access to healthcare services and
reducing social inequalities. This study aims to examine the relationship between health expenditures and gross
domestic product (GDP) per capita in Mexico, Indonesia, Nigeria, and Turkiye (MINT) using panel quantile
regression analysis. To ensure that this relationship is not limited solely to direct effects and to capture the
multidimensional nature of the health system more comprehensively, the study also considers the effects of various
health indicators. Unlike traditional mean-based methods, this approach allows analysis of effects at different points
along the conditional distributions of the variables. Empirical evidence indicates that the effects of GDP per capita,
life expectancy at birth, fertility rate, mortality rate, and urban population on health expenditures in MINT countries
are statistically significant across all quantiles except for the t=0,10 quantile level (p<0,05). While increases in GDP
per capita, mortality rate, and urban population are associated with significant increases in health expenditures,
increases in life expectancy at birth and fertility rate are associated with significant decreases in health expenditures.
In the lowest health expenditure group (t=0,10), the weakening or disappearance of the effects of the predictors on
health expenditures can be considered an expected outcome, possibly due to government support or the distinct
structure of basic healthcare services. These findings highlight the heterogeneous effects of economic and
demographic factors.
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INTRODUCTION

Health expenditures exhibit an upward trend due to rising expectations, technological advancements, and
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changes in income levels and population structures. In recent years, health spending has become a top
priority for many countries, and efforts to secure resources for investments in this area have intensified.
Human health is critical to the future of every country, so both developed and developing nations must
allocate budgetary resources to healthcare services in line with their economic capacity. Technological
advancements and the expansion of communication networks, which have become integral to daily life,
have increased health awareness among populations. This development has significantly impacted health
expenditures. While countries are making health expenditures, numerous international organizations are
developing projects, conferences, and strategies to protect global health. In line with their development
objectives, countries carefully examine their expenditures to efficiently utilize their limited resources and
assess whether they are sufficient to achieve their economic goals (Filiz, 2010). Health is a
multidimensional phenomenon shaped by the interaction of education, policy, and practice disciplines,
extending beyond a purely theoretical framework. Promoting public health requires integrating educational
processes that foster individual awareness, macro-level policies that standardize access to services, and
operational practices that ensure clinical effectiveness (Yildirim & Bulut, 2023). As a vital issue in daily
life, health is also currently regarded as a cultural phenomenon. While earlier discourse focused primarily
on disease, it later shifted toward health. More recently, this discourse has evolved into the concept of "heal”
(Kurtdas, 2016).

Throughout history, countries have striven to ensure their continued existence. Epidemics and incurable
diseases have led to significant population declines in some countries in the past. Furthermore, low life
expectancy at birth and low fertility rates have caused these countries to face existential challenges. These
conditions are considered major factors threatening the future sustainability of nations. The failure to
achieve the expected increases in the active labour force and fertility rates due to health-related problems
has hindered countries' economic and demographic growth. Experiencing such periods has resulted in
stagnation and even regression in countries' levels of development. To avoid these adverse effects, countries
have sought to preserve and enhance their welfare levels by increasing health sector expenditures (Zerecan
& Atakan, 2024). It is undeniable that health economics is an interdisciplinary field of synthesis that
combines the clinical data provided by medical science with the rational analytical methods of economics

and is fundamentally built on the efficient use of resources.

Health expenditures encompass a range of services, including hospital services, pharmaceuticals,
preventive care, and rehabilitation. These expenditures vary worldwide in line with each country's
economic structure, healthcare system, and implemented policies. For example, low- and middle-income
countries tend to focus their health spending on emergency care and child health. In contrast, high-income
countries prioritize age-related diseases and long-term care services (Akdur, 2008). Furthermore, the
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importance of health spending has increased with the onset of the pandemic. During the pandemic, countries
tested the resilience of their healthcare systems and realized that they needed to increase health spending.
The pandemic clearly demonstrated the necessity of investing in healthcare services and their critical role

in protecting public health (Iliman, 2022).

In conclusion, growing populations, ageing societies, and advancements in health technology strain
countries' spending capacities and intensify sustainability concerns. Therefore, accurately forecasting future
health expenditure levels and growth rates is of paramount importance. The way countries organize their
health spending reflects their economic conditions and their approaches to social justice and equity. From
this perspective, increasing health spending, strengthening healthcare systems, and preparing for future
health crises are critical to the continuity and sustainability of nations. Well-planned health expenditure
strategies can improve health standards for individuals and societies while contributing to economic growth.
Therefore, monitoring and managing health expenditures are regarded as fundamental components of
national health policies (Ylcel & Caliskan, 2023). It requires providing quality healthcare services to all
segments of society and makes healthcare expenditures among the highest costs for national economies.
(Orak & Narin, 2023).

The objective of this study is to examine the impact of economic growth on health expenditures in MINT
countries. To this end, this study will employ panel quantile regression analysis. This analysis will allow
for the examination of the heterogeneous structure of the entire conditional distribution, in contrast to the
focus of standard panel data models, which focus solely on the conditional mean of the dependent variable.
The evaluation of the effects of key health indicators that reflect the health status of society and facilitate
international comparisons, such as life expectancy at birth, fertility rate, and mortality rate, together with
economic growth and urban population on health expenditures, will enable an assessment of whether the
share allocated to health spending is effective and efficient. This evaluation will provide more detailed

empirical evidence.
LITERATURE REVIEW

The number of studies examining the relationship between health budgets and the factors influencing these
expenditures is steadily increasing. A review of the literature in this field reveals that most studies have
examined the relationship between economic growth and health expenditures using panel data models.
Panel data analysis is an indispensable methodological approach for understanding the impact of economic
growth on health-sector investments and the complex interactions among the various factors that shape
these expenditures. By accounting for differences across countries and changes over time, such studies

yield more robust and comprehensive insights. In addition to contributing to academic literature, these
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studies guide the formulation of health and economic policies. However, these models focus only on the
conditional mean of health expenditures and do not allow analysis of the entire conditional distribution's
heterogeneous structure. The following analysis of studies in the relevant literature provides a

comprehensive perspective on the relationship between health expenditures and economic growth.

Sayili et al. (2017) investigated Turkiye’s position within OECD countries by comparing key health
indicators and health expenditures. Their findings revealed that both male and female life expectancy and
healthy life expectancy in Turkiye were significantly lower than the OECD average. In contrast, neonatal,
under-five, and maternal mortality rates were significantly higher (Sayili et al., 2017). Similarly, Giiven et
al. (2018) analyzed panel data from 32 MENA countries for the period 2000-2015. They found that health
expenditures negatively affected economic growth, whereas infant mortality and life expectancy at birth
positively affected growth. In line with these findings, Safkan (2020) examined economically fragile
countries, including Brazil, India, Indonesia, South Africa, and Turkiye, and reported that per capita health
spending positively influenced per capita income, while infant mortality had a negative and significant

effect on economic growth; life expectancy at birth, however, was not significant.

Environmental factors have also been considered in this context. Kostak (2021) studied EU countries and
found that CO2 emissions drive health expenditures by causing environmental degradation. It highlights the
need for policies to mitigate environmental damage. Similarly, Pehlivan et al. (2020) observed
unidirectional causality from CO2 emissions to health expenditures and per capita GDP in G20 countries.
Kini and Levent (2023) further examined the relationships among economic growth, CO2 emissions, and
health expenditures across EU countries. Li et al. (2022) investigated this relationship in BRICS countries.

Girgin (2022) focused on developed countries and analyzed panel data from 35 OECD countries spanning
2000-2019. He demonstrated that increases in public health expenditures were associated with higher
economic growth, investments, labour force participation, and life expectancy at birth. Girgin (2022) also
observed that the health indicators of developed countries were superior to those of developing countries.
Saglam and Kara (2023) examined how changes in health status affect public budgets. They found that in
developed countries, higher elderly population ratios and out-of-pocket expenditures increase the share of
public health spending. Conversely, increases in the human development index, crude birth rate, and private
health expenditures reduce it. In less developed countries, life expectancy at birth and per capita out-of-
pocket health expenditures increased the public health expenditure burden. Meanwhile, rising crude birth

rates, private expenditures, and elderly ratios reduced it (Saglam & Kara, 2023).

A multitude of studies have directly examined the interplay between health expenditures and economic
growth. Celik (2020) discovered that in G20 countries, increases in health expenditures positively affected
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economic growth, suggesting that appropriate socio-economic conditions and investments in health and
education enhance labour productivity. In a similar vein, Sen and Bingdl (2018) identified a positive
relationship between economic growth and health expenditures in Turkiye for the period 2006-2017. This
relationship was determined using indicators such as drug expenditures, health-related transfers, and
medical supply costs (Sen & Bingol, 2018). Akin (2007) also identified a positive correlation between life
expectancy at birth and per capita GDP in Turkiye, while infant mortality, child mortality, and crude death
rates demonstrated negative associations. Akar (2014) corroborated these findings using cointegration and
vector error correction models, demonstrating a long-term significant relationship between health

expenditures, their relative price, and economic growth, while short-term effects were not significant.

Cross-country analyses further underscore the intricacy of these interactions. Caliskan (2009) analyzed
OECD countries and found that, in addition to economic factors, non-economic factors such as education
levels, demographic changes, and health policies significantly influence health expenditures. The study
identified ageing populations and urbanization as driving factors for increased demand for healthcare
services (Caliskan, 2009). Dastan and Cetinkaya (2015) compared the health systems and expenditures of
OECD countries, finding significant differences among countries. However, a direct link between health
spending and health system efficiency was not consistently observed (Dastan & Cetinkaya, 2015). Arslan
(2022) applied the Panel ARDL method to 36 OECD countries, thereby demonstrating that health
expenditures, both public and private, significantly affected life expectancy at birth, infant mortality, and
lost potential years of life in the long and short term. However, maternal mortality and preventable deaths

were only partially significant (Arslan, 2022).

Other studies focusing on broader international contexts reinforce the positive role of health spending. Kilig
and Ozbek (2018) analyzed OECD data for 1995-2013 using FMOLS and DOLS and concluded that health
and education expenditures positively influence economic growth. According to Majdi (2014), the
economic growth of 15 Northern and Southern countries from 1992 to 2010 was influenced by health
expenditures. Sahbudak and Sahin (2015) observed a positive relationship between health expenditure share
in GDP, life expectancy, and economic growth in BRIC countries (Sahbudak & Sahin, 2015). Haseeb et al.
(2024) conducted a subsequent investigation of ASEAN countries, identifying both short- and long-term
effects of economic growth, environmental pollution, and energy consumption on health and R&D

expenditures.

Finally, country-specific analyses in Turkiye reveal consistent patterns. As indicated by Sahbudak and
Sahin (2015), Sen and Bingdl (2018), and Akin (2007), both health indicators and expenditures significantly
influence economic performance. A collective examination of these studies suggests a context-dependent

yet crucial relationship between health expenditures, economic growth, demographic changes,
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environmental factors, and health system characteristics. This relationship is imperative for informing

policy decisions and enhancing health outcomes across diverse countries and regions.
DATA AND METHODOLOGY

This study examined the impact of per capita gross domestic product, life expectancy at birth, fertility rate,
mortality rate, and urban population on health expenditures for the MINT countries (Mexico, Indonesia,
Nigeria, and Trkiye) during the period 2000-2023. The analysis employed panel data methods to facilitate
a comprehensive examination of the data. The dataset under consideration has a cross-sectional dimension
of i=4 and a time dimension of t=24, resulting in a total of n=96 observations. Prior to analysis, the natural
logarithms of all variables were taken. The data were analyzed using Stata/BE 18, and the Type | error rate
was set at «=0.05. The variables utilized in the analyses were obtained from the World Bank's World
Development Indicators database, and exhaustive details are provided in Table 1.

Table 1: Variable Definitions

Variables Explanations Abbreviation Source
Health expenditures % of GDP HE
Per capita gross

domestic product Current US$ GDP
Life expectancy at
birth Year LEB World Bank-
Fertility rate Number of live births per woman FR World
Development
Number of deaths of children Indicators
Mortality rate under five Years of age per 1,000 MR
live births
Urban population % of the total population UP
Source: Created by the authors
The panel data regression model to be used in this study is as follows in Eq. (1):
logHEi:= ai + B110gGDPit + B2 10gLEBit + Bz FRit +f4 MRit+ Bs UPit + €it, i=1,2,...,4; t=1,2,...,24 1)

In this Model, i denotes the countries in the cross-sectional data, t denotes the time period, oi denotes

country-specific differences, and &it denotes the error term.

In some econometric analyses, it is common to use cross-sectional and time-series data separately.

However, an exclusive focus on a single dimension may be considered a limitation. This development has

led to the emergence of panel data, a methodological advancement that facilitates the integration of cross-

sectional and time-series observations (Baltagi, 2021). The use of panel data is widely acknowledged as a

costly, time-consuming, and analytically challenging endeavour. The incorporation of both the time and

cross-sectional unit dimensions in panel data introduces numerous challenges during data collection
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(Tatoglu, 2016). Conversely, the utilization of panel data facilitates the adjustment of individual
heterogeneity by accounting for fixed, though unobservable, factors inherent in both cross-sectional and
time-series data. The time dimension facilitates a more precise evaluation of the direction of cause-and-
effect relationships. Let i and t denote the cross-sectional units and time periods, respectively. Also, the

panel regression model with dependent variable Y and independent variable X can be expressed as follows:
Yie = @ie + 281 Breie Xpie +wie, i=12,..,N;t=12,...,T;k=12,..,K )
Panel Quantile Regression

Quantile regression is a statistical and econometric method that extends traditional regression analysis by
estimating the effects of independent variables at different points along the distribution of the dependent
variable, rather than focusing solely on the mean (Koenker, 2005). This approach is beneficial for capturing
heterogeneous effects across observations and for examining variations at the lower and upper tails of the
distribution. Therefore, quantile regression offers a more comprehensive assessment of variable effects and

addresses limitations of traditional regression methods (Koenker & Machado, 1999).
The simple linear quantile regression model is as follows in Eq. (3):
FY(t/X)=a+ BX +FE (1) (3)

where the value F~1(z/X) represents the tth conditional quantile of the dependent variable derived from

the inverse of distribution F(Y /X), while F,1(7) denotes the error term associated with the tth quantile.

Let Y; be a random variable that is independent and identically distributed, following a symmetric F

distribution function, represented as (Koenker & Hallock, 2001):

Y=B+¢ 4)
In Eq. (4), the tth sample quantile is obtained by minimizing Eq. (5).

ming (i Tly; = Bl + Tiyiey (1 — Dly; — B} (5)
In this case, the resulting Model can be expressed as a linear regression model as shown in Eqg. (6).

Y, =48 +¢ (6)
The tth quantile regression is estimated as shown in Eq. (7) by minimizing Eq. (8).

ming {Siy o 71V — £+ iy ,(1 = DIyi — 551} (7)

ming {7, pr (i — x:B)) (8)
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Quantile regression coefficients indicate the impact of a one-unit change in an explanatory variable on the
dependent variable at a given quantile. Conventional techniques for pooled data are susceptible to
heterogeneity. Panel quantile regression is a methodological framework that integrates panel data with
quantile regression, offering a flexible analytical approach. These models can be classified as either fixed
effects or correlated random effects, thereby enabling the unobserved individual effects to be associated
with the explanatory variables. The fixed effects panel quantile regression was introduced by Koenker
(2004), with individual effects estimated via a narrowing function. In contrast to standard fixed effects
models, quantile regression provides unbiased and efficient estimates when linear regression assumptions
are violated (Acar & Topdag, 2022).

EMPIRICAL RESULTS
This section presents the empirical findings from the methods employed in the study and evaluates them

within the framework of the research questions.

Table 2: Descriptive Statistics for MINT Countries

Country HE GDP LEB FR MR UP
5,6643 9787,6520 73,9562 2,2630 18,8263 78,2240
0,4392 1521,6060 11,2006  0,2769 4,7985 2,1016

Mexico 44491 74739324 701330 1,8030 10,7330 74,7220
63130  13926,1136 74,8320 2,7160 28,2000 81,5820
27412 28259709 68,4688 2,3938 33,3385 50,6510
indonesia 04377 13683118 12365 01297 101932 51013
1,8530  739,0039 657500 21530 16,3240 42,0020
37064  4940,5498 705180 2,6570 52,0000 58,5720
35602 18912838 50,9079 5,7435 136,8448 44,7063
Nigeria 05925 7429623 19165 04136 22,3730  6,0554
24906 5630471 47,1930 45290 1015760 34,8400
50536  3200,9528 53,6990 6,1390 182,5000 54,2830
46290 91091367 752427 21269 18,6845 71,4686
Tarkiye 04650  2867,8282 11,9031 02455 88719  3,9502
37630  3100,4500 71,8610 1,2400 42290 64,7410
54900 129857532 78,4750 25320 37,6000 77,4630
41509 59035109 67,1439 3,1318 51,9236 61,2625
Total 12060  4000,7042 98903 15444 51,3417 14,7213

1,8530 563,0471 47,1930 1,2400  4,2290 34,8400

6,3130  13926,1136 78,4750 6,1390 182,5000 81,5820
For each country, the rows report the mean, standard deviation, minimum, and maximum values, respectively.
Source: Created by the authors

A collective evaluation of the economic, health, and demographic indicators of the MINT countries reveals
several noteworthy observations. First, Mexico's health expenditures as a percentage of its GDP stand at
5.66%, the highest among the MINT countries. Second, Mexico boasts the highest GDP per capita among
the MINT countries, reaching USD 9787,65. Third, Mexico's life expectancy at birth is 73,96 years, a
moderately high figure. Fourth, Mexico's fertility rate stands at 2,26, a notably high figure. Fifth, Mexico's
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infant mortality rate is 18,83, the lowest among the MINT countries. Finally, Mexico has a high urban
population ratio of 78,22%, a statistic that is also notably high. In Indonesia, the proportion of health
expenditures to the nation's GDP is modest at 2,74%, the GDP per capita is the lowest at USD 1368,31, the
life expectancy at birth is 68,47 years, the fertility rate is high at 2,39, the infant mortality rate is high at
33,34, and the urban population ratio is low at 50,65%. Nigeria's performance stands in contrast to other
nations, exhibiting a low health expenditure ratio of 3,57%, a modest GDP per capita of USD 1891,28, a
life expectancy at birth of 50,91 years, a high fertility rate of 5,74, an infant mortality rate of 136,84, and a
low urban population ratio of 44,71%. Within the context of Turkiye, the allocation of health expenditures
to GDP is moderate at 4,63%, while GDP per capita among the MINT countries is notably high at USD
9109,14. The life expectancy at birth is 75,24 years, the fertility rate is moderate at 2,13, the infant mortality
rate is 18,68, and the urban population ratio is 71,47% (Table 2).

When health indicators among the MINT countries are examined, it is noteworthy that Mexico and Turkiye
exhibit relatively better health outcomes. This situation reflects the effectiveness of health policies and the
strength of health systems in both countries. On the other hand, the need for further improvement in the
health sector in Indonesia and Nigeria reveals the challenges faced by their health systems and the presence
of broader public health issues. It is understood that greater investment has been made in factors such as
access to healthcare services, health infrastructure, and the quality of healthcare personnel in Mexico and
Turkiye, which have contributed to improvements in health indicators. Moreover, programs such as
immunization, preventive healthcare services, and health education have improved health outcomes in these

countries.

In contrast, issues such as limited access to healthcare services, financial barriers, and the sustainability of
the health system in Indonesia and Nigeria contribute to the relatively poor performance of health indicators
in these countries. In these contexts, substantial improvements are required in areas such as infectious
diseases, malnutrition, and maternal and child health. Indonesia and Nigeria should develop comprehensive
health policies to strengthen their health systems. These policies should aim to expand access to healthcare
services and improve health infrastructure. At the same time, increasing investments in the health system
will enhance the quality of healthcare services. The more effective involvement of public—private
partnerships and international aid organizations, through both financial support and training programs, in
these countries will be reflected in improved societal health and well-being. In conclusion, the health
indicators of Mexico and Tirkiye demonstrate the effectiveness of their health policies, while the
implementation of the proposed strategies for overcoming health-related challenges in Indonesia and
Nigeria will be of great importance in improving overall quality of life.

In panel data analyses, testing for unit roots is critical. To determine the level at which the variables are
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stationary, first identify cross-sectional dependence and then select the appropriate first- or second-
generation unit root test. There are numerous tests available in the literature for assessing cross-sectional
dependence, and the choice of test varies depending on the time and cross-sectional dimensions (Pesaran,
2015). In this study, the use of two diagnostic tests enabled a detailed examination of interactions at
different levels of the data. Since the time dimension exceeds the cross-sectional dimension, the Breusch-
Pagan (1980) LM test results were considered, while the Pesaran (2004) CD test results were also reported
for comparison purposes.

Table 3: Cross-Sectional Dependence

Variables Breusch-Pagan LM Pesaran CD
HE 21,3117 1,4316™
GDP 104,28 10,185™
LEB 53,434 4,9814™
FR 63,0517 7,0784™
MR 139,99 11,8317
UP 142,82 11,951

*,** and *** denote statistical significance at the 10%, 5%, and 1% levels, respectively.
Source: Created by the authors

To investigate correlations across countries, cross-sectional dependence was examined using the Breusch-
Pagan LM and Pesaran CD tests, confirming its presence in the panel (p<0,05). Consequently, second-

generation unit root tests were deemed necessary to assess the stationarity of the variables (Table 3).

Table 4: Testing for slope heterogeneity

Test statistics p-value
A 14,643 0,000
Aagi 16,908 0,000
A (HAC) -2,669 0,008
Aagj (HAC) -3,082 0,002

Source: Created by the authors

In Table 4, the test results for the null hypothesis "Ho: the slope coefficients are homogeneous" indicate
that the panel exhibits heterogeneity.
Table 5: Unit Root Test Results

Variable Level (1)
Intercept Intercept&Trend Intercept Intercept&Trend
HE -1,102 (0,912) -2,555 (0,299) -2,721 (0,024) -2,833 (0,030)
GDP -1,209 (0,872) -1,564 (0,946) -1,555 (0,001) -2,066 (0,000)
LEB -1,991 (0,317) -2,091 (0,681) -2,496 (0,045) -2,968 (0,038)
FR 0,016 (0,985) 0,096 (0,925) -0,281 (0,000) -0,293 (0,001)
MR -2,606 (0,051) -3,042 (0,058) -2,659 (0,032) -1,470 (0,005)
UP -1,213 (0,870) -2,863 (0,117) -3,465 (0,000) -3,695 (0,001)
CIPS -1,478 -2,287 -4,300 -4,219

Source: Created by the authors

When the results of the second-generation unit root analysis presented in Table 5 are examined, the null
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hypothesis of a unit root could not be rejected for all variables at the level (p>0,05). In contrast, it was
+-2,86"", and -2,73"
,-2,33", and -2,21" for the only intercept model, corresponding

*kk

rejected for the first differences of the variables (p<0,05). The critical values are -3,10
for the intercept & trend Model, and -2,57"

to significance levels of 1%, 5%, and 10%, respectively (Pesaran, 2007).

Table 6: Panel Data Regression Analysis Results

Pooling Model

Variable Estimate Standard error t-test statistic p-value
Intercept -2,5843 2,0428 -1,2651 0,209

GDP 0,1393 0,0729 1,9104 0,059"
LEB -0,8058 0,5047 -1,5965 0,113

FR -0,1235 0,2581 -0,4787 0,633

MR 0,2133 0,1114 1,9149 0,058"
UP 1,3600 0,2346 5,7958 0,001

Total Sum of Squares= 8,9848, Residual Sum of Squares= 2,3598,
R?=0,7373, Adjusted R?=0,7227, F-test statistic=50,5328, p-value <0,001
Random Effect Model

Intercept 13,2201 2,591242 5,1019 0,001
GDP 0,2079 0,050363 4,1281 0,001
LEB -3,7977 0,735884 -5,1608 0,001
FR 0,1111 0,209215 0,5311 0,595
MR 0,0581 0,078615 0,7398 0,459
UP 0,4969 0,284855 1,7445 0,081"

Total Sum of Squares= 1,6453, Residual Sum of Squares=1,0717,
R?=0,3962, Adjusted R?>=0,3330, y2-test statistic=48,1704, p-value <0,001
Oneway (individual) effect Within Model

Intercept 14,4394 2,6554 5,4377 0,001
GDP 0,2072 0,0502 4,1241 0,001
LEB -4,1634 0,7646 -5,4451 0,001
FR 0,1703 0,2117 0,8045 0,423
MR 0,0457 0,0787 0,5816 0,562
UP 0,5709 0,2886 1,9778 0,051"

Total Sum of Squares=1,637, Residual Sum of Squares= 1,0307, R?=0,4074,
Adjusted R?=0,3453, F- test statistic=10,236, p-value <0,001, Chow F=37,4, p<0,001,
Breusch-Pagan LM test x?=1,4438, p=0,2295, Hausman test y?= 60,304, p<0,001
Driscoll Kraay tahmin yontemi

Intercept 14,4394 1,9622 7,3588 0,001
GDP 0,2072 0,0525 3,9432 0,001
LEB -4,1634 0,4634 -8,9845 0,001
FR 0,1703 0,2020 0,8431 0,4014
MR 0,0457 0,0790 0,5792 0,5638
uUP 0,5709 0,2817 2,0266 0,0456™

Total Sum of Squares=1,637, Residual Sum of Squares= 1,0307, R?=0,4074,

Adjusted R?= 0,3453, F- test statistic=33,6365, p-value <0,001
Source: Created by the authors; *, **, and *** denote statistical significance at the 10%, 5%, and 1% levels,
respectively

In Table 6, parameter estimates are reported for the classical, random-effects, and fixed-effects models for

the MINT countries. The results indicate that the models are generally statistically significant (p<0,001).
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In both the random effects and fixed effects models, GDP, LEB, and UP are found to be statistically
significant determinants of health expenditures, whereas in the classical Model, GDP, MR, and UP are
significant. The significance levels of the variables are presented in the table. Moreover, when the results
of the Chow/F test, the Breusch-Pagan Lagrange Multiplier test, and the Hausman test are considered
together, it is determined that the fixed effects model provides more reliable results (Table 6). The test

results regarding the presence of unit and/or time effects in the Model are presented in Table 7.

Table 7: Results of unit and/or time effects tests

Test Unit Time Unit & Time
Lagrange Multiplier Test - 1,4438 2,3495 3,7933
(Breusch-Pagan) (0,001) (0,1253) (0,0501)
Lagrange Multiplier Test - 1,2016 1,5328 1,9335
(Honda) (0,001) (0,0626) (0,0665)

(): statistically significant value;
Source: Created by the authors

Based on the results presented in Table 7, it is determined that the Model contains unit effects (p<0,05) but
does not include time effects (p>0,05). The results of the model-assumption tests are presented in Table 8.

Table 8: Results of the heteroskedasticity, autocorrelation, and normality tests
in the fixed effects model

Variable Test statistic p-value
HE 0,095 0,033
GDP 0,177 0,000
LEB 0,248 0,000
FR 0,303 0,000
MR 0,139 0,000
UP 0,152 0,000

Modified Wald y? =51,18, p< 0,001, Breusch-Pagan BP=79,659, p<0,001
Bhargava/Franzini/Narendranathan Panel Durbin-Watson DW = 1,2762
Baltagi/Wu LBI = 1,3825

Source: Created by the authors

In the one-way fixed effects model, the results of the modified Wald test indicate heteroskedasticity. In
contrast, those of the Bhargava et al. (1982) Panel Durbin-Watson test and the Baltagi and Wu LBI test
indicate the presence of autocorrelation (Table 8). Considering the results obtained using the Driscoll and
Kraay estimator, which is robust to these assumption violations, GDP, LEB, and UP are found to have a
significant effect on health expenditures in the MINT countries (p<0,05). In the Model estimated with
robust standard errors, the explanatory variables account for approximately 40,7% of the variation in health
expenditures (Table 6). Additionally, the results of the Kolmogorov-Smirnov normality analysis indicate
that the variables do not follow a normal distribution (p<0,05). The box plots for each variable, presented
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in Figure 1, further validate this result.

10

Figure 1: Box plots for the HE, GDP, LEB, FR, MR, and UP
Source: Created by the authors
Given that the normality assumption for the variables is not satisfied, it is inadvisable to interpret the
parameter estimates obtained using the Driscoll-Kraay estimator. Instead, the estimates based on the
quantile regression approach should be considered. The results of the panel quantile regression analysis, as
well as the heterogeneity-robust panel quantile regression analysis based on the Machado-Santos Silva
(MSS) test, are presented in Table 9.

The results of the quantile regression analysis for identifying the determinants of health expenditures are
presented in Table 9. To assess heterogeneity across quantile regressions for varying quantile values, the
Machado-Santos Silva (MSS) heterogeneity test was applied. The analysis revealed that the quantiles
1=0,10, 0,25, 0,50, 0,75, and 0,95 exhibited heterogeneity (p<0,05). Consequently, this study obtained

robust estimates that account for heterogeneity and presents the parameter estimates in Table 9.
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Table 9: Quantile Regression Analysis

1=0,10 1=0,25 1=0,50 1=0,75 1=0,95
Variable E(sjtimate St;:?;[ic E(sjtimate st:alrt?:;[ic E(sjtimate st;lrt?:;[ic Eztimate st;lrt(if;[ic Eztimate st;lrt?gic
(std. error) (p-value) (std. error) (p-value) (std. error) (p-value) (std. error) (p-value) (std. error) (p-value)
GDP 0,2832 2,74 0,2525 3,28 0,2033 3,80 0,1586 2,18 0,1108 0,92
(0,2032) (0,000) (0,076) (0,001) (0,0535) (0,000) (0,0728) (0,030) (0,1203) (0,000)
LEB -25,360 -1,39 -31,943 -2,33 -42,484 -4,45 -52,076 -4,03 -62,326 -2,88
(-18,224) (0,164) (-13,690) (0,020) (0,9543) (0,000) -12,927 (0,000) -21,641 (0,004)
ER -0,0868 -0,22 0,0010 0,01 0,1417 0,70 0,2697 0,97 0,4065 0,90
(0,3945) (0,826) (0,2925) (0,001) (0,2029) (0,485) (0,2777) (0,331) (0,4521) (0,368)
MR 0,1720 0,99 0,1265 0,97 0,0535 0,59 -0,0128 -0,10 -0,0837 -0,42
(0,1742) (0,000) (0,1300) (0,000) (0,0904) (0,554) (0,1231) (0,000) (0,2016) (0,025)
UP 0,4856 0,80 0,5344 1,20 0,6126 1,99 0,6838 1,61 0,7599 1,11
(0,6083) (0,000) (0,4464) (0,000) (0,3084) (0,047) (0,4254) (0,000) (0,6824) (0,000)
Pseudo R? 0,6386 0,6079 0,6067 0,5446 0,5441
MSS y?test stat. 12,408 13,946 11,186 0,789 7,995
p-value 0,002 0,001 0,004 0,044 0,018
Heterogeneity-Robust Panel Quantile Regression
GDP 0,3093 3,72 0,2726 39 0,1167 1,75 0,0530 0,84 0,1133 3,73
(0,0832) (0,000) (0,0882) (0,003) (0,0667) (0,043) (0,0632) (0,044) (0,0304) (0,000)
LEB -0,6103 0,51 -0,7841 -1,94 -0,7557 -2,30 -14,857 -4,56 -28,645 -7,56
(-11,877) (0,609) (0,4033) (0,055) (0,3279) (0,023) (0,3260) (0,000) (0,3788) (0,000)
ER -0,1809 -0,32 -0,7212 -3,57 -0,4362 -2,21 -0,3174 -2,56 -0,5510 -7,59
(0,5613) (0,748) (0,2018) (0,001) (0,1969) (0,029) (0,1241) (0,012) (0,0726) (0,000)
MR 0,4239 1,80 0,5404 5,77 0,4235 4,78 0,3846 7,25 0,4020 13,61
(0,2353) (0,075) (0,0936) (0,000) (0,0885) (0,000) (0,0530) (0,000) (0,0295) (0,000)
Up 0,8285 -1,74 14,532 5,54 18,867 10,28 21,373 13,77 21,977 19,19
(-4,9621) (0,085) (0,2623) (0,010) (0,1835) (0,000) (0,1551) (0,000) (0,1145) (0,000)
Pseudo R? 0,6708 0,6989 0,7172 0,6515 0,5917

Source: Created by the authors
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According to these results, GDP is significant at the 95% confidence level across all quantile levels of health
expenditures in the MINT countries. Holding other variables constant, a 1% increase in GDP raises health
expenditures by 0,28% at the t = 0,10 quantile, 0,25% at the T = 0,25 quantile, 0,20% at the T = 0,50 quantile,
0,15% at the T = 0,75 quantile, and 0,11% at the Tt = 0,95 quantile. It indicates that higher levels of health
expenditures are associated with smaller increases. The LEB and FR variables are not significant at the lower
quantile level (t = 0,10), while their effects on health expenditures become statistically significant at t = 0,25 and

higher quantile levels. On the other hand, MR and UP are significant across all quantile levels.

In conclusion, based on the parameter estimates from the heterogeneity-robust panel quantile regression analysis,
GDP, LEB, FR, MR, and UP have statistically significant effects on health expenditures at all quantile levels
except t=0,10 in the MINT countries. Increases in GDP, MR, and UP raise health expenditures, whereas increases
in LEB and FR reduce health expenditures (Table 9).

DISCUSSION AND CONCLUSION

While the literature has primarily focused on the impact of health expenditures on variables such as economic
growth, this study examines the effects of factors including GDP per capita, life expectancy at birth, fertility rate,
mortality rate, and urban population on health expenditures in the MINT countries. Based on the tests of the
model assumptions, it was determined that a heterogeneity-robust panel quantile regression analysis should be
employed for modelling the data. According to the results of this study, increases in GDP per capita, the under-
five infant mortality rate, and the urban population are associated with higher health expenditures. In contrast,
increases in life expectancy at birth and the fertility rate are associated with lower health expenditures. These
findings are largely consistent with previous studies. For instance, Girgin (2022) reports a positive relationship
between health expenditures and economic growth in OECD countries, while similar positive relationships are
observed in G20 countries (Celik, 2020), in Tirkiye (Sen & Bingdl, 2018), in OECD countries (Kilic & Ozbek,
2018), and in BRIC countries (Sahbudak & Sahin, 2015). While Girgin (2022) finds a positive relationship
between life expectancy at birth and health expenditures, this contradicts the present study's results.

Moreover, Sayili et al. (2017) emphasize that both per capita income and the share of income allocated to health
are important for increasing health expenditures. Similarly, Alkaya and Gilbahar (2022) find a positive and
significant effect of GDP per capita on health expenditures. In contrast, Akar (2014) reports no significant short-
term relationship between health expenditures, their relative prices, and economic growth, but finds a significant
long-term association. Guven et al. (2018), focusing on MENA countries, identify a negative relationship between
health expenditures and economic growth. Overall, while the positive effect of GDP per capita on health
expenditures found in this study aligns with the majority of prior research, the negative impact of life expectancy

and fertility rates on health expenditures partially diverges from previous findings, highlighting contextual
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differences across countries and regions.

Across all quantile levels in this study, an increase in the under-five infant mortality rate was associated with
higher health expenditures. This positive relationship between the two variables contrasts with the findings of
Sever and Igdeli (2019) and Eryer and Ata (2024). On the other hand, Santas et al. (2021) report that increases in
health expenditures in OECD countries are associated with higher infant mortality rates, whereas Evirgen (2023)
finds that increased health expenditures reduce under-five child mortality. Similarly, this study's results indicate
that health expenditures increase with urban population growth across all quantiles in the MINT countries.
Comparable studies have also found that higher urban populations are associated with increased health
expenditures in OECD countries (Acar & Topdag, 2022) and in Turkiye (Kili¢ & Kurt, 2020). However, some
studies report no statistically significant relationship between urban population growth and health expenditures
(Ecevit & Cetin, 2022).

Empirical evidence indicates that higher per capita gross domestic product in MINT countries is associated with
higher health expenditures; therefore, policies that promote economic growth should be developed in these
countries. It is recommended that governments allocate a larger share of public budgets to expand healthcare
investments, strengthen health systems, and improve access to health services. On the other hand, since an
increase in life expectancy at birth reduces health expenditures, long-term health policies should be developed to
address the healthcare needs of an ageing population, and preventive healthcare programs should be established
to enhance elderly individuals' access to health services. The reduction in health expenditures associated with an
increase in the fertility rate can be explained by the prevalence of extended family structures or the activation of
social support systems. Moreover, as higher fertility rates generally imply a larger proportion of young people, it
can be argued that health expenditures may decline due to the provision of preventive healthcare services and to
lower utilization of healthcare services by younger individuals. In this context, the integration of social services
with healthcare systems and international aid organizations should be ensured, and greater investment in
preventive healthcare services is recommended. If an increase in the under-five mortality rate leads to higher
health expenditures, this should be regarded as a serious public health concern. Therefore, greater resources
should be allocated to child health, immunization programs should be strengthened, and awareness campaigns
focusing on maternal and child health should be expanded. In addition, early diagnosis and intervention programs
should be developed. Regular health check-ups during pregnancy and the postnatal period should be ensured, and

mothers and infants at risk should be identified and closely monitored.

Furthermore, access policies should be implemented to facilitate access to healthcare services for individuals in
rural areas who face difficulties. All families with infants should be offered training programs to improve health
literacy. Finally, continuous professional development opportunities should be offered to existing healthcare

personnel through in-service training programs. Since the increase in urban population leads to higher health
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expenditures, it is necessary to expand the number of healthcare facilities, improve the quality of healthcare
services, and enhance public health awareness in urban areas to facilitate access to care. Moreover, health-related

factors should be explicitly considered in urban planning processes.
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Abstract

The ongoing climate crisis has made sustainable development a strategic element of economic policies, leading to the
adoption of green finance, an approach based on environmental, social, and governance (ESG) standards instead of
traditional financial methods. The aim of this study is to examine the effects of environmental protection on green finance
and to evaluate them within the framework of inflation and financial development variables. The analysis covers seven
countries (Australia, Belgium, France, Germany, Ireland, the Netherlands, and Sweden) that scored 85 points or higher in
the ISESG 2025 global ESG ranking and covers the period 2002-2021. The Fourier Panel KPSS stationarity test and
Westerlund & Edgerton's cointegration test are utilised in the study. Long-term coefficients are then obtained through AMG
and rCCE estimators. The analysis results reveal a long-term relationship between the variables and significant
heterogeneity among countries. The findings indicate that ESG uncertainty negatively impacts green finance in Ireland and
Sweden, however, positively impacts it in Belgium. Considering the results of both coefficient estimates, inflation is found
to have a negative impact on green finance only in Germany, while financial development has played a supportive role in
Ireland and the Netherlands. Therefore, the analyses reveal that high ESG performance alone does not guarantee the stability
of green finance, and ESG uncertainty plays a decisive role in this process. This study aims to contribute to the literature
by being the first to directly examine the empirical relationship between country-specific ESGUI and green finance,
focusing on the group of countries with the highest ESG scores.

Keywords: Green Finance, ESG-Related Uncertainty Index (ESGUI), Inflation, Financial Development, Cointegration
Test

JEL Codes: Q56, C580

INTRODUCTION

Today, the global economy has reached an irreversible point due to the depletion of natural resources and the
climate crisis. This situation has transformed sustainable development from a choice into the most strategic

element of economic policies. At this point, green finance (GRF) systems have stepped in, eliminating the
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traditional financial systems' disregard for their destructive environmental impacts and replacing them with an
approach based on environmental, social, and governance (ESG) standards. GRF systems have become the
strongest driving force in the transition to a low-carbon economy, using capital not solely for profit but for a
cleaner environment (Chen & Chen, 2021). Studies examining the relationship between ESG and GRF have
indicated that, on the one hand, firms' ESG scores are important in shaping green bond issuances and investor
capital allocation processes (Zheng et al., 2023; Wang & Wang, 2022). On the other hand, it has been
demonstrated that ESG performance does not always positively influence GRF, information asymmetry and
inadequate reporting practices increase the risk of greenwashing, raising debates about the reliability of ESG
indicators (Zhang & Zhang, 2026, Kathan et al., 2025).

On the other hand, the development of GRF is not limited solely to firm-level ESG indicators, however is also
significantly influenced by macroeconomic conditions (Le et al., 2023). Inflation (INF) and the monetary policies
implemented as a result directly affect the cost and return expectations of green investments. Increased interest
rates during periods of high inflation raise the capital costs of green projects, making it more difficult to finance
these investments and limiting the volume of GRF (Erguin, 2024). In addition, macroeconomic uncertainty could

strengthen investors' risk-aversion tendencies, reducing demand for green financial instruments.

The level of financial development (FD) also stands out as a decisive factor in the spread of GRF. Developed
financial systems facilitate access to long-term and low-cost funds necessary for green projects and support the
implementation of sustainable infrastructure investments. However, studies examining the direct effects of FD
on GRF are limited in the literature (Al-Mulali et al., 2015; Fernandes et al., 2021).

The aim of this study is to comprehensively analyse the relationship between GRF and ESG uncertainty (ESGUI),
and to evaluate this relationship within the framework of key macroeconomic variables such as INF and FD. The
study aims to contribute to the literature by revealing the effects of ESG indicators on GRF, and to offer
implications for policymakers and investors on increasing the effectiveness of GRF. Previous studies largely
focus either on firm-level ESG scores or sector-specific green finance in selected countries, with cross-country
analyses including macroeconomic controls such as inflation and financial development largely neglected.
Furthermore, although ESG performance is frequently examined, the impact of ESGUI as an independent factor
affecting national-level GRF has rarely been empirically tested. Moreover, given that ESGUI is indirectly linked
to national ESG performance, this study examines countries with high ESG scores, providing insights for a

significant subset of countries that are underrepresented in the literature.

InTraders International Trade Academic Journal, Volume 9 Issue 1, 2026
www.intraders.org
91



| InTraders Journal 9(1) 2026|
How Does ESG Uncertainty Affect Green Finance: Evidence from High ESG-Performance Countries

LITERATURE REVIEW

This study will primarily address research focusing on the GRF-ESG relationship. Following this, previous
research on the limited number of ESGUI studies will be presented. Finally, the impact of two other economic

indicators found in the literature that may be related to GRF, namely INF and FD, will be examined.
Green Finance And ESG

Both ESG performance and ESG uncertainty play a decisive role in green finance in terms of volume, direction,
and cost. While strong ESG performance can positively impact green finance in certain cases, it may also have
negative effects under different conditions. Two theories that reveal the relationship between GRF and ESG
performance are "signal theory” and "stakeholder theory”. Signal theory posits that in an environment of
information asymmetry, firms send reliable signals that present themselves as high-quality to investors (Arhinful
et al., 2025; Dutordoir et al., 2024). It suggests that firms attract investors who care about sustainability and the
environment through green financing instruments they issue (Ajour El Zein et al., 2020). High ESG scores, issued
green bonds, and net-zero commitments made by companies regarding sustainability and a clean environment all

send positive signals to the markets (Tron et al., 2025).

Stakeholder theory argues that companies have a responsibility not only to their shareholders but to all their
stakeholders. ESG is a reflection of stakeholder expectations. The firm must consider the expectations of all
stakeholders (Freeman, 2010). ESG is a measurable, reportable, and auditable form of the demands asserted by
stakeholders (Donaldson & Preston, 1995). Green finance enables investment in projects that benefit society by
providing funding to stakeholders. This increases stakeholder trust in the company and improves its social
acceptability (Sun et al., 2025; Lee & Raschke, 2023). In other words, investment in ESG does not only consider
financial risk but also environmental and social impacts, and combines stakeholder expectations with financial
returns (OECD, pg 14, 2020).

Some studies demonstrating the positive effects of ESG on GRF are as follows:

Mustafa et al. (2025), in their study, have examined companies in China operating in sectors that cause significant
pollution and have found that companies with high ESG performance are able to obtain more bank loans, increase
green loan applications, and reduce credit costs. GRF not only provides financing to businesses to promote green
technology but can also improve companies' ESG performance. Increased ESG performance increases both social
and environmental awareness, paving the way for the development of GRF (Shen, 2025). Another study
conducted in China has shown that while ESG scores increase green innovation efforts by institutions, they also
degrade their quality. It is shown that ESG scores provide confidence to investors, facilitating easier access to
green finance (Chen & Yue, 2024).
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On the other hand, studies identifying the negative impacts of ESG on GRF are also present in the literature. The
development of ESG reports and the increasing demand for green finance in the market have brought
"greenwashing" problems to the forefront. In this context, Liu et al. (2024) have examined ESG reports and firms'
greenwashing practices in the Chinese market for the year 2022. The results show that greenwashing is increasing.
They have revealed that this increase is caused by insufficient information disclosure, information asymmetry,
and firms' preference for pursuing their short-term interests. Kathan et al. (2025) have aimed to demonstrate that
companies with high ESG scores are more inclined towards greenwashing by examining the greenwashing
practices of STOXX Europe 600 components between 2015 and 2023. The study has found a significantly
positive correlation between apparent environmental performance and ESG scores, but a negative correlation
with actual performance. This suggests that ESG scores are not sufficient to measure true environmental impact

and may even mislead investors who prioritise high ESG scores.

From an uncertainty perspective, Nawaz and Su (2026) have confirmed that sustainability uncertainty plays a
significant role in the growth and promotion of GRF. Akadiri and Ozkan (2026) have further confirmed that green
bonds and carbon pricing mechanisms mitigate the negative impact of ESGUI on clean energy markets and reduce
uncertainty. Luo et al. (2026) have also found in their study that ESGUI is the strongest source of uncertainty,
particularly increasing volatility in ESG and green bond markets. Wang et al. (2026) have identified a negative
association between ESGUI and green bond yields in the short term, contrast with a positive relationship in the
medium and long term, and additionally found that the hedging effectiveness of ESGUI increased in the long
term. Moreover, Dou et al. (2025) have found that GRF positively influences artificial intelligence, thereby
contributing to a reduction in ESGUI. Das et al. (2025) have demonstrated that the combined effects of

geopolitical, climate, and ESG risks are strongly and positively associated with government green bond issuance.
Green Finance, Inflation and Financial Development

The effects of inflation on green finance are mostly negative, and this effect varies depending on the level of
inflation and the government's monetary policy. High inflation leads to tight monetary policies and consequently
to increased interest rates, raising the discount rate on green investments and potentially causing their
cancellation, thus negatively impacting green finance. High interest rates increase the cost of sustainable
investments, delaying the green transition and hindering the possibility of achieving price stability. The way to

combat high inflation is through a "greener and cheaper" monetary policy approach (Aguila & Wullweber, 2024).

Chen & Lin (2024) have examined the impact of tight monetary policy on renewable energy using quarterly data
from the US between 1990 and 2023. The results have demonstrated that tight monetary policy caused a decrease
in the volume of renewable energy production. Czipf (2025) investigates how changes in interest rates affect the
net present value and internal rate of return of green projects and has found that high interest rates lead to a failure

to generate returns on green projects. This situation reduces the attractiveness of green finance.
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On the other hand, high inflation is a state of uncertainty for investors. In this uncertain environment, investors
will want to avoid risk and will reduce their demand for green bonds accordingly (Koyct, 2025). Alekneviciené
et al. (2025) have investigated the effects of uncertainty indices on the green bond market during the Russia-
Ukraine war. The authors have concluded that uncertainties such as the unpredictability of high inflation make
the market more sensitive, lead to changes in investor behaviour, and could negatively impact demand for green
bonds.

Another situation is that increasing inflation raises input prices, thereby increasing the cost of green projects and
making financing more difficult. This leads to increased risk perception among investors, reducing demand for
green finance (Handler & Shandy, 2023). Berk et al. (2023) have established that rising inflation and interest
rates will lead to a decrease in the yield spread between green and traditional bonds, in other words, a contraction

in greenium. This also reduces demand for green bonds.

Furthermore, the pressure on policy interventions regarding climate change is leading to debates among central
banks about whether it is necessary to pursue a monetary policy for a green environment. These green monetary
policies are not explicitly included in the goals of central banks. The main goal of most is financial stability.
Green credit incentives are relegated to the background, limiting green finance. Therefore, environmental goals
conflict with monetary policy goals (Rosa, 2025). While green money policies could have positive environmental
impacts when inflation is low, it has been observed that tight monetary policies outpace environmental policy
tools during periods of high inflation (Aguila & Wullweber, 2024).

While there are studies in the literature examining the environmental impacts of FD and GRF variables, studies
demonstrating the direct effects of FD on GRF are quite limited. A country's FD is an important factor in terms
of its environmental sustainability. Stronger environmental performance depends on increasing green investments
within a developed financial system (Farooq et al., 2024). Developed economies can easily access the financial
resources needed for infrastructure investments in all kinds of green technologies related to green finance and
sustainability. A study covering the period 1990-2020 in 21 OECD countries has concluded that FD increased
GRF (Khan et al., 2024). Therefore, the impact of FD on GRF plays a very important role in terms of sustainable

finance and environmental practices.

Based on studies presented in the literature, this study proposes the following hypotheses regarding the effects of
ESGUI, INF, and FD on GRF:

H1: ESGUI has a negative and statistically significant effect on GRF.
H2: INF has a negative and statistically significant effect on GRF.
H3. FD has a positive and statistically significant effect on GRF.
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To provide empirical evidence for the proposed hypotheses, the following section elaborates on the data, model
specification, and econometric framework employed in this study.

DATA AND METHODOLOGY

Data

This study offers a relatively new perspective on the impact of ESG country-based sustainability uncertainty on
green finance. The study examines seven countries (Australia, Belgium, France, Germany, Ireland, the
Netherlands, and Sweden) in the top performers category (scoring above 85) according to ISESG's 2025 global
ESG ranking, covering the period 2002-2021. We estimate that ESG sustainability uncertainty (ESGUI), inflation
(INF), and financial development (FD) affect green finance (GRF) in these countries. The following model is
developed to test this prediction:

GRF;; = By + BLLNESGUI;; + BoINF; + B3FDjy + €54 (1)

Here, while i denotes the countries, t denotes the time. g, is the error term. S, 81, B2, and 5 denote the

coefficients of the constant, ESGUI, INF, and FD, respectively. Only the ESGUI variable is used in its natural

logarithmic form. The definitions and the sources of the variables are displayed in Table 1.

Table 1: Variable Definitions and Sources

Variables Definition Sources
Dependent variable
Green Finance (GRF) Government expenditures on | https://unctadstat.unctad.org/datacentr

environmental protection is used as a
proxy for GRF (% of GDP).

e/dataviewer/US.GovExpenditures

Access date: 15.01.2026

Independent variables

ESG-Based Sustainability Uncertainty
(ESGUI)

This index ranges from the maximum
value of 100 to the minimum value of
0. It is obtained from Ongan et. al.
(2025).

https://www.policyuncertainty.com/su

stainability index.html

Access date: 15.01.2026

Inflation (INF)

Annual percentage change in the

consumer price index

World Bank’s World Development
Indicators. Access date: 15.01.2026
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Financial Development (FD) Composite index measuring the depth, | IMF Financial Development

access, and efficiency of financial | Database. Access date: 15.01.2026

institutions and financial markets

Source: Created by the author
The descriptive statistics of the variables are provided in Table 2.

Table 2: Descriptive Statistics

Variables Mean Maximum Minimum Std. Dev. VIF
GRF 0,883107 1,747000 0,348000 0,373260

ESGUI 30,13635 70,94463 14,61446 8,110169 1,015
INF 1,644907 4,885745 -4,447547 1,218774 1,051
FD 0,760855 0,967435 0,588145 0,084945 1,055

Source: All values are calculated by the author via EVIEWS program.

There are 140 observations (20 years and 7 countries) in total. Since the calculated VIF values are less than 5,
there is no multicollinearity problem. The GRF variable exhibits a maximum of 1,747, a minimum of 0,348, and
an average of 0,883. On the other hand, the ESGUI variable ranges from 14,614 to 70,944, with an average value
of 30,136. The INF and FD variables have a maximum of 4,885 and 0,967, a minimum of -4,447 and 0,588, and
an average of 1,644 and 0,760, respectively. The standard deviations of GRF, ESGUI, INF and FD variables are
0,373, 8,110, 1,218 and 0,084, respectively.

METHODOLOGY

In panel data analysis, it is first necessary to conduct cross-sectional dependence (CSD) of variables and
heterogeneity of slopes. After analysing the CSD of the model and variables via the CDLM1 (Breusch & Pagan,
1980), CDLM2, and Pesaran's CD tests (Pesaran, 2004) given in Eq 2;

1
CDpm1 = N(N-1) st ﬁv l+1(Tplj )
CDim2 = ’N(N 1 N 1 9’1+1ﬁ12] (2)

The hypothesis valid for all three tests above is as follows:

€D = TS5 S 8

H,: there is no CSD and H;: there is CSD.

Then, the slope heterogeneity test is applied by utilising two Delta test statistics proposed by Pesaran & Yamagata
(2008):
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g g ~ NTS-E(Zq)
A= \/—( ) and Agaj —‘/N( Jvar@y) ) X

2k(T—k—1)

Here, E(Zz) = k, var(Zz) = —

and S is the changed statistics of Swamy (1970). Homogeneity and

heterogeneity are the null and alternative hypotheses, respectively.

At the second step of the analyses, the stationarity of the variables is examined through Fourier KPSS test
introduced by Nazlioglu & Karul (2017), a panel-adapted version of the Fourier KPSS test proposed by Becker
et al. (2006). This test, called FPKPSS, accounts for structural breaks and CSD. Unlike other tests, the null

hypothesis advocates stationarity. Heterogeneity is allowed between the sections in the panel.

They employed the following deterministic term to account for smooth structural breaks:

a,(t) = a; +yysin (Z20) + yyicos () (4)

The KPSS procedure introduced by Becker et. al. (2006) is as follows, which can estimate country-specific

statistics with k:

ni(l) = 5 27, 2l 5)

Sl

where, S;, (k) = Z]T-zl &jand &Z is the estimation of the long-run variance of &;,. The panel statistics FP (k) with

the average of the individual statistics developed by Nazlioglu & Karul (2017) is as follows:
FP(k) = = %I, mi (k) (6)

Although several cointegration methods are available in empirical studies to examine long-term relationships,
second-generation tests that allow CSD and structural breaks are particularly advantageous. Therefore, in this
study, Westerlund & Edgerton (WE) (2008) cointegration test has been applied to control the three basic

difficulties of panel data, namely CSD, autocorrelation and structural breaks.

The WE (2008) test has been composed from the Lagrange multiplier (LM)-based unit root tests presented by
Schmidt & Phillips (1992), Ahn (1993), and Amsler & Lee (1995).

Yie = & + Mt + 8;Dye + %"yt fi + (Dyexie)'vi + Zie (7)
Xit = Xjt—1 T Wit (8)
where,i =1,.., Nandt =1, ..., T denote panel members and the time period, respectively. While «; and g;

are constant and trend coefficients term before the break, §; and y; display the change after the break. D and w;

are the dummy variable and error term, respectively.
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The following three equations compose the error term z;;, which considers CSD through the inclusion of common
factors (Dobnik, 2011).

Zit = /12 + F + v 9)
Fje = pjFje—1 + ujt (10)
di(L)vie = Pivie—q + ey¢ (11)

Here, F; and F;; are r- dimensional common factor vector where j = 1, ...r. A; denotes a matched factor of factor

loadings. ¢;(L) is defined as a numeral polynomial in the lag operator L. The following equation is the

cointegration model, which is robust against serial correlation:
AS;it = constant + ¢iSAit_1 + 25)21 ¢ijA§it—j + error (12)

where S, is the error term. Two panel LM-based test statistics defined by WE (2008) are as follows:

LM, (i) =T, (%) (13)
LM, (i) = (%) (14)

Here, ¢; and &; are the least square estimators and the estimated standard errors, respectively.

In the final step of the study, the panel and country-specific coefficients are estimated via augmented mean group
(AMG) estimator introduced by Eberhardt & Teal (2010). Subsequently, the regularized common correlated
effect (rCCE) estimator proposed by Juodis (2022) is applied as a robustness check.

EMPIRICAL RESULTS

The CSD test and homogeneity test results are displayed in Table 3. According to the CSD results, the null
hypothesis that there is no CSD is rejected, indicating that CSD must be taken into consideration in subsequent
analyses. Before investigating the existence of cointegration between variables, it is essential to examine the
homogeneity of the slope coefficients in the cointegration equation. The Pesaran & Yamagata (2008)
homogeneity test results point out heterogeneous slopes. Namely, country-based analyses are warranted.

Table 3: Cross-Section Dependency and Slope Homogeneity Test Results

Variables CD CDiyq CD;

GRF 107,9682*(0,0000) 13,41949%(0,0000) 1,276430 (0,2018)
LNESGUI 60,34726*(0,0000) 6,071414*(0,0000) 4,013817*(0,0001)
INF 169,6406*(0,0000) 22,93575*(0,0000) 12,84791*(0,0000)
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FD 89,18778*(0,0000) 10,52160*(0,0000) 6,275593*(0,0000)
Panel 82,13238*(0,0000) 9,432932*(0,0000) 1,377938 (0,1682)
Slope Homogeneity Statistics
A 4,317* (0,0000)
Aqaj 4,946* (0,0000)

Source: All values are calculated by the author via EVIEWS and GAUSS programs. p-values are in the brackets. *p<0,01.
The FPKPSS stationarity test proposed by Nazlioglu and Karul (2017) accounts for CSD and has the advantage
of capturing smooth structural breaks due to its Fourier-based nature. According to the FPKPSS stationarity test
results shown in Table 4, the basic hypothesis defending stationarity is rejected at the level but cannot be rejected
at least at the 10% significance level at the first differences. This indicates that all variables are non-stationary at

the level and are stationary at their first differences, i.e., I(1).

Table 4: FPKPSS Stationary Test Results

Variables Level (1(0)) First differences (1(1))
GRF 9,524 (2,22e-016)* -0,7418 (0,7709)
LNESGUI 8,116 (2,22e-016)* 1,056 (0,1456)

INF 3,121 (0,0009025)* -0,08789 (0,5350)

FD 10,99 (2,22e-016)* -1,062 (0,8559)

Source: All values are calculated by the author via GAUSS program. * denotes the rejection of the null hypothesis at 1%
significance level. The frequency parameter k=5 in the Fourier approximation is selected. Regarding the estimation of the
long-run variance, the i.i.d. is employed.

Based on the FPKPSS stationary test outcomes, the WE (2008) test is employed to assess the presence of
cointegration in the panel. As displayed in Table 5, the null hypothesis of no cointegration is rejected. Thereby,
the results provide evidence of cointegration in the panel model. This reveals the existence of a long-term

relationship among the variables.

Table 5: Panel Cointegration Test Results

Westerlund & Edgerton (2008)

LM, p-value LM p-value

Level-shift -2,291** 0,011 -2,878* 0,002

LM Bootstrap
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Test statistics p-value

4,972 0,650

Source: All values are calculated by the author via GAUSS program. * and ** denote p<0,01 and p<0,05, respectively.
Model with a max number of 5 factors. The null hypotheses of the WE (2008) and LM Bootstrap tests indicate no
cointegration and cointegration in the model, respectively. The bootstrap is based on 1000 replications.

Additionally, the dates of structural breaks for each country are also reported in Table 6.

Table 6: WE (2008) Structural Breaks

Countries Break Years Countries Break Years
Australia 2013 Ireland 2010
Belgium 2010 Netherland 2008

France 2008 Sweden 2004
Germany 2019

Source: All values are calculated by the author via GAUSS program.

With the existence of long-term movement revealed, long-term coefficient estimation in the model has become

possible. The AMG and RCCE estimation results are reported in Table 7 and Table 8, respectively.

Table 7: AMG Long-Run Coefficient Estimation Results

Countries LNESGUI INF FD
Australia -0,1014007 -0,0332025 -1,1619
Belgium 0,4081399* -0,0027316 -0,4064122
France -0,0327038 -0,0314418* 0,7187729*
Germany 0,0154318 -0,0224036** -0,2236609
Ireland -0,2454135* 0,0321779** 4,381425*
Netherland -0,0566853 0,0088191 1,812626*
Sweden -0,0929544*** 0,0009621 -0,4341744
Panel -0,0150837 -0,0068315 0,6695252

Source: All values are calculated by the author via GAUSS program. *, ** and *** denote the p-value<1%, p-value<5%,

and p-value<10%, respectively.
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Table 8: rCCE Long-Run Coefficient Estimation Results

Countries LNESGUI INF FD

Australia -0,069919 -0,0693947 -2,415249**
Belgium 0,6612339* 0,0647921 -2,638936**
France -0,1132431 -0,0442915 0,3690265
Germany 0,0007237 -0,0461044*** -0,3627696
Ireland -0,2894218*** 0,0054712 3,919787*
Netherland -0,0724719 0,0599554** 1,692306*
Sweden -0,1959209* -0,0075219 -0,5899201**
Panel -0,0112884 -0,0052991 -0,0036792

Source: All values are calculated by the author via GAUSS program. *, ** and *** denote the p-value<1%, p-value<5%,
and p-value<10%, respectively.

According to the results, a positive relationship is found between GRF and ESGUI in Belgium, while a negative
relationship is observed in Ireland and Sweden. In Belgium, a 1% increase in ESGUI increases GRF by 0,6612
units, while in Ireland it decreases it by 0,2894 units and in Sweden by 0,1959 units. This means that, as expected,
increased ESG uncertainty in Ireland and Sweden negatively affects GRF. Inflation is found to be statistically
significant only in Germany, exhibiting a negative relationship with GRF. When INF increases by 1 unit in
Germany, it reduces GRF by 0,0461 units. Furthermore, FD exerts a significant and positive effect on GRF for
Ireland and the Netherlands, implying that higher levels of FD have a beneficial role in promoting GRF. Here, a

1-unit increase in FD results in an increase of 3,9198 units in Ireland and 1,6923 units in the Netherlands.
CONCLUSION AND POLICY RECOMMENDATIONS

This study offers a unique contribution to the literature by examining the effects of ESGUI on GRF in countries
with high ESG performance. Analyses for the period 2002-2021, covering a group of countries including
Australia, Belgium, France, Germany, Ireland, the Netherlands, and Sweden, reveal that high ESG performance

alone does not guarantee the stability of GRF, and that ESG uncertainty plays a critical role in this process.

Empirical findings indicate a long-term cointegration relationship between GRF, ESGUI, INF, and FD variables.
Moreover, the results point to significant heterogeneity across countries. ESGUI has a statistically significant and
negative effect on GRF in Ireland and Sweden. This suggests that increased ESG weakens investor confidence,
negatively impacting long-term green investment decisions. Green projects, particularly those with long payback

periods, face a higher risk perception in an uncertain environment, leading to a contraction in GRF flows.
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In contrast, a positive relationship is found between ESGUI and GRF in Belgium. This finding reveals that the
impact of ESGUI is not one-sided and that country-specific institutional structures, regulatory frameworks, and
financial systems could determine the direction of this relationship. The Belgian example indicates that in
countries with strong institutional capacity, reducing ESGUI necessitates strengthening environmental spending
and GRF mechanisms. On the other hand, contrary to expectations, this positive correlation obtained in Belgium
can be explained by the fact that ESG uncertainty is perceived in the markets not only as a risk but also as an
opportunity signal. In this context, uncertainty can be perceived not only as a risk factor but also as a market
reassessment and pricing mechanism (Luo et al., 2026). Another factor that could explain the positive impact is
that, within the framework of the EU Green Deal, the EU Commission encouraged green investment even during

periods of uncertainty (European Commission, 2020).

From a macroeconomic perspective, INF is found to have a negative and significant impact on GRF only in
Germany. This result indicates that tight monetary policies and rising interest rates could limit the volume of GRF
by increasing the financing costs of green investments. However, the lack of significant INF in other countries
suggests that strong institutional structures and policies might partially protect GRF against macroeconomic
fluctuations. On the other hand, FD is found to play a supportive role for GRF in Ireland and the Netherlands.
This finding confirms that developed and deep financial systems contribute to the spread of GRF by facilitating

access to long-term and low-cost resources.

From a policy perspective, the results indicate that enhancing ESG performance alone is insufficient for the
sustainability of GRF; mitigating ESGUI is also critical. In this context, policymakers should prioritize improving
ESG performance and reducing ESG-related uncertainty. In countries where ESGUI negatively impacts GRF,
increased transparency and institutional coordination could restore investor confidence. Furthermore, integrating

policies that support FD with GRF strategies will significantly increase the effectiveness of GRF instruments.

In conclusion, this study demonstrates that incorporating ESGUI into GRF analyses, uncertainty could have
decisive and country-specific effects on GRF, even in countries exhibiting high ESG performance. The findings
suggest that GRF-related policies should adopt country-specific and uncertainty-aware strategies rather than
uniform approaches. In this context, the study makes a significant contribution to the sustainable finance

literature.

For future research, this study primarily used the share of public environmental protection expenditures in GDP
as an indicator of GRF. Future studies could test the robustness of these findings by using alternative and more
detailed GRF indicators such as green bond issuance volume, green loan amount, sustainable fund size, or private
sector green investments. Furthermore, this study only included countries with high ESG performance (2002-
2021). Future studies could extend the sample to include developing countries or those with low to medium ESG

performance in order to examine whether the impact of ESGUI on GRF differs according to country development
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level. Such comparative analyses could provide more comprehensive insights for policy design. The relationship
between ESGUI and GRF is modelled as unidirectional, but potential risks of endogeneity or reverse causality
could not be completely eliminated. The increase of GRF may affect ESGUI, or there may be concurrent
interactions between the measured variables. It is suggested that future studies address this issue more

systematically.
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Abstract

This study examines how foreign direct investment (FDI), economic growth, and R&D-based innovation affect carbon
dioxide (CO-) emissions in Tiirkiye, motivated by the growing importance of cross-border capital mobility, technological
change, and scale effects in environmental economics. The study contributes to the literature in three ways. First, it jointly
estimates long-run equilibrium and short-run adjustment within an ARDL bounds testing and error-correction (ECM)
framework, rather than relying on single-period averages. Second, it shows that innovation, when combined with energy-
intensive production expansion, can raise emissions. Third, it links the environmental impact of FDI to its qualitative and
sectoral composition, thereby informing the pollution haven—pollution halo debate for Tirkiye. Using annual data from
1996 to 2023, the ARDL results indicate a stable long-run relationship among the variables. The long-run estimates show
that higher FDI inflows, faster economic growth, and greater R&D expenditure are associated with higher CO. emissions.
Alternative robustness estimators confirm these results. Short-run ECM results indicate that deviations from the long-run
equilibrium are corrected relatively quickly, with convergence occurring within approximately 16 months. The Toda—
Yamamoto causality test identifies unidirectional causality running from FDI, economic growth, and innovation to CO2
emissions. Overall, the findings suggest that Tiirkiye’s development trajectory remains carbon-intensive and that growth
and investment strategies lacking explicit sustainability constraints may increase carbon intensity. Policy implications
highlight the need to redirect FDI towards cleaner sectors, enhance energy efficiency, and accelerate the adoption of green
technologies to align economic modernisation with the Sustainable Development Goals.

Keywords: Foreign direct investment, economic growth, innovation, ARDL
JEL Codes: F21, 040, Q53, C22, 030

INTRODUCTION

Greenhouse gas emissions from both developed and developing countries have recently emerged as a major driver
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of global warming and accelerating disruptions in the climate system. This has led policymakers to focus
increasingly on controlling and reducing carbon-based emissions. At the same time, safeguarding
intergenerational justice has become increasingly complex due to the rapid decline of natural resources, the
persistence of energy-intensive growth models, and the widespread diffusion of unsustainable consumption
patterns globally. These pressures weaken the environmental and economic foundations of sustainable
development and threaten long-term sustainable prosperity. In response to this global challenge, the United
Nations adopted the Sustainable Development Goals (SDGs) in 2015, providing countries with a shared roadmap
extending to 2030. Rather than reducing development objectives to growth performance alone, the SDG
framework advances a transformational perspective that aims to align production and consumption systems with
the planet’s carrying capacity. In this context, among the 17 goals, Goal 13 (climate action) is a core pillar of
environmental sustainability by minimising climate risks; therefore, it plays an essential role in the practical

implementation of the sustainable development agenda (Igbal et al., 2023).

Climate change has evolved beyond being merely an environmental problem and has become a structural
development issue that directly shapes economic growth models, investment preferences, and technological
transformation processes. While industrialisation, urbanisation, and the expansion of global production networks
have improved countries’ economic performance, they have simultaneously intensified environmental pressures.
This dynamic places the tension between the environmental costs of economic growth and the objectives of
sustainable development at the center of economic analysis (Balsalobre-Lorente et al., 2018; Mensah et al., 2018).
In particular, carbon dioxide (CO-) emissions stand out as the primary driver of climate change due to their long
atmospheric lifetime and their dominant share of total greenhouse gas emissions, accounting for approximately
75 per cent. For this reason, CO. emissions are widely regarded as the most common and critical indicator for
measuring the environmental impacts of economic activities (International Energy Agency [IEA], 2023;
Intergovernmental Panel on Climate Change [IPCC], 2023). This general trend is also supported by up-to-date
data published at both global and national levels. According to IEA reports, global CO- emissions increased by
approximately 49 per cent from 2000 to 2023, while per capita CO- emissions rose from about 4 tons to 4.29 tons
over the same period (IEA, 2023). Accordingly, CO. emissions are among the main factors responsible for
environmental degradation and global warming (Syed & Bouri, 2022). In parallel, CO: emissions adversely affect
human health (Jiang et al., 2019), making it imperative for every country to understand the factors influencing

CO: emissions to achieve sustainable environmental, social, and economic development.

In light of these considerations, the literature on the drivers of CO: emissions has reached a relatively mature

stage. In particular, variables such as economic growth, foreign direct investment (FDI), and innovation or

technological change play a decisive role (Aghion et al., 2016; Fernandez et al., 2018; Shahbaz et al., 2018).

Economic growth tends to raise emissions by expanding production volume and energy demand, yet the
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magnitude of this effect depends mainly on the energy sources used and the carbon intensity of production
technologies (Kizilkaya et al., 2016; Mensah et al., 2018). FDI supports economic growth through capital
accumulation and the expansion of productive capacity; however, its environmental impacts vary by the sectors
receiving investment and the environmental policies in place (Gokmenoglu & Taspinar, 2016; Boateng et al.,
2024). In this respect, the environmental effects of FDI are not unidirectional. On the one hand, relocating
polluting activities to countries with weaker environmental regulations may give rise to a pollution-haven effect
(Shahbaz et al., 2015; Bekun et al., 2024). On the other hand, through the transfer of advanced technologies and
cleaner production processes, FDI can improve environmental performance through a pollution-halo effect (Siripi
et al., 2024; Li & Zhou, 2025). Similarly, innovation exerts a dual effect on CO: emissions. In theory, innovation
can reduce carbon emissions by increasing energy efficiency and promoting the adoption of clean technologies
(Romer, 1986; Tekbas & Yildirim, 2023). However, as innovation expands production scale and intensifies

energy use, it may also increase emissions (Adebayo & Kirikkaleli, 2021; Giltekin, 2023).

In Tirkiye, the effects of economic growth, FDI, and innovation on CO: emissions are of critical importance to
both academics and policymakers. In Turkiye, which is highly dependent on energy imports and sustains its
growth largely through energy-intensive sectors, the balance between economic expansion and environmental
sustainability is fragile (Kizilkaya et al., 2016; Giiltekin, 2023). This fragility becomes even more pronounced as
Turkiye integrates into global capital flows. According to World Bank data, net FDI inflows into Turkiye
amounted to approximately 11.7 billion US dollars as of 2024 (World Bank, 2024b). While these foreign capital
inflows can support economic growth, their effects on CO: emissions may vary depending on sectoral allocation

and the environmental policies in place.

Figure 1 shows the Turkish economy's growth over the last three decades, presenting per capita GDP.
Accordingly, during the 1996-2023 period, per capita GDP generally trended upward, gaining momentum
particularly after the mid-2000s. This growth was accompanied by an expansion in production scale and rising
energy demand, creating a basis for a simultaneous rise in environmental pressures. Indeed, Figure 2 shows the
upward trajectory of CO2 emissions in Tiirkiye over the same period. Therefore, the coexistence of economic
growth and rising CO: emissions over the past 30 years necessitates evaluating economic growth alongside its
environmental costs. Meanwhile, the FDI graph for Tirkiye in Figure 3 for the 19962023 period shows that
foreign capital inflows fluctuated but generally increased over time. A notable surge in FDI inflows is observed,
particularly in the mid-2000s, whereas a more volatile pattern emerges in the post-global financial crisis period.
This volatility suggests that the effects of FDI on CO- emissions may not be unidirectional or linear. Accordingly,
it is necessary to assess the effects of FDI within the sectors receiving investment and the production technologies
employed. The share of R&D expenditures in GDP, an indicator of innovation, is shown in Figure 4. As shown,
the share of R&D expenditures in Turkiye has increased, particularly since the 2000s. This trend may contribute
InTraders International Trade Academic Journal, Volume 9, Issue 1, 2026
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to greater technological intensity in production processes and, in the long run, to higher energy efficiency.
However, whether the increase in R&D expenditures mitigates CO: emissions depends on the nature of

innovation and the extent to which it is oriented towards environmentally friendly technologies.
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Figure 1: Trend of per capita GDP in Turkiye
Source: World Bank, 2025c.
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Figure 2: Trend of CO2 emission growth in Tiirkiye
Source: World Bank, 2025a.
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Figure 3: Trend of foreign direct investment in Tirkiye
Source: World Bank, 2025b.

1,6
1,4
1,2

1
0,8
0,6
0,4
0,2

R & D expenditure (% of GDP)

0
B
\996 LN 100‘9 IS I S SN 10«3 O P

Year

Figure 4: Trend of R&D expenditures in Tlrkiye
Source: World Bank, 2025d.

Within this framework, the study aims to analyse the relationships among CO: emissions, economic growth,

foreign direct investment (FDI), and innovation in Tlrkiye for the period 1996-2023, considering both short- and

long-run dynamics. To identify the long-run equilibrium relationship among the variables and the short-run

adjustment process, the analysis employs the ARDL approach and an error-correction model (ECM). The primary

rationale for preferring the ARDL methodology lies in its ability to accommodate variables with different orders

of integration and its suitability for data sets with a relatively limited time dimension (Pesaran et al., 2001,
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Narayan, 2005). Subsequently, the robustness of the ARDL findings is examined using the FMOLS, DOLS, and
CCR estimators to verify the direction of the relationships. Lastly, the "Toda—Yamamoto (1995) causality test"

is used to examine causal relationships between the variables.

This study makes several important contributions to the existing literature. First, unlike much of the previous
research that examines economic growth, foreign direct investment (FDI), or innovation separately, this study
analyzes their joint effects on CO: emissions within a single empirical framework, providing a more
comprehensive understanding of their interaction in the Turkish context. Second, by employing the ARDL bounds
testing approach together with an error correction mechanism and multiple robustness estimators such as FMOLS,
DOLS, and CCR, the study offers consistent evidence on both long run relationships and short run dynamics.
Third, the findings challenge the widely held assumption that technological progress necessarily improves
environmental quality, showing instead that innovation may increase CO. emissions when it is associated with
energy intensive production structures. Fourth, the study shows that the environmental impact of FDI depends
not only on its volume but also on its qualitative and sectoral composition, contributing to the broader debate on
the environmental effects of foreign investment. Finally, by focusing on Tirkiye over the period 1996 to 2023,
the study provides up to date and policy relevant evidence for a developing and energy dependent economy,

thereby addressing an important gap in the country specific literature.

The paper is organised as follows. Section 2 reviews the relevant literature. Section 3 outlines the data, defines
the variables, and describes the econometric methodology. Section 4 presents the empirical results. Finally,

Section 5 concludes the study and discusses the policy implications.
LITERATURE REVIEW

As global warming and environmental degradation intensify, the roles of economic growth, foreign direct
investment (FDI), and innovation in shaping environmental sustainability have attracted greater attention. The
expansion of economic activity raises production volumes and energy demand, thereby bringing environmental
costs to the fore. At the same time, the direction and magnitude of these effects vary with the technologies
employed and the structure of investment. As a result, the relationships between economic growth and the
environment, technological development and the environment, and FDI and the environment have gained
prominence in the literature. In countries characterised by energy-intensive production structures and a high
dependence on energy imports, the environmental consequences of foreign capital inflows and technological
development become more pronounced. In this context, Turkiye is an important case from both scholarly and
policy perspectives, given its efforts to balance economic growth with climate policies. Accordingly, empirical
studies focusing on Tiirkiye and examining the impacts of economic growth, FDI, and innovation on CO:
emissions provide important evidence on the nature of the environment—economy nexus across different periods

and methodological approaches.
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When the literature on Turkiye is examined, it becomes evident that the effects of economic growth, foreign
direct investment (FDI), and technological development on CO: emissions vary across periods and structural
conditions. For instance, Gokmenoglu and Taspinar (2016), using data from 1974 to 2010 and an ARDL error-
correction framework, report that both economic growth and FDI are associated with increases in CO2 emissions
in Tarkiye. Similarly, Benli (2020) analyses the effects of economic growth and FDI on carbon emissions for the
period 1974-2014 and reports that both economic growth and FDI increase carbon emissions. Qoyash and Eren
(2022) examine the effects of FDI and technological innovation on CO: emissions in Tiirkiye for the 1990-2019
period using the dynamic ARDL simulation method, and their results indicate that both FDI and technological
innovation positively affect CO2 emissions. Tekbas and Yildirim (2023) investigate the effects of innovation and
economic growth on CO: emissions in 13 developing countries, including Turkiye, during 2000—2009. Their
findings show that innovation increases CO- emissions in Tiirkiye, whereas economic growth mitigates them.
Gultekin (2023) analyses the effects of innovation and economic growth on carbon emissions in Turkiye using
the ARDL bounds testing approach and finds that economic growth positively affects CO: emissions, while
innovation reduces them. Finally, Coskun et al. (2025), using annual data from 1984 to 2019, find that
technological innovation currently contributes to an increase in CO: emissions, with a 1% rise in innovation
leading to a 0.061% increase in environmental degradation, while also identifying an inverted U-shaped
relationship between economic growth and environmental degradation. Moreover, the literature also includes
studies reporting conflicting findings. For instance, Haug and Ucal (2019) examine the effects of FDI on CO:
emissions in Turkiye. Based on the results of linear and nonlinear ARDL models, they find that FDI has
significant asymmetric effects on per capita CO- emissions, while no statistically significant long-run effects of
FDI are detected. In addition, increases in real GDP per capita have led to a reduction in CO:2 emissions over the
past decade. Ugur (2022), on the other hand, shows that FDI contributes positively to CO: emissions in Tiirkiye
over the period 1974-2015, thereby confirming the pollution haven hypothesis, while also finding support for the
Environmental Kuznets Curve hypothesis, indicating that economic growth has a negative effect on CO:
emissions beyond a certain threshold. Kogak (2024) investigates the impact of environmental technological
innovation on CO: emissions in Tiirkiye for the period 1990-2018 using the ARDL bounds testing approach and
the Toda—Yamamoto causality test. The findings reveal that environmental technological innovation reduces CO2
emissions and has a mitigating effect on global warming. Similarly, Atilgan (2025) examines the impact of
environmental technological innovation on global warming in BRIC (Brazil, Russia, India, and China) countries
and Turkiye over the period 1992-2020. The panel results indicate that a 1% increase in environmental
technological innovation reduces CO. emissions by approximately 0.238%, whereas a 1% increase in GDP raises
CO: emissions by about 0.150%. Overall, these studies indicate that the environment—economy relationship in
Tarkiye is not unidirectional and is closely linked to period-specific conditions and the process of structural
transformation.
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Recent empirical studies focusing on Ttrkiye further reinforce the complexity of these relationships. While many
studies show that economic growth and foreign direct investment (Kiligarslan & Dumrul, 2017) tend to increase
CO: emissions due to the persistence of energy-intensive production structures (Topal, 2024), others suggest that
technological progress and foreign investment can contribute to environmental improvement under certain
institutional and structural conditions. In particular, recent studies emphasize that the impact of foreign direct
investment cannot be assessed solely in terms of its volume, but must also take into account the sectors invested
and the technologies used (Camkaya et al. 2022). These mixed findings imply that the environmental impacts of
growth (Camkaya, 2024; Polat, I. H., 2026), investment, and innovation are highly sensitive to factors such as
sectoral composition, regulatory quality, and the direction of technological change (Bozatli, 2026; Coskun et al.
2025). Therefore, the current literature does not present a completely consistent picture for Turkey and underlines
the need for a more integrated empirical framework that considers these key determinants together. These
conflicting findings clearly demonstrate that there is no consensus in the literature regarding the direction of these

relationships in Turkiye.

On the other hand, the literature also includes studies focusing on other individual countries. For instance, Khan
et al. (2020) analyse the relationship between technological innovation and CO: emissions in China for the 1970—
2010 period using the ARDL approach and conclude that technological innovation reduces CO: emissions.
Adebayo and Kirikkaleli (2021) apply wavelet analysis to Japanese data for the 1990—-2015 period to examine
the relationship between technological innovation and CO: emissions, finding that technological innovation
increases CO2 emissions in Japan. Using a similar wavelet-based approach, Adebayo et al. (2022) investigate the
link between innovation and CO: emissions in Portugal from 1980 to 2019 and find a positive relationship across
all frequency scales. For Nigeria, Osinusi et al. (2024) investigate the effects of FDI and economic growth on
carbon emissions over the 1981-2023 period. The ARDL findings indicate that FDI has no significant impact on
emissions in the short run but increases emissions over the long run, a relationship that is further strengthened by
economic growth. Focusing on India, Tripathy et al. (2025) analyse the period from 1980 to 2014 and find that
FDI inflows raise CO2 emissions via both direct effects and indirect pathways involving energy consumption,
industrial composition, and high-carbon technologies. Finally, Zhu et al. (2025) examine the effects of city-level
technological innovation indicators on CO: emission intensity in China using spatial econometric methods and
show that higher levels of technological innovation reduce CO: emission intensity both within cities and in

neighbouring regions.

Cross-country studies further underscore the heterogeneous nature of the environment—economy relationship.

Kivyiro and Arminen (2014) investigate causal links among CO: emissions, economic development, and foreign

direct investment (FDI) in six Sub-Saharan African countries (the Republic of the Congo, the Democratic

Republic of the Congo, Kenya, South Africa, Zambia, and Zimbabwe) over the 1971-2009 period. Their ARDL
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results indicate that FDI increases CO: emissions in some countries but reduces them in others. Balsalobre-
Lorente et al. (2018), using panel data for five European countries (Germany, France, Italy, Spain, and the United
Kingdom) from 1985-2016, find that energy innovation harms CO- emissions, whereas economic growth has a
positive effect. Mensah et al. (2018) analyse the effects of economic growth and innovation on CO: emissions in
28 OECD countries for the 1990-2014 period using the fully modified ordinary least squares (FMOLS) method
and report that economic growth leads to higher emissions in many OECD countries, while innovation plays a
significant role in reducing CO: emissions in most cases. Nguyen et al. (2020), also employing the FMOLS
method, examine determinants of carbon emissions in 13 G20 countries for the 2000-2014 period and find that
factors such as FDI, technology, and innovation expenditures help mitigate emissions, whereas economic growth
increases COz emissions. Li and Zhou (2025), analysing 39 countries using quantile regression, show that FDI
increases emissions in low-CO: countries but reduces them in high-CO: countries due to technology-transfer
effects. Ayaydin et al. (2025) examine the effects of FDI on clean energy and the green transition in BRICS-T
countries over 1990-2021, using FMOLS and DOLS, and find that FDI supports the green transition by reducing
CO: emissions. Doran et al. (2025) focus on 27 European Union countries during 2017-2023 and analyse the
relationship between innovation and CO: emissions across the primary, secondary, and tertiary sectors. Their
results indicate that R&D expenditures and specific innovation indicators reduce emissions in some sectors while
increasing them in others, particularly in energy and services, thereby emphasising the context-dependent nature

of the innovation-environment relationship.

Overall, the literature suggests that policy mixes tailored to countries’ structural and institutional characteristics
are critical for achieving low-carbon objectives, particularly when addressing the effects of innovation, FDI, and
economic growth on carbon emissions. Supporting sustainable development goals aligned with each country’s
economic and technological capacity can therefore help reduce carbon emissions. Focusing on the Turkish case,
this study demonstrates that innovation, economic growth, and FDI may be positively associated with CO-
emissions. Although previous studies report varying directions and magnitudes of these effects on CO: emissions,
the present study contributes to the ongoing debate by offering a more precise, context-specific assessment for
Turkiye, thereby filling a gap in the literature on Turkey’s unique economic and environmental conditions. The

following hypotheses are examined in this study:
H1: Foreign direct investment has a positive and statistically significant effect on carbon emissions in Turkiye.
H2: Economic growth has a positive and statistically significant effect on carbon emissions in Tirkiye.

H3: Innovation has a positive and statistically significant effect on carbon emissions in Turkiye.
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METHODOLOG

This section outlines the methodological framework used to assess the effects of foreign direct investment,
economic growth, and innovation on carbon emissions in Turkiye. Descriptive statistics and pairwise correlations
are first reported to provide preliminary insights into the coherence of the specified model. The analysis then
proceeds with unit root testing to assess the variables' stationarity and the underlying time-series features of the
data. The study next adopts the ARDL bounds testing procedure, chosen for its flexibility with small sample sizes
and mixed orders of integration, to identify long-run linkages among the variables and to present the model
structures developed for the analysis. The short-run dynamics are then addressed using an error-correction model
(ECM), discussed in a separate subsection, which shows how deviations from the long-run equilibrium are
corrected over time. To ensure the robustness of the results, additional tests, such as FMOLS, DOLS, and CCR,
are conducted, providing validation for the identified relationships. Finally, the analysis concludes by applying
the Toda—Yamamoto (1995) causality test to examine causal relationships among the variables, further

strengthening the credibility of the findings.

Methodological Framework
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Source: Created by the author(s).
Unit Root Tests
If time-series variables are non-stationary, regression models based on such data may produce spurious
relationships that do not reflect the underlying reality. Therefore, before estimating any statistical model, it is
essential to test whether all series are stationary. To assess the stationarity of the series, this study applies unit
root tests as outlined by Guijarati (2004). Accordingly, both the Augmented Dickey—Fuller (ADF) and Phillips—
Perron (PP) tests are used (Dickey & Fuller, 1981; Phillips & Perron, 1988).
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The ADF test is evaluated under three alternative model specifications. To address autocorrelation, lagged
differences of the dependent variable are included in the regression, and the appropriate lag length is selected
using information criteria. The test accounts for autocorrelation parametrically and computes the test statistic
accordingly (Dickey & Fuller, 1981). The PP test is widely used as an alternative procedure for assessing the
presence of a unit root. Its test statistic is calculated using nonparametric adjustments to correct for serial
correlation and heteroskedasticity. These adjustments do not alter the asymptotic distribution of the statistic;
therefore, the PP test shares the same critical values as the ADF test and is considered more robust in many
applications (Phillips & Perron, 1988). The hypothesis structure is identical in both tests. In unit root testing, the
null hypothesis assumes the existence of a unit root, while the alternative hypothesis implies stationarity. A
rejection of the null, therefore, signals a stationary series, whereas a non-rejection points to a unit root. The main
differences between the ADF and PP tests arise from their methodological foundations. The ADF test is a
parametric approach that requires selecting an appropriate lag structure, whereas the PP test uses nonparametric
corrections and does not involve lag selection. Furthermore, the PP test is more robust to heteroskedasticity in
the disturbance terms, thereby enhancing its power in many empirical contexts (Phillips & Perron, 1988).
Autoregressive Distributed Lag (ARDL) Bounds Test

A large proportion of economic time series are non-stationary in levels and contain unit roots (Johansen &
Juselius, 1990). Models estimated directly on such series may produce spurious regression results, generating
relationships that do not exist in reality (Granger & Newbold, 1974). A common approach to reducing this risk
is to apply first-difference transformations to the series. However, differencing weakens the time-related
information in the series and may distort the structural relationships among variables (Tar1 & Yildirim, 2009).
Consequently, even if the series are non-stationary in levels, it is essential to assess whether they move together
in the long run, implying cointegration. In the literature, approaches such as those suggested by Eri¢cok and Y1ilanci
(2013) are widely used for this purpose.

Among cointegration testing methods, the ARDL bounds testing approach stands out for several advantages. Its
most important advantage is that it can be applied regardless of whether the variables are integrated of order zero
or one, 1(0) or I(1) (Pesaran et al., 2001). This flexibility reduces the need to determine the order of integration
of the variables precisely in advance. Compared with the Engle—Granger approach, the ARDL bounds test offers
more favourable statistical properties because it is conducted within the framework of an unrestricted error-
correction model (UECM) (Narayan & Narayan, 2005), making the method more attractive in practice. In
addition, it has been shown to produce reliable results even in small samples. Extensive Monte Carlo simulations
demonstrate that the bounds test outperforms the Engle—Granger and Johansen cointegration tests in samples with
limited observations (Narayan & Smyth, 2005b).

The ARDL bounds test is based on a class of autoregressive distributed lag models. Although it does not directly
address endogeneity, it follows a three-step procedure. First, the presence of a cointegration relationship among
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the variables is examined. If cointegration is detected, the second step is to estimate the long-run ARDL model
to obtain the long-run coefficients. In the final step, short-run dynamics are estimated using the ECM (Narayan
& Smyth, 2006). For the model employed in this study, the ECM equation adapted within the ARDL framework
is given as follows:

Alco2, = Bo + Xb_, BriBblco2,_; + X5 BriAlfdiy_; + XF_, BsiAlgdp,_; + Xb_, Baillino,_; + Bslco2, 4 +

Belfdip_q + Bylfdip_q + Bglino,_; + & (1)
As specified in the equations, A denotes the difference operator, o represents the constant, B1i through Pa4i capture
short-run dynamics, and s through s reflect long-run relationships. The error term is given by &, and p denotes
the lag order for the dependent and independent variables. In the bounds testing approach, the F-test is sensitive
to the choice of lag length (Bahmani-Oskooee & Goswami, 2003). Accordingly, the optimal lag length for the
variables is determined based on information criteria (Narayan & Narayan, 2005).

Once the appropriate lag length is selected, the F-test evaluates whether the level and lagged values of both the
dependent and independent variables are jointly statistically significant (Narayan & Narayan, 2005). At this stage,
the significance of lagged variables in the model is examined. The primary objective of the test is to assess the
validity of the null hypothesis that there is no long-run cointegration among the variables. In other words, the test
serves as the primary hypothesis test for determining whether a long-run equilibrium relationship is present
among the series. The null hypothesis tested in the model is expressed in the following equation.

Hy:Bs =PBs =PB7=Pg =0 (2)
The results of the F-test are compared with the critical values reported by Pesaran et al. (2001). However, because
these critical values were developed for large samples, Narayan (2005) provided alternative critical values that
are more appropriate for small samples. If the F-statistic exceeds the upper bound, the null hypothesis is rejected,
and cointegration among the variables is accepted. If the F-statistic falls below the lower bound, the null
hypothesis is accepted. When the statistic lies between the lower and upper bounds, no definitive conclusion can
be drawn (Narayan & Narayan, 2005). After confirming cointegration, an ARDL model is estimated to obtain the
long-run coefficients of the independent variables. The lag length is determined using the Akaike information

criterion, and the resulting model is expressed in the following equation.

4 p p 14
l02, = fo+. ) Pulco2e i+ ) Bailfdic i +. ) Bulgdpei+. ) Balinoe_; + & 3
=1 i=1 i=1 i=1

In the equations, o denotes the long-run intercept coefficient, B1i—P4i denote the long-run coefficients, p denotes
the lag length, and &; denotes the long-run error term.

Error Correction Mechanism
The error-correction approach is an effective way to address cointegration issues within a single-equation

framework, particularly when the parameters of interest are weakly exogenous. As proposed by Banerjee et al.
(1998), the test is formulated as an ECM derived from the OLS (Ordinary Least Squares) coefficient of the lagged
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dependent variable within an augmented ARDL structure. Once the long-run coefficients are identified using the
ARDL bounds testing approach, an ECM is constructed to estimate the short-run dynamics and the speed of
adjustment toward long-run equilibrium (Narayan & Narayan, 2005). The error-correction equations for the

model used in this study are presented below.

p p p p
Alco2, = By + Z BLiAlco2,_; + Z ByAlfdi,_; + Z BuiAlgdp,_; + Z BuiMino,_; + ByECT,_, + &, )
i=1 i=1 i=1 i=1

In the equation above, B1i—Pai denote the short-run coefficients, p is the relevant lag length, Po is the short-run
intercept, and & is the short-run error term. The coefficient B: represents the speed of adjustment, indicating the
proportion of a short-run shock that is corrected in the long run. If the coefficient on the error correction term
(ECTw1) lies between 0 and —1, the system converges smoothly towards the long-run equilibrium. If the
coefficient lies between —1 and —2, convergence occurs through damped oscillations around the equilibrium.
Values below —2 or above 0 indicate divergence from equilibrium (Alam & Quazi, 2003).

Robustness Check Tests
In this study, the ARDL findings are examined through robustness checks. For this purpose, Fully Modified

Ordinary Least Squares (FMOLS), Dynamic Ordinary Least Squares (DOLS), and Canonical Cointegrating
Regression (CCR) estimation techniques are employed. As with conventional cointegration frameworks,
FMOLS, DOLS, and CCR are applicable only when the underlying series are stationary in first differences
(Erdogan et al., 2018). However, under cointegration, standard errors from Ordinary Least Squares (OLS)
estimates are often biased. Initially proposed by Phillips and Perron for time-series modelling, the FMOLS
estimator is a regression-based approach for obtaining efficient parameter estimates in cointegrated systems
(Phillips & Perron, 1988).

The FMOLS estimator developed by Hansen and Phillips (1990) is particularly effective at correcting biases
arising from serial correlation and endogeneity between the regressors and the error term. Similarly, the DOLS
estimator proposed by Stock and Watson (1993) is an important technique for eliminating endogeneity between
the explanatory variables and the error term.

On the other hand, the CCR estimator developed by Park (1992) is designed to address biases associated with
conventional OLS estimation. The CCR approach aims to asymptotically eliminate endogeneity by transforming
the variables using the long-run covariance matrix. This transformation is particularly used to address
endogeneity arising from long-run correlations (Mehmood et al., 2014).

Toda-Yamamoto (1995) Causality Tests
After determining the direction of the coefficients from ARDL results and robustness checks, causal relationships

among the variables are examined using the Toda—Yamamoto (1995) causality test. The Toda—Yamamoto
approach provides reliable results regardless of the stationarity and cointegration properties of the series in

Granger causality analysis. Traditional Granger causality tests rely on the assumption of stationarity and may
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yield biased results when applied to integrated or cointegrated processes. In this context, Toda and Yamamoto
(1995) developed a method that preserves the asymptotic distribution properties of standard Wald tests by
incorporating augmented lag lengths into a Vector Autoregressive (VAR) framework. Dolado and Litkepohl
(1996) further supported this framework by examining the reliability of Wald tests, particularly in the presence
of cointegration.

The method is based on determining the maximum order of integration d,,,,, Of the series, followed by selecting
the optimal lag length k according to information criteria. A VAR model is then estimated in levels by

including k + d,,4,. The models estimated for x and y are presented in the following equations.

k+dmax k+dmax
Ve =¢1+ z Y1iYe—i + Z W1iXe—i T €1 (5)
i=1 i=1
K+dmax kt+dmayx
Xe = ¢y + Z Yojxej+ Z W2jYi—j + €yt (6)
= i=1

Here, k denotes the optimal lag length, and d,,,,, represents the maximum order of integration of the series, that
is, the highest degree of differencing required to achieve stationarity across the variables. The terms x and y
denote two distinct time series, ¢: and ¢2 denote the intercept terms, and yii—\2; and ®1i—m2;j denote the coefficients
associated with the lagged values of the respective variables. The test is applied only to the coefficients
corresponding to the first k lags. The null hypothesis (Ho) is that x does not Granger-cause y, indicating no causal
relationship from the independent variable to the dependent variable (Toda & Yamamoto, 1995). In this
formulation, Ho corresponds to the case in which the lagged coefficients of the x series are jointly equal to zero,
as shown in the following equation:

Ho:wy; = wai = =wy; =0 (7)
One of the most important advantages of the Toda—Yamamoto (1995) approach is that it provides reliable
statistical inference regardless of the series' integration order and cointegration properties. By reducing biases
from incorrect differencing or errors in cointegration testing, this method offers a robust framework for causality
analysis (Rambaldi & Doran, 1996).

Data Set and Model
Drawing on annual observations from 1996 to 2023, this study examines how foreign direct investment, economic

growth, and innovation affect carbon emissions in Turkiye. The variables include total carbon dioxide emissions,
foreign direct investment (net inflows as a percentage of GDP), GDP per capita (constant 2015 US dollars), and
research and development expenditure (as a percentage of GDP). Details of variable abbreviations, indicators,

measurement units, model specifications, and data sources are provided in Table 1 below.
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Table 1: Variable Description

Abbreviation Variable Measurement Role Source
Ico; Carbon emissions Carbon dioxide (CO,) emissions (total) Dependent WDI
excluding LULUCF (Mt CO.e)

Ifdi Foreign direct Foreign direct investment, net inflows (% of Independent WDI
investment GDP)

lgdp Economic growth GDP per capita (constant 2015 US$) Independent WDI

lino Innovation Research and development expenditure (% of | Independent WDI
GDP)

Source: Created by the author(s).

The dependent variable in this study is carbon emissions, defined as the total CO: released into the atmosphere
from human activities. Carbon emissions are closely linked to production and energy consumption, and
environmental pressure generally rises with economic growth. For this reason, carbon emissions are a key
indicator of environmental sustainability.

Foreign direct investment is included as an independent variable, measured as its share of gross domestic product.
It contributes to economic growth by increasing capital accumulation and productivity. However, because short-
term capital flows can create financial vulnerability, the quality and sustainability of the investment structure are
critical. Economic growth is measured by real GDP per capita, which reflects an economy's level of welfare and
productive capacity. Rising income levels may indirectly affect carbon emissions by increasing energy demand
and production activity. Innovation is also included as an independent variable, measured by research and
development expenditure as a percentage of GDP. R&D activities are essential for developing technologies that
enhance energy efficiency and reduce environmental impacts. In this respect, innovation is considered a factor
that strengthens the balance between economic growth and environmental quality (World Bank, 2024a).

The model is developed from the existing literature. A correlation analysis is conducted to provide preliminary
insights into the direction and strength of linear relationships among the variables. This analysis provides a
foundation for subsequent econometric tests by outlining the general framework of interactions among the
variables (Tosunoglu, 2024). Within this framework, all variables are consistently measured. Table 2 below
summarises the descriptive statistics and correlations of the variables included in this study.

Table 2: Descriptive Statistics and Correlation Relationships of the Variables

Variables Ico, Ifdi lgdp lino
Ico, 1
Ifdi 0.57 1
lgdp 0.98 0.53 1
lino 0.97 0.51 0.96 1
Mean 5.712 0.109 9.083 -0.286
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Standard 0.289 0.700 0.297 0.423

Deviation

Minimum 5.271 -1.186 8.676 -1.017

Maximum 6.133 1.288 9.597 0.338
Number of observations (N): 28

Source: Created by the author(s).

The preliminary assessment based on the descriptive statistics indicates that all variables are free of outliers.
According to the correlation results, the relationships between Icoz and Ifdi, Igdp, and lino are positive, with
correlation coefficients of 57%, 98%, and 97%, respectively. The robust correlation between carbon emissions
and economic growth is particularly noteworthy. Likewise, the similarly high correlation between carbon
emissions and innovation is equally striking. These findings point to a strong structural relationship within the
proposed model.

As a preliminary assessment, the relatively low correlation coefficients among the independent variables suggest
the absence of a serious multicollinearity problem. Nevertheless, to provide a more robust evaluation,
multicollinearity was further examined using the Variance Inflation Factor (VIF) test. The corresponding VIF
results are presented in Table 3.

Table 3: VIF Test Results

Variables VIF 1/VIF
Lfdi 1.385 0.722
Lgdp 1.753 0.570
lino 1.901 0.526
Mean 1.679

Source: Created by the author(s).

According to the VIF results, the Variance Inflation Factor values for all variables are below the critical threshold
of 5 (VIF < 5). This indicates that multicollinearity is not a significant concern among the variables included in
the model.

Time-series methods, including the ARDL bounds testing procedure and the error correction model (ECM), are
used to examine how foreign direct investment, economic growth, and innovation influence environmental
outcomes, particularly carbon emissions, in Turkiye. These methods are widely used in the literature because
they deliver robust, effective results with relatively few observations (N = 28). The mathematical form of the
model used in the study is presented below.

lco2 = f(Ifdi, lgdp,lino) (8)
In the function above, Icoz represents the model's dependent variable, while Ifdi, Igdp, and lino denote the
explanatory variables included in this study. For this study, all variables are log-transformed, allowing the

estimated coefficients to be interpreted as elasticities (Polat et al., 2025).
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FINDINGS AND DISCUSSION

One of the main advantages of the ARDL bounds testing approach is that it can be applied regardless of whether
the variables under investigation are integrated of order I(0) or I(1) (Pesaran et al., 2001; Akpimar & Celik, 2025).
However, to assess the applicability of the ARDL bounds test, unit root tests were first conducted to account for

the possibility that the series might be integrated of order 1(2). The results of the unit root tests are as follows:

Table 4: Unit Root Test Results

ADF PP
Variables c c/t c c/t
Ico, -0.862 -2.434 -0.951 -2.402
Ifdi -2.372 -2.298 -2.299 -2.289
lgdp 0.413 -4.402** 0.4127 -2.548
lino -0.384 -2.278 -0.384 -3.623**
Alco; -5.004*** -5.821%** -6.221*** -6.171%**
Alfdi -5.757*** -4.634*** -6.304*** -7.879%**
Algdp -4.761%** -4.878%** -4.761*** -4.878%**
Alino -1.222%** -7.155%** -1.222%** -7.155%**

Notes: For the ADF test, the maximum lag length was set to 3 and selected based on the Akaike Information Criterion
(AIC). Values in parentheses indicate probability values. *, **, and *** denote significance at the 10%, 5%, and 1%
levels, respectively. For the PP test, the bandwidth was determined using the Newey—West method, and the Bartlett
kernel estimator was employed.

Source: Created by the author(s).

Based on the ADF and PP test results, the variables exhibit a unit root at the level but become stationary after
first differencing. Accordingly, all series are 1(1), and since none are 1(2), the ARDL bounds test is appropriate.

The corresponding results are presented in Table 5 below.
Table 5: ARDL Bounds F-Test Results

Bounds Test Critical
Optlmal Lag ) .. Values ..
Model Length F-statistic i0) T8 Decision
lco2 = f(lfdi,lgdp,lino) | (1,2,1,0) 5.124 3.615 4913 Cointegration

Source: Created by the author(s).

Table 4 presents the ARDL bounds test results for the model under study. At the 5% significance level, the critical
bounds for the F-statistic are 3.615 (lower) and 4.913 (upper). As the observed F-statistic exceeds the upper
bound, the null hypothesis of no cointegration is rejected, indicating a long-run equilibrium relationship among

the variables at the 5% significance level.
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Given the confirmed long-run cointegration relationship indicated by the ARDL bounds F-test, long-run ARDL
estimates are then carried out. For the F-test findings to be considered robust, the estimated models must satisfy
essential statistical assumptions. The diagnostic checks used to evaluate these assumptions, along with their
findings, are shown in Table 6 below.

Table 6: Diagnostic Tests of the ARDL Models

Test Hypothesis Test statistics

Ramsey Reset No model specification error. 0.423
(0.5244)
Breusch-Godfrey LM No autocorrelation problem. 0.018913
(0.9813)

Breusch- Pagan LM No heteroskedasticity problem. 0.800
(0.5976)

Notes: Values reported in parentheses are the probability values of the F-statistics.

Source: Created by the author(s).

The results of the diagnostic tests indicate that the null hypotheses cannot be rejected. Accordingly, it is concluded
that the model does not exhibit autocorrelation or heteroskedasticity and that there is no model specification error.
Finally, it is necessary to verify whether the series’ parameter estimates satisfy the stability criteria. For this
purpose, the stability of the estimated ARDL model and the presence of possible structural breaks are assessed
using the CUSUM (cumulative sum control chart) and CUSUMSQ (cumulative sum of squares) tests developed
by Brown et al. (1975). Based on the graphical evidence, it is concluded that there is no structural break in the
estimated coefficients at the 5% significance level and that the coefficients are stable over the sample period. The
results of the CUSUM and CUSUMSQ tests are presented in Figure 6.
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Figure 6: CUSUM and CUSUM (Q) Plots for Model 1
Source: Created by the author(s).

Once a long-run cointegration relationship among the variables was identified using the ARDL bounds F-test,
the long-run ARDL coefficients were then calculated. The results are reported in Table 7 below. All coefficients
are statistically significant at the 1% level. The results indicate that a 10% increase in Ifdi raises Ico. by
approximately 0.6%, a 10% increase in lgdp raises Ico. by about 5%, and a 10% increase in lino increases lcoz
by around 3%.
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Table 7: Long-Run ARDL Coefficient Estimates

Variables Coefficients Standard Error t-Statistic Probability
Ifdi 0.058*** 0.018 2.857 0.0105
lgdp 0.417*** 0.126 3.312 0.0039
lino 0.304*** 0.083 3.659 0.0018
Notes: *, **, and *** indicate significance at the 10%, 5%, and 1% levels, respectively.

Source: Created by the author(s).

Table 8 presents the error-correction model (ECM) results, which measure the speed at which deviations from

the long-run equilibrium are corrected.

Table 8: Error Correction Model Results
Coefficient Standard error t-Statistic Probability
ECTt-1 -0.809*** 0.166 -4.889 0.0001
Notes: *, **, and *** indicate significance at the 10%, 5%, and 1% levels, respectively.

Variables

Source: Created by the author(s).

The table above presents the error-correction model (ECM) coefficients for the constructed model. ECT;_,
denotes the coefficient of the model's error correction term and is estimated at -0.809. As this value lies between
-1 and -2, according to Alam and Quazi's (2003) approach, it indicates that the system exhibits damped

oscillations around the equilibrium as it converges to the long-run balance.

Although the error-correction coefficient appears statistically significant, interpreting its significance based solely
on the p-value is unreliable. Therefore, a boundary test should also be applied to the t-statistic. This test is
conducted to assess the effectiveness of the ECT;_, coefficient in the adjustment process towards the long-run
equilibrium.

Table 9: Error Correction Coefficient t-Bound Test

Critical Values of the Bound Test

1(0) 1 (1)
-4.889 -3.43 -4.37

t-Statistic

Source: Created by the author(s).

Table 9 above presents the t-bound tests of the error-correction coefficient for the constructed model.
Accordingly, at the 1% significance level, the critical values for the t-statistic are -3.43 for the lower bound and
-4.37 for the upper bound. In this case, the ECT;_, coefficient is statistically significant at the 1% level, indicating

that the model is effective.

This implies that a short-term deviation is corrected approximately 1.25 years (1/0.8) later, restoring the long-run

equilibrium. Therefore, any short-term deviation in the model is corrected in roughly 16 months, reaching long-
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term balance. The ARDL findings have been validated through FMOLS, DOLS, and CCR robustness tests. The

results of these robustness tests are presented in Table 10.

Table 10: Robustness Check Estimation Results

Model Variables Coefficients Standard t-Statistic Probability
Error

FMOLS Ifdi 0.042*** 0.013 3.277 0.003
lgdp 0.496*** 0.098 5.080 0.000
lino 0.282*** 0.067 4.195 0.000

DOLS Ifdi 0.028* 0.015 1.951 0.062
lgdp 0.564*** 0.113 4.992 0.000
lino 0.260*** 0.078 3.322 0.000

CCR Ifdi 0.046*** 0.014 3.380 0.000
lgdp 0.444*** 0.116 3.843 0.000
lino 0.311*** 0.076 4.060 0.000

Notes: *, **, and *** indicate significance at the 10%, 5%, and 1% levels, respectively.

Source: Created by the author(s).

The FMOLS and CCR findings are statistically significant at the 1% level, and their coefficient signs and
magnitudes closely match the ARDL results, providing strong support. The DOLS results are statistically
significant at the 10% level, and their coefficient signs and magnitudes are also very close to those of the ARDL
findings, again providing substantial support. Both the ARDL and robustness test results clearly indicate that
FDI, LGDP, and LINO have a positive effect on LCO>. In addition to determining the direction of these
relationships, causality was examined using the Toda—Yamamoto (1995) causality test. The results of this test are

presented in Table 11.

Table 11: Toda-Yamamoto (1995) Causality Test Results

Hypotesis Stat. Prob.
Ifdi is not a Granger cause of Ico, 8.426** 0.014
Igdp is not a Granger cause of Ico, 35.247*** 0.000
lino is not a Granger cause of Ico, 28.370*** 0.000
Igdp is not a Granger cause of Ifdi 6.224** 0.044
Ifdi is not a Granger cause of lino 8.642** 0.013
lgdp is not a Granger cause of lino 15.528*** 0.000
VAR Model Specification

VAR (1 3) Model Stat. Prob.
Het: No heteroskedasticity 149.306 0.717
Autl: No first-order autocorrelation 19.069 0.308
Aut2: No second-order autocorrelation 9.585 0.901
Roots of Characteristic Polyniminal: 0.991, 0.924, 0.924, 0.890, 0.841, 0.841, 0.723, 0.723, 0.580, 0.580,
No root lies outside the unit circle. Var 0.527,0.322
satisfies the stability condition.
Note: *, ** and *** indicate significance at the 10%, 5%, and 1% levels, respectively.

Source: Created by the author(s).
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The table above presents the Toda—Yamamoto (1995) causality test results. Before conducting these tests, the
appropriate VAR model was determined by selecting the optimal lag length. The optimal lag length was found
to be (1 3), and no issues of heteroskedasticity or autocorrelation were detected. Additionally, the characteristic
polynomial roots were all within the unit circle (<1.00), indicating that the model satisfies the stability condition.
After confirming the suitable VAR specification, the Toda—Yamamoto (1995) causality test results were obtained.
According to these results, LINO is a Granger cause of LCO3; LFDI is a Granger cause of LCO»; and LGDP is a
Granger cause of LCOz (LFDI — LCO2, LGDP — LCO», LINO — LCO,). Furthermore, LGDP is a Granger
cause of LFDI; LGDP is a Granger cause of LINO; and LFDI is a Granger cause of LINO (LGDP — LINO,
LGDP — LFDI, LFDI — LINO). To enhance clarity and readability, these relationships are visualised in the
schematic diagram below.

Overall, the empirical findings can be interpreted as follows. The results obtained from the ARDL long-run
estimates (Table 7) and supported by the robustness checks (Table 10) consistently indicate that economic growth,
foreign direct investment, and innovation exert a positive and statistically significant effect on CO2 emissions in
Turkiye. Furthermore, the causality results (Table 11) reveal that these variables are not only associated with

carbon emissions but also act as driving forces behind environmental degradation.

These findings suggest that technological innovation in Turkiye has not yet been sufficiently oriented towards
environmentally sustainable outcomes. Although innovation is theoretically expected to reduce carbon emissions
through improvements in energy efficiency and the adoption of cleaner technologies, the empirical results
indicate that, in the Turkish context, innovation is still largely associated with production expansion and energy-
intensive activities. This implies that the current structure of innovation is more growth-driven than
environmentally driven. In this regard, the positive impact of innovation on CO- emissions can be interpreted as
evidence that green innovation policies and environmentally focused R&D investments remain relatively limited.
Therefore, the environmental effectiveness of innovation in Tlrkiye appears to depend not only on the level of

R&D expenditure but also on its direction and sectoral composition.

ling

lgdp Ifdi

Figure 7: Toda-Yamamoto (1995) Causality Test Schematic
Source: Created by the author(s).

InTraders International Trade Academic Journal, Volume 9, Issue 1, 2026
www.intraders.org
127



| InTraders Journal 9(1),2026|
The Environmental Impacts of Capital Flows, Growth Rhythms, and Innovation: Findings from Turkiye

CONCLUSION AND POLICY RECOMMENDATIONS

This study examined the complex relationships among carbon emissions, FDI, economic growth, and innovation
in Turkey over the period 1996-2023 using the ARDL bounds testing approach and the error-correction
mechanism. The relationships identified by the ARDL tests were subsequently supported by robustness checks
(FMOLS, DOLS, CCR). Finally, the Toda—Yamamoto causality test was employed to analyse the causal
relationships among the variables. Consistent with the research objectives and the hypotheses proposed in this
study, the ARDL results indicate that, at the 1% significance level, a 10% change in LFDI, LGDP, and LINO
increases LCO> by approximately 0.6%, 4.1%, and 3.0%, respectively. The robustness tests further confirmed
these findings by showing consistent signs and magnitudes of the coefficients. The Toda—Yamamoto (1995)
causality test results reveal unidirectional Granger causality from LFDI, LGDP, and LINO to LCO> (LFDI —
LCO,, LGDP — LCO2, LINO — LCOy), as well as unidirectional causality among the explanatory variables
themselves (LGDP — LINO, LGDP — LFDI, LFDI — LINO).

The findings suggest that production and growth dynamics in the Turkish economy remain heavily reliant on
high-carbon-intensive sectors, indicating that economic expansion has occurred at the expense of environmental
sustainability. In particular, FDI tends to flow into energy-intensive rather than environmentally friendly
technologies, a key determinant of this outcome. Similarly, the current innovation structure prioritises production
capacity over environmental efficiency, limiting its potential to reduce carbon emissions. Examining short-term
dynamics shows that temporary deviations in the system are corrected within approximately 16 months, returning
to the long-run equilibrium. This indicates the presence of an adjustment mechanism between environmental and
economic indicators in Turkey, although long-term sustainability policies are not yet fully embedded. These
results underscore the importance of rapid policy responses and effective intervention strategies to mitigate short-
term shocks.

In light of these findings, promoting environmentally friendly, low-carbon technologies in energy-intensive
sectors is essential to reduce carbon emissions and support sustainable economic growth in Turkey.
Environmental criteria should guide FDI allocation, particularly by directing foreign investments towards low-
carbon and high-tech sectors such as renewable energy, energy efficiency technologies, and sustainable
infrastructure. Similarly, innovation policies should prioritise environmentally oriented R&D activities, including
green technologies and clean production processes, rather than focusing solely on production expansion.
Moreover, strengthening economic and environmental mechanisms that can absorb temporary fluctuations while

maintaining long-run balance will facilitate sustainable transformation in high-carbon sectors.

Comparing the study’s findings with the existing literature, the observed positive effect of LGDP on LCO; aligns
with previous studies (Gokmenoglu & Taspinar, 2016; Mensah et al., 2018; Benli, 2020; Nguyen et al., 2020;

Giltekin, 2023), whereas findings suggesting that LGDP reduces LCO:z do not align with the literature (Tekbas
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& Yildirim, 2023). This indicates that the impact of economic growth on CO2 emissions varies across countries
or country groups, and that during the study period, environmental considerations were not a primary factor in
Turkey’s economic growth dynamics. Similarly, the finding that LFDI increases LCO3 is consistent with prior
studies (Kivyiro & Arminen, 2014; Benli, 2020; Qoyash & Eren, 2022), whereas findings suggesting a reduction
in LCO2 do not align with the literature (Nguyen et al., 2020; Ayaydin et al., 2025). FDI during the examined
period exerted environmental pressure in Turkey, supporting the pollution haven hypothesis. The observed
positive effect of LINO on LCO: is consistent with previous studies (Adeyabo & Kirikkaleli, 2021; Qoyash &
Eren, 2022; Tekbas & Yildirim, 2023), whereas findings suggesting a reduction in LCO> are inconsistent with
the literature (Mensah et al., 2018; Khan et al., 2020; Gultekin, 2023; Zhu et al., 2025). Although the impact of
innovation on environmental dynamics varies across countries and country groups, in developing Turkey, policies

prioritising innovation for environmental mitigation remain relatively limited.

This study faced certain limitations, the most important of which was the data period of 1996-2023. This period
was selected because research and development data for Turkey are available without interruption only since
1996. Consequently, data consistency was ensured within this period. Although the sample size of 28 observations
is relatively small, this limitation was addressed by applying the ARDL bounds testing approach, which is

effective in small samples and accounts for the structure of the Turkish dataset.

Overall, the findings emphasise the need to integrate economic growth and FDI policies with environmental
sustainability objectives. Promoting technology-driven innovation to reduce carbon emissions, accelerating the
energy transition, and implementing investment policies that incorporate environmental criteria will play a critical
role in Turkey’s pursuit of low-carbon development. Moreover, the share of foreign investment in innovation
should be carefully considered, as FDI can increase emissions and contribute to environmental pollution.
Therefore, the role of foreign investment in technological advancement is highly significant. Future studies should
examine how FDI and innovation dynamics affect the environment across countries with varying levels of
development, providing valuable insights into the complex relationship among FDI, innovation, and
environmental outcomes. These findings highlight that the environmental impact of growth and investment in
Turkiye is not only a matter of scale but also critically depends on the quality and direction of economic and

technological transformation.

Data availability
Data will be made available on request
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APPENDIX
List of Abbreviations

ABBREVIATION/ SYMBOL DESCRIPTION
ABD United States of America
ADF Augmented Dickey-Fuller
ARDL Autoregressive Distributed Lag Test
CCR Canonical Cointegrating Regression
CCR Canonical Cointegrating Regression
CO: Carbon Dioxide Emissions
CUSUM Cumulative Sum Control Chart
CUSUMSQ Cumulative Sum of Squares
DOLS Dynamic Ordinary Least Squares
OLS Ordinary Least Squares
FDI Foreign Direct Investment
FMOLS Fully Modified Ordinary Least Squares
G-20 Group of 20
GDP Gross Domestic Product/ Economic Growth
IEA International Energy Agency
IPCC Intergovernmental Panel on Climate Change
LCO, Carbon Emissions
LiNO Innovation
N Number of Observations
OLS Ordinary Least Squares
PP Phillips-Perron
R&D Research and Development
SDG Sustainable Development Goals
UECM Unrestricted Error Correction Model
VAR Vector Autoregressive
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Abstract

The purpose of this study is to investigate the effect of export diversification (ED) on economic growth (EG) in
10 Big Emerging Market (BEM) economies using new-generation econometric methods. The methodology uses
Panel Quantile Regression and the Common Correlated Effects (CCE) estimator to examine the impact of
independent variables across different quantiles of the growth distribution. In addition, to capture country-specific
dynamics, the Kénya (2006) SUR-based panel causality test is employed. The findings reveal that ED, fixed
capital formation, and economic globalisation have positive effects on EG across quantiles. The causality results
further indicate that the direction of the relationship between ED and growth differs across countries, with both
unidirectional and bidirectional causal linkages identified. The main contribution of this study is to provide a
comprehensive analysis of the ED—growth nexus by examining different growth quantiles and accounting for
cross-sectional dependence and country heterogeneity using new-generation econometric methods. The results
highlight the importance of ED policies for achieving sustainable economic growth in emerging market
economies.

Keywords: Export Diversification, Economic Growth, Economic Globalisation, BEM Economies
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INTRODUCTION

The pursuit of economic growth (EG) has been identified as a fundamental objective of national development,
with foreign trade recognized as one of the most substantial determinants of this process. A substantial consensus
exists within the extant literature on the direct impact of foreign trade on EG (Balassa, 1978; Edwards, 1998;
Frankel & Romer, 1999). These effects are examined within the framework of the export-led growth hypothesis,

which posits that exports enable countries to expand production capacity, access external resources, and enhance
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competitiveness in global markets. The determining role of exports on EG has been examined from different
perspectives in the theoretical framework.

Classical foreign trade theories, particularly Ricardo's theory of comparative advantage and the factor endowment
theory, argue that countries should specialise in certain products to gain a competitive advantage. According to
this approach, EG can be achieved through export orientation and specialisation in specific products (Krugman
et al., 2018). However, modern approaches have revealed that exporting product diversity, rather than
specialisation, is more effective for growth, especially in developing countries (Cadot et al., 2011; Hausmann et
al., 2007).

Foreign trade diversification can be achieved by countries focusing on different product groups and ensuring
diversity in foreign markets. Export diversity can make countries' export baskets more resistant to external shocks
by allowing trade in a wider range of products (Imbs & Wacziarg, 2003). This approach has become increasingly
significant in modern trade theory, especially within the framework of the "new trade theories.” Krugman (1991)
and Romer (1990) emphasise that economies of scale and product diversification are among the main factors
supporting EG. In this framework, ED is considered a strategic factor that ensures EG's sustainability and

increases foreign trade volume.

The relationship between ED and EG is examined in the literature within a bidirectional interaction framework.
On the one hand, an increase in product diversity triggers EG by increasing production capacity and technological
advancement level (Imbs & Wacziarg, 2003); on the other hand, high growth rates enable the development of
new sectors and the expansion of the export portfolio (Cadot et al., 2011). This mutual interaction is of strategic

importance for policymakers, especially in emerging market economies.

The effect of diversification or concentration of the export structure on growth varies depending on a country's
level of development. In developing countries, ED plays a critical role in ensuring the sustainability of growth.
This is because the foreign trade of these countries is generally based on a limited number of low-value-added
and commodity-based products (Hesse, 2008). The concentration of exports in a limited range of products renders
these countries more susceptible to external shocks. However, an increase in product diversification presents a
significant opportunity to develop new sectors and maintain resilience in the face of global fluctuations
(Hausmann et al., 2007; Lederman & Maloney, 2012). Considering this context, ED is not only a foreign trade
strategy for developing countries, but also a fundamental factor for structural transformation and stable EG
(Aditya & Acharyya, 2013). On the other hand, since developed countries already have a diversified and high-
technology-intensive export structure, the main dynamic supporting growth in these economies is export
concentration through deepening and specialisation in certain high-value-added sectors (Persson & Wilhelmsson,
2016). For example, Germany's stability in automotive and machinery-equipment exports, Switzerland's global

leadership in the pharmaceuticals and chemical sectors, or Japan's specialisation in precision electronic products
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indicates that EG in developed countries can be sustained through export concentration. In this regard, export
concentration contributes positively to EG in developed economies by enhancing productivity through

competitiveness and economies of scale (Agosin, 2009; Parteka & Tamberi, 2013).

In the literature, the differences arising from countries' levels of development are also supported by empirical
evidence. For instance, Hesse (2008) demonstrates that ED has a crucial and positive impact on EG in low-income
countries, whereas this effect weakens in high-income economies. Similarly, Cadot et al. (2011) show that ED is
more effective in the early stages of growth, but as income levels increase, specialisation becomes more
prominent. Imbs and Wacziarg (2003) also define the relationship between ED and per capita GDP as an "inverted
U". Accordingly, in the early stages of development, ED increases EG; however, after a certain income level, the
process tends to shift towards export intensification. Therefore, ED is considered a critical strategy for developing

countries due to its positive effects on EG (Gozgor & Can, 2016a).

The goal of the present study is to determine the contributions of ED and globalisation to EG processes in big
emerging market economies using new-generation econometric methods. These countries have been selected for
their high growth rates in recent years, increasing foreign trade volumes and their prominent role in global supply
chains. These countries represent approximately 46% of the world population, more than 30% of global GDP and
25% of global exports (World Bank, 2025). There are also notable differences in their export structures. For
instance, according to the Herfindahl-Hirschman Index (HHI) data provided by UNCTAD, countries such as
China, Turkiye, and India have experienced an increase in ED over the past three decades, whereas commodity-
intensive economies like Brazil and Indonesia exhibit a tendency toward export concentration (UNCTAD, 2025).

These differences show that the impact of export structure on EG varies across countries.

Despite the growing body of literature on ED and EG, several important gaps remain. First, existing studies
predominantly focus on average effects, thereby overlooking distributional heterogeneity across different levels
of EG. Second, the joint role of ED, economic globalisation, and capital formation has not been sufficiently

examined within a unified empirical framework, particularly in the context of BEM economies.

This study contributes to the literature in several important ways. It employs panel quantile regression to capture
heterogeneous effects of ED across different growth quantiles. In addition, it accounts for cross-sectional
dependence and slope heterogeneity using advanced panel data techniques, including the CCE estimator and the
Koénya (2006) causality test. By incorporating economic globalisation and capital formation alongside ED, the
study provides a more comprehensive analysis of growth dynamics in emerging economies. Furthermore, the
country-specific causality results offer policy-relevant insights that cannot be obtained from conventional panel

estimators.

The remainder of the paper is structured as follows: Section 2 reviews the relevant literature; Section 3 presents
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the data, methodology, and empirical findings; and Section 4 provides conclusions and policy implications.
LITERATURE REVIEW

The relationship between ED and EG has attracted considerable attention in both theoretical and empirical
literature. Despite the relatively limited number of studies directly focusing on this nexus, a broad consensus has
emerged suggesting that ED constitutes a significant driver of economic performance, particularly in developing

economies.

From a theoretical perspective, the positive role of ED in fostering EG can be explained through several
complementary mechanisms. Early contributions such as Love (1986) emphasise that diversification enhances
economic stability by reducing vulnerability to external shocks. Similarly, Acemoglu and Zilibotti (1997) argue
that diversification allows risks to be distributed across a broader investment portfolio, thereby supporting higher
income levels. In endogenous growth theory, Romer (1990) conceptualises diversification as an expansion in the
variety of intermediate inputs, thereby increasing productivity and fostering long-term growth. Supporting this
view, Sarin et al. (2020) demonstrate, through a meta-analysis, that ED positively affects EG in the vast majority
of empirical cases, reinforcing the robustness of this relationship.

Empirical evidence at the country level largely supports the growth-enhancing role of ED. For instance, Herzer
and Nowak-Lehnmann (2006) provide evidence from Chile that ED significantly contributes to growth within a
Cobb-Douglas production framework. Similar findings are reported for Malaysia (Arip et al., 2010), Cameroon
(Forgha et al., 2014), South Africa (Mudenda et al., 2014), Mauritius (Sannassee et al., 2014), Ethiopia (Tesfay,
2016), and Morocco (Lotfi & Karim, 2017), all indicating a positive association between diversification and
economic performance. In the case of Nigeria, Duru and Ehidiamhen (2018) confirm a positive but statistically
insignificant effect, suggesting that country-specific structural factors may influence the strength of this
relationship.

Evidence from Tiirkiye remains mixed. Acaravci and Kargi (2015) find no long-run relationship or causality
between ED and EG. In contrast, subsequent studies by Altun and Benli (2021) and Doru and Dabakoglu (2025)
report a positive impact of ED on growth. Similarly, while Ali et al. (2023) find no significant effect in Sudan,
studies on Bangladesh (Azam & Azam, 2023) and Zimbabwe (Zhou & Nyandoro, 2023) reveal strong positive
effects, indicating that the ED—EG nexus is highly context-dependent.

The direction of causality between ED and EG has also been investigated, although the literature remains
relatively limited in this regard. Siddiqui (2018) identifies a unidirectional causality from ED to EG in Pakistan,
while Shadab (2021) reports similar findings for the United Arab Emirates. However, other studies suggest
bidirectional or growth-led diversification dynamics, implying that the interaction between ED and EG may vary
across countries and development stages.
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Beyond individual-country analyses, a substantial body of research focuses on country groups, offering more
generalisable insights. Gutiérrez de Pineres and Ferrantino (2000) document a positive relationship between ED
and EG in Latin America, while Feenstra and Kee (2004) show that a 1% increase in ED leads to a measurable
increase in productivity across 34 countries. Similarly, Agosin (2009) finds that ED significantly promotes growth
in East Asian and Latin American economies. Studies focusing on European Union countries (Misztal, 2011) and
BRICS economies (Naudé & Rossouw, 2011; Siswana & Phiri, 2021) also confirm the growth-enhancing role of
diversification. In addition, evidence from Central and Eastern European transition economies indicates that the
growth effects of export structure are time-dependent. While export concentration supported growth prior to the
2008 global financial crisis, ED became more effective in mitigating growth slowdowns in the post-crisis period
(Gurgul & Lach, 2013).

Further evidence highlights the importance of development level and structural conditions in shaping the export
diversification—growth nexus. Aditya and Acharyya (2013) show that both ED and export composition are
important determinants of EG, with their effects varying with the level of export concentration, suggesting a
nonlinear relationship. Similarly, Trinh and Thuy (2021) identify a threshold effect: ED promotes EG only after
exceeding a certain level, while its impact remains insignificant below this threshold. In a broader cross-country
context, Gozgor and Can (2016b, 2017) provide additional evidence that ED positively affects growth across
different income groups and exhibits significant causal relationships. However, country-specific evidence
suggests that this relationship may not be uniform; for instance, Sunaryati (2015) finds that while EG Granger-
causes ED in some ASEAN countries, no causal relationship is detected in others, pointing to heterogeneous
dynamics across economies. Taken together, these findings suggest that the growth effects of ED are conditional

rather than uniform, depending on countries’ structural characteristics and development stages.

However, not all studies reach consistent conclusions. For example, Benli (2020) fails to detect a long-run
relationship in emerging markets, while Carrasco and Tovar-Garcia (2021) find no significant impact of ED on
growth in developing countries. In contrast, Mclntyre et al. (2018) argue that diversification primarily reduces
output volatility rather than directly enhancing long-term growth. These mixed findings suggest that the ED-EG
relationship is influenced by methodological differences, country-specific characteristics, and institutional

factors.

More recent studies continue to support the positive role of ED. Fu et al. (2017) show that diversified export
structures contribute to higher growth in Chinese provinces, while Lee and Zhang (2022) demonstrate that ED
enhances growth and reduces volatility in low-income countries. Similarly, Hamed et al. (2014), Rondeau and
Roudaut (2014), Matezo et al. (2021), and Alshomaly and Shawaqfeh (2020) provide strong empirical evidence

supporting the growth-enhancing effects of diversification, particularly in developing and emerging economies.

Overall, the empirical literature suggests that ED generally supports EG, although the strength and direction of
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this relationship vary across countries and income levels. Moreover, most existing studies rely on conventional
econometric approaches that focus on average effects and may overlook distributional heterogeneity, cross-
sectional dependence, and nonlinear dynamics. In this context, there remains a clear need for studies that employ
advanced panel data techniques capable of capturing these complexities, particularly in the case of BEM
economies. Accordingly, the present study contributes to the literature by jointly analysing ED, economic
globalisation, and capital formation using panel quantile regression and country-specific causality methods,
thereby providing a more comprehensive and distribution-sensitive assessment of growth dynamics in emerging

economies.
METHOD, DATA, AND ANALYSIS

In this study, the impact of export product diversification, gross fixed capital formation, and economic
globalisation on GDP per capita has been examined using panel data analysis for the period 1995-2022, within
the context of big emerging economies (Argentina, Brazil, China, India, Indonesia, Mexico, Poland, South Africa,
South Korea, and Turkiye). The mathematical expression of the econometric model, which is used in the present
study, is given below:

LnGDP, = B, + B,LnDIV,, + B,LnGFCF;, + B;LnEGLB;, + j; (1)

In Equation (1), Ln denotes the natural logarithm, the i sub-indices represent the cross-sectional dimension
(countries), and t denotes the time dimension. The model parameters Po, B1, B2, and Bs correspond to the estimated
coefficients, while p represents the error term. The variables used in the analysis, along with detailed

explanations, are provided in Table 1.

Table 1. Explanation of the Variables Included in the Model

Country/ Period Variables Explanations Shorts Source
. GDP per capita (constant
Economic Growth 2015 USS) GDP World Bank
(Big Emerging  Export Diversification Herfmdalrrl]léglrschman DIV UNCTAD
Countries) Gross Fixed Capital
1995-2022 ~ap % of GDP GFCF World Bank
Formation
Economic Globalisation Index EGLB KOF Swiss Economic

Institute

Source: Created by Author

ED is proxied by the Herfindahl-Hirschman Index (HHI), which measures export concentration. Higher values
of the index indicate greater concentration (i.e., lower diversification), whereas lower values correspond to a more
diversified export structure. Therefore, a negative coefficient of the HHI-based variable implies a positive effect
of ED on EG.
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In this study, firstly, a cross-section dependency test has been carried out, and the appropriate unit root test has

been used according to the results that were obtained. Subsequently, a homogeneity test was carried out, followed

by a cointegration test that allows for heterogeneity in the slope coefficients. After the cointegration test, some

estimators have been used to determine the effect of the long-run relationship. The methodological framework

employed in the present study is outlined in Figure 1.

Empirical Method

A4

Slope Homogeneity

Cross Sectional

Dependence
9

Panel Unit Root Test

Panel Coingtegration

Long Run Estimation

9

Pesaran & Yamagata
(2008)
9

Pesaran CD (2004)

Pesaran CADF
(2007)
L

LM Boot (2007)

CCE and Quantile

Regression
9

9
Robustness Check FMOLS, DOLS, FE

& OLS
L 4

Causality Test Konya SUR (2006)

Figure 1: Steps of the Empirical Analysis
Source: Created by Author

The variables used in the model and the econometric tests applied in the methods section are discussed in this
section, and a summary flow of the analysis process is shown in Figure 1. In addition, the descriptive statistics

for the variables are presented in Table 2.

Table 2. Descriptive Statistics

GDP DIV GFCF EGLB

Mean 8.773352 -0.716839 3.156184 3.890875
Median 8.989668 -0.729809 3.123840 3.916187
Maximum 10.42497 -0.306620 3.795911 4.291983
Minimum 6.430848 -0.995935 2.481622 2.982807
Std. Dev. 0.861095 0.152813 0.305054 0.208856
Skewness -0.721994 0.196191 0.165644 -0.963711
Kurtosis 3.156249 2.217110 2.058478 5.435072
Jarque-Bera 24.61102 8.946921 11.62251 112.5196
Probability 0.000005 0.011408 0.002994 0.000000
Observations 280 280 280 280

Source: Created by Author
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According to Table 2, the highest standard deviation is observed for the GDP per capita variable. The mean value
of GDP is approximately 8.9896, the minimum value is 6.4308, and the maximum value is 10.4249. The standard
deviation is 0.861. When analysing the Skewness and Kurtosis coefficients, it was observed that many variables'

values fall outside the +1.5 limits.

In empirical analyses, determining the distribution characteristics of variables is of great importance. This is
because appropriate estimation methods must be selected for series that do not exhibit a normal distribution. The
analysis indicates that the data do not follow a normal distribution. The results of the Jarque-Bera normality test
also support this finding. The null hypothesis, stating that the data are normally distributed for all variables, has

been rejected.

Whether the parameters of the established model are homogeneous or heterogeneous plays an important role in
selecting the appropriate cointegration tests and estimation methods to be applied to the model. Therefore, it is
necessary first to perform homogeneity tests in order to determine the appropriate tests to be employed in the
analysis. It is seen that Swamy S, a Hausman-type test developed by Swamy (1971), which is one of the first
studies in the literature to test homogeneity, has been used. This test has been used to examine the homogeneity
of slope coefficients. The representation of the Swamy’s S test is presented as follows (Yerdelen Tatoglu, 2017:

246-247);

A~

S= X{n-p =ZL(Bi—B) V(B - B 2
Pesaran and Yamagata (2008) enhanced and standardised the Swamy (1971) test. In doing so, the Swamy (1971)
test was first modified under slope homogeneity. Pesaran and Yamagata (2008) standardised the Delta test in the
form of (A). The representation of the modified test is as follows:

~ N ~ ~ I o1 M1Xj ~

S = YLi(Bi — Bwre) Xi—= 2 (Bi — Bwer) 3)
In Equation (3), denotes the pooled OLS estimator and represents the weighted fixed effect pooled
estimator. denotes the estimator. Thus, the Swamy test has been enhanced and contributed to the literature as the

Delta (A) test. Moreover, this test is acknowledged to provide more reliable and robust results.

The Delta (A) test proposed by Pesaran and Yamagata (2008) is used for large sample sizes. The representation

of this test is represented in Equation (4):
= N-1§-k
A= \N(—7—) 4)
The BAdj test statistic, which is used for small sample sizes, is presented in Equation (5).

N~1S —E(zir)
AAd] ‘/_( WT) (5)
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2k(T-k-1)

T30 ,where N is the cross-sectional dimension. S is the dispersion statistic.

E(Zir) = k,Var(Zy) =

k indicates the number of explanatory variables. That is, it shows the number of regressors. Var(Z;r) denotes the
standard error. The hypotheses of this test are formulated to assess the homogeneity of slope coefficients across
cross-sectional units. The null hypothesis (Ho) states that the slope coefficients are homogeneous, indicating that
all cross-sectional units share the same relationship between the dependent and independent variables (8i = B).
In contrast, the alternative hypothesis (H1) asserts that the slope coefficients are not homogeneous (Bi # ),

implying that the effect of the independent variable varies across different units.

If the p-value obtained from the analysis is greater than 0.05, HO cannot be rejected, indicating that the
cointegration coefficients are considered to be homogeneous. However, if the p-value is less than 0.05, Ho is
rejected, indicating that the cointegration coefficients are heterogeneous.

Table 3: Results of Delta Homogeneity Test

Test Test Statistic Probability Value
A 19.443 0.000*
Apa; 24.453 0.000*

Note: * denotes 1% significance levels.
Source: Created by Author

According to the Delta test results presented in Table 3, the estimated test statistics lead to the rejection of the
null hypothesis (Ho) at the 1% significance level for both the intercept and the slope coefficients. Consequently,
the alternative hypothesis (H1) is accepted. Based on these results, it is concluded that the slope coefficients in

the model are heterogeneous at the 1% significance level.

One of the primary tests that must be carried out in empirical studies using panel data analysis is to examine the
cross-sectional dependence (CSD) among the series. Because, with globalisation, the speed of interaction among
countries increases, this interaction prepares the ground for the integration of their commercial and financial
systems. As a consequence of integration, crises and shocks occurring in one country can also affect other
countries. This situation illustrates the relationship among cross-sectional units and highlights the importance of
CSD. In the model, the CSD test assesses whether a shock in one country in the panel affects the other countries.
In the absence of CSD, first-generation unit root tests are applied, whereas the presence of CSD necessitates the

use of second-generation unit root tests.

The literature offers various approaches for examining CSD, and one of the earliest among these is the Lagrange
Multiplier (LM) test introduced by Breusch and Pagan (1980), which is typically applied when the number of
cross-sectional units is smaller than the number of time periods (N<T). The formulation of this test is presented

as follows:
LM =T Z?Iz_ll ?I=1+1:ﬁi2j (6)
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The LM test is not applicable when the number of cross-sectional units equals or exceeds the number of time
periods (N = T or N >T). Instead of this test, the Pesaran (2004) CDLM test is used. The equation for this test is

presented below:

1 —
CDyy = /mﬂvﬂl Xi-it1 (Tﬁl?j - 1) (7)

LMadj, which is another method used to detect CSD, was developed by Pesaran et al. (2008) to address the biased
results produced by the LM and CDLM tests. This test is applicable in panels where the cross-sectional dimension
is either greater or smaller than the time dimension (N>T or N<T). The representation of the LMadj test is as
follows:

2 N—1vN (T_k)f’izj_ﬂTij (8)
N(N-1) i=1 j=i+1 Vrij

LMgq; =

The following hypotheses are tested to determine the presence of CSD. Accordingly, the null hypothesis (Ho)
states that there is no CSD in the panel. The alternative hypothesis (H1), on the other hand, asserts that there is

dependence between cross-sectional units.

Table 4: Results of the CSD Test for the Variables

Test GDP DIV GFCF EGLB
Stat. Prob. Stat. Prob. Stat. Prob. Stat. Prob.
Breusch-Pagan LM 961.79 0.0000*  424.12 0.0000* 197.18 0.0000* 537.83 0.0000*
Pesaran scaled LM 96.63  0.0000* 39.962 0.0000* 16.041 0.0000* 51.949 0.0000*
Bias-corrected scaled LM 96.45 0.0000* 39.777 0.0000* 15.856 0.0000* 51.764 0.0000*
Pesaran CD 30.78 0.0000*  -1.6435 0.1003 5.0806 0.0000* 11.385 0.0000*

Note: * denotes 1% significance levels.
Source: Created by Author

Table 4 shows the result of the CSD test for each variable. The fact that all obtained probability values are below
1% has led to the rejection of Ho, the null hypothesis that the series does not exhibit CSD, at the 1% significance
level. Therefore, CSD has been detected across all series, and the corresponding test outcomes for the model are

presented in Table 5.

Table 5: Results of the CSD Test for the Model

Test Statistics Prob.

LM (Breush, Pagan 1980) 102.9 0.0000*
CD (Pesaran 2004 CD) 4.844 0.0000*
Lma,gj (Pesaran vd. 2008) 15.41 0.0000*

Note: * denotes 1% significance levels.
Source: Created by Author
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As seen in Table 5, the results obtained from the CSD test for the model are statistically significant at the 1%
significance level. The model's significance indicates that the null hypothesis (Ho) is rejected, thereby confirming
the presence of CSD within the model. This finding indicates the presence of CSD in the model and suggests that
a shock or crisis arising in one of the countries included in the sample could also have an impact on other

countries.

Due to the presence of CSD, the stationarity of the series will be tested using the CADF/CIPS unit root test, a

second-generation test.

The CADF test, as proposed by Pesaran (2007), was utilized to assess whether the series contains a unit root. In
this test, the lagged cross-sectional averages of the ADF regression are also taken into account. After the
estimation of the CADF test, the series' stationarity is determined based on the CIPS statistic, which is obtained
by averaging the results. The representation of the CIPS statistic, which is the simple arithmetic mean of the
CADF test statistic, is calculated as follows (Yerdelen Tatoglu, 2017: 86):

N .
CIPS(N,T) = % %\I=1 t:(N,T) = Yi=g l(\JIADF1 ©)

In Equation (9), N symbolises the cross-sectional dimension, T represents the time dimension and (N, T)
represents the cross-section CADF statistic value. The hypotheses associated with this test are designed to
determine the stationarity properties of the series. Under the null hypothesis (Ho), the series are assumed to contain
a unit root and are therefore non-stationary. In contrast, the alternative hypothesis (H1) posits the absence of a

unit root and, thus, stationarity.

Table 6: Results of the CIPS Unit Root Test at Level

Test Critical Values

Variables The Form of the Test CIPS Statistics 1% 50, 10%
LnGDP Cons(tj;)riszriltrend :i 421?(5) -—23 .517 322 j%
LuDIV Constant & Trend i FENRT -

B iR —

LnEGLB Constant & Trend 3055 R -

Source: Created by Author

The CIPS test statistic values of all variables in Table 6 are smaller than the critical values (CIPS statistic <
Critical VValue). These results indicate that Ho, the null hypothesis, cannot be rejected for the variables under both
the constant and the constant & trend models. For achieving stationarity, the first differences of the series have
been taken. The series with the first differences taken are presented in Table 7.

Table 7: Results of the CIPS Unit Root Test at First Difference
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Variables The Form of the Test S‘gg;tsics 1% Test Critigoa/}) Values 10%
- * R R R

ALnGDP Consct:e(l)risgn;rend —gggg* —23‘.517 —égz -é%
- * - - -

ALnDIV ConsS:;SzI}lErend -2;23* -332 -3;2 -géé
- * R R R

ALnGFCF Consct:e(l)risgn;rend —jggg* —égg —532 —ééé
- * R R R

ALnEGLB Consi::;szl};rend -jgjg* -23 -517 égé é%

Note: * denotes 1% significance levels.
Source: Created by Author

As seen in Table 7, when the first-difference CIPS statistic values of all variables are compared with the critical
values, the absolute value of the CIPS statistics is greater than that of the critical values (|CIPS statistic| > |Critical
Value|). These results indicate that the null hypothesis Ho is rejected for both the variables with constant and with
constant and trend, and therefore all variables are stationary at 1% significance level. In addition, the fact that

I(1) is stationary in the first differences of the series shows that the condition for cointegration analysis is met.

Cointegration analysis enables testing of the long-run relationships among variables. In this study, the LM
bootstrap panel cointegration test developed by Westerlund and Edgerton (2007), which accounts for CSD and

heterogeneity, is employed. The specification of the cointegration test is presented as follows:

LMI-\ll- = 1Zt 100—2 7 (10)

NTZ

In this Equation (10), T denotes the time dimension, N represents the sample size, s3 refers to the fractional sum
of the error terms, and @; * indicates the long-run variance of the error terms. The null hypothesis (Ho) posits the
existence of a cointegration relationship between the variables, which is corroborated when the bootstrap p-value
exceeds 0.05. Conversely, the alternative hypothesis (H1) suggests the absence of a cointegration relationship

among the variables, which is considered to be valid when the bootstrap p-value is less than 0.05.

Table 8: Lm Bootstrap Cointegration Test

Conditions LM Statistics Bootsrap p-value Asymp p-value
Constant 2.880 0.880 0.002
Constant and Trend 3.240 0.990 0.001

Note: The bootstrap is based on 1000 replications.
Source: Created by Author

Table 8 presents the outcomes of the LM bootstrap cointegration test, which evaluates whether a long-term
cointegration relationship exists among the variables. When CSD and heterogeneity are present, the bootstrap p-
value is taken into consideration. According to the results, the bootstrap p-value is greater than 0.05 (bootstrap p-
value > 0.05). Therefore, the null hypothesis (Ho) cannot be rejected. Consequently, it is concluded that there is
a long-term relationship between the variables of GDP, DIV, GFCF, and EGLB in the model and that the variables
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move together in the long term.

In the case of a cointegration relationship between series, different estimators are employed to assess the strength
of the relationship. In this study, the impact of independent variables on the dependent variable has been analysed.
Common Correlated Effect (CCE) estimator and quantile regression have been used to perform this analysis to
measure the degree of influence of the long-run relationship. The panel CCE estimator is used when the series
are non-stationary at the level, there is CSD, and the slope coefficients are heterogeneous. There is a long-run

relationship between the series (Pesaran, 2006).

Conventional methods may offer initial insights into cross-sectional dependency and slope heterogeneity;
however, they can be limited when relationships are nonlinear or data contain skewness and outliers. In such
cases, quantile regression provides a robust alternative by estimating the conditional median or other quantiles of
the dependent variable, rather than the mean, which is sensitive to extreme values. This approach allows for a
more accurate analysis of distributional characteristics, particularly when assessing typical outcomes like median
income in the presence of outliers. Since the mean is highly sensitive to extreme values, it may not always provide
a reliable summary of data distributions, especially in the presence of outliers. For example, in income datasets,
a small number of very high earners can disproportionately raise the average, making it unrepresentative of the
general population's typical income. In such situations, quantile regression offers a more robust alternative by
estimating the median or other quantiles, thus providing a clearer picture of the underlying distribution (Nica et
al., 2023).

The least squares method (OLS) is one of the fundamental techniques widely used in econometric analysis.
However, the presence of outliers in economic variables and their deviation from normal distribution make it
difficult for this method to produce reliable results. The OLS method is inadequate, especially when error terms
are not normally distributed and long-tailed distributions exist. As an alternative to such situations, Koenker and
Bassett Jr. (1978) developed the quantile regression method. The quantile regression method has been adapted to
panel data by Koenker (2004), and in this context, a fixed-effect panel quantile regression model has been
developed. In the model, the conditional functions of the responses of observations on units are constructed as

follows:

Qyie(tlxi) = a; + x5 (1) (11)

The model, Qy;;(t|x;;) represents the 7'th quantile of dependent variable, x;; represents the vector of independent
variables, a; denotes individual effects, T quantiles, (t) denotes the regression coefficient of the corresponding

quantile.

g{llﬁ% Zlk<=1 Z{=1 Z?’=1 Wi Pz, (}’it —a; — xi,tﬁ(Tk)) (12)
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The above Equation (12) represents fixed-effect panel quantile-regression; here, i represents countries (N), T
represents the number of observation for each country, k denotes quantile index and x represents the matrix of
independent variable which can be called explanatory variables. y;; denotes the dependent variable, x;; denotes
p-vector of common variables, w,, denotes the control of the relative effects of quantiles in estimating individual

fixed effects (a;), and p,(u) = u(r — I(u < 0) represents the piecewise linear quantile loss function.

Table 9: The Results of CCE Test

. Common Correlated Effects Mean Group (CCE)
Dependent Variables : Y
Coefficients t-statistics
LnDIV -0.1746578*** -1.75
LnGFCF 0.2903037* 4.74
LnEGLB -0.0596798 -1.53

Note: *, **, *** denote 1%, 5%, 10% significance levels respectively.
Source: Created by Author

Table 9 presents the panel cointegration estimation results for the overall model using the Common Correlated
Effects (CCE) estimator. The results indicate that the coefficients of LnDIV and LnGFCF are statistically
significant and consistent with theoretical expectations. In contrast, the coefficient of LnEGLB is statistically

insignificant, suggesting that its average effect on EG is not robust across the panel.

The coefficient of LnDIV is negative and statistically significant. However, it should be noted that the
diversification variable is measured using the Herfindahl-Hirschman Index (HHI), where higher values indicate
greater export concentration and lower values reflect higher diversification. Therefore, the negative coefficient
implies that an increase in ED (i.e., a decrease in concentration) is associated with higher EG. This finding is fully
consistent with the theoretical literature emphasising the role of diversification in promoting structural

transformation and growth.

In terms of magnitude, the results suggest that a 1% increase in ED (proxied by a decrease in the HHI index)
increases EG by approximately 0.17%. In comparison, a 1% increase in gross fixed capital formation leads to a
0.30% increase in EG.

Table 10: The Results of Quantile Regression

Quantile levels

Variables 10th 20th 30th 40th 50th 60th 70th 80th 90th
Loy .0.615**  -0.667*  -0.699* -0.751* -0.817* -0.878% -0.947* -1.004* -1.061*
(0.036)  (0.007)  (0.002) (0.000) (0.000) (0.000) (0.000)  (0.000)  (0.001)
- 0.933*  0.908*  0.893* 0868  0.836* 0.807* 0.774*  0.746* 0.719*
(0.000)  (0.000)  (0.000)  (0.000)  (0.000)  (0.000)  (0.000)  (0.000)  (0.005)
LHEGLE 0908 0900 0896* 0.889*  0.879* 0871* 0861* 0.853* 0.845

(0.000) (0.000) (0.000)  (0.000) (0.000) (0.000) (0.000) (0.000)  (0.000)
Note: * and ** denote 1%, 5% significance levels respectively. The values with *'s are coefficients. () represents the p-
values of the estimated coefficients.
Source: Created by Author
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Table 10 reports the panel quantile regression results across different quantiles of the EG distribution (0.10-0.90).
The findings reveal that the coefficients of LnDIV, LnGFCF, and LnEGLB are statistically significant across all
quantiles, although their magnitudes vary along the distribution. The coefficient of LnDIV is negative and
statistically significant at all quantile levels. Given that ED is proxied by the Herfindahl-Hirschman Index (HHI),
where higher values indicate greater export concentration, this negative coefficient implies that greater ED
promotes EG. Moreover, the absolute magnitude of the coefficient increases across higher quantiles, rising from
-0.615 at the 10th quantile to -1.061 at the 90th quantile. This pattern suggests that the growth-enhancing effect
of diversification becomes stronger at higher levels of income, indicating its increasing importance in more

advanced stages of economic development.

The coefficient of LnGFCF is positive and statistically significant across all quantiles. However, its magnitude
declines gradually from 0.933 at the lower quantile to 0.719 at the upper quantile, indicating that the contribution
of physical capital accumulation to EG is more pronounced at lower income levels. This finding highlights the
fundamental role of capital formation in the early stages of development. Similarly, the coefficient of LnEGLB
is positive and statistically significant across all quantiles, although it exhibits a slight downward trend,
decreasing from 0.908 at the 10th quantile to 0.845 at the 90th quantile. This suggests that economic globalisation
contributes positively to growth across the entire distribution, but its marginal impact diminishes at higher income

levels.

It is important to note that the results from the CCE estimator and the panel quantile regression differ for the
economic globalisation variable (LNnEGLB). While the CCE estimator suggests that the average effect of
economic globalisation is statistically insignificant, the quantile regression results indicate a positive and
statistically significant effect across all quantiles. This apparent discrepancy can be attributed to methodological
differences between the two approaches. The CCE estimator captures the average effect across cross-sectional
units and may therefore mask underlying heterogeneity in the data. In contrast, panel quantile regression provides
distribution-specific estimates and is more sensitive to non-linearities, heterogeneity, and extreme values.
Accordingly, the significance of LnEGLB across quantiles suggests that the impact of economic globalisation
varies across different levels of EG, which cannot be fully captured by mean-based estimators. This finding
highlights the importance of employing distribution-sensitive methods in analysing growth dynamics.

Overall, the findings indicate that the effects of ED, capital formation, and economic globalisation on EG are not
uniform across the distribution. In particular, the growing impact of diversification at higher quantiles underscores
its critical role in sustaining growth at more advanced stages of development. In contrast, the declining effect of
capital formation suggests that its importance is more pronounced in earlier stages. These results underscore the

need to account for distributional heterogeneity when analysing growth dynamics.

Table 11: Robustness Check Tests
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Independent FMOLS DOLS FE
Variables Coeff. Prob. Value Coeff. Prob. Value Coeff. Prob. Value
InDIV -0.964 0.0000* -1.122 0.0000* -0.837 0.000*
INGFCF 0.677 0.0000* 0.619 0.0000* 0.827 0.000*
INEGLB 0.221 0.0173** 0.114 0.4285 0.877 0.000*

Note: * and ** denote 1%, 5% significance levels, respectively. The values with *'s are coefficients. () represents the p-
values of the estimated coefficients. The dependent variable in the model is InGDP.
Source: Created by Author

As shown in Table 11, the estimates obtained from the FMOLS, DOLS, and FE methods are consistent with one
another. Moreover, the coefficient estimates of all three estimators are statistically significant at the 1% level.
The coefficients of the independent variables are also consistent with the expectations, and the coefficient of DIV
is negative, while the coefficients of the other independent variables (GFCF and EGLB) are positive. These
findings are consistent with theoretical assumptions. According to the results estimated, a 1% rise in DIV
increases EG by approximately 0.96% to 1.12%. Likewise, a 1% rise in GFCF increases EG by around 0.67% to
0.82%. A 1% rise in EGLB variable increases EG by 0.11% to 0.87%.

Based on the findings which are obtained from analysis conducted in present study, it is concluded that increases
in DIV, GFCF, and EGLB positively affect EG.

To examine the direction of causality between the variables, the Konya (2006) panel causality test is employed.
This method is based on the Seemingly Unrelated Regressions (SUR) framework and allows for country-specific
causal inference while accounting for cross-sectional dependence. An important advantage of this approach is
that it does not require pre-testing for unit roots or cointegration. The optimal lag length in the model is
determined based on the Akaike Information Criterion (AIC). The corresponding causality results are reported in
Table 12.

Table 12: The Results of Kénya (SUR) Causality Test

Countries GDP—DIV DIV—GDP Result
Wald 1% 5% Wald 1% 5%
Argentina 0.025 0.090 0.086 3.980 6.692 5.603 X
Brazil 2.747 4522 4472 10.356* 1.593 0.963 DIV—-GDP
China 9.771** 0.042 0.027 1.453** 1.771 1.433 GDP 2 DIV
India 2.036* 0.105 0.089 25.001* 2.675 1.372 GDP 2 DIV
Indonesia 8.005* 1.255 1.201 14.476* 4.477 2.254 GDP 2 DIV
Mexico 0.416 1.549 1.520 5.017* 2.877 1.896 DIV—-GDP
Poland 0.152 1.679 1.579 0.523 3.902 2.014 X
South Africa 8.249* 2.839 2.799 0.433 2.310 1.500 GDP—DIV
South Korea 4.883 5.303 5.214 9.086* 2.012 1.362 DIV—GDP
Turkiye 3.279* 1.345 1.313 6.076* 1.564 0.823 DIV—GDP
Countries EGLB —GDP GDP— EGLB Result
Wald 1% 5% Wald 1% 5%
Argentina 18.806* 14.769 14.646 2.483* 0.307 0.205 EGLB 2 GDP
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Brazil 1.863* 0.355 0.342 0.741* 0.600 0.473 EGLB 2 GDP
China 65.241* 0.470 0.408 6.361* 4,300 2.682 EGLB 2 GDP
India 6.039* 2.178 2.092 0.359 2.167 1.591 EGLB —GDP
Indonesia 2.680* 0.229 0.203 24.767* 0.328 0.260 EGLB 2 GDP
Mexico 3.885* 0.406 0.391 12.077* 0.680 0.372 EGLB 2 GDP
Poland 0.094 0.765 0.693 22.791* 2.130 1.314 GDP— EGLB
South Africa 1.326* 0.348 0.341 7.183* 0.218 0.143 EGLB 2 GDP
South Korea 0.678* 0.680 0.654 1.454* 0.209 0.150 EGLB 2 GDP
Turkiye 3.648* 0.078 0.073 5.799* 0.648 0.443 EGLB 2 GDP
Countries GFCF— EGLB EGLB —GFCF Result
Wald 1% 5% Wald 1% 5%
Argentina 1.023 11.522 10.947 0.865* 0.345 0.295 EGLB —GFCF
Brazil 0.994* 0.236 0.148 0.009 1.525 1.366 GFCF— EGLB
China 7.486* 1.786 1.441 0.014 4,054 3.473 GFCF— EGLB
India 6.970* 1.192 0.934 0.552** 0.610 0.533 GFCF 2 EGLB
Indonesia 8.311* 2.622 2.329 1.865* 0.802 0.694 GFCF 2 EGLB
Mexico 0.824** 1.087 0.802 3.659* 0.579 0.491 GFCF 2 EGLB
Poland 10.626* 0.376 0.247 0.157 0.984 0.758 GFCF— EGLB
South Africa 1.671* 0.219 0.133 0.554* 0.348 0.288 GFCF 2 EGLB
South Korea 0.362* 0.07 0.041 0.513 2.640 2.387 GFCF— EGLB
Turkiye 0.819 1.700 1.398 15.937* 0.830 0.746 EGLB —GFCF
Countries DIV—-GFCF GFCF-DIV Result
Wald 1% 5% Wald 1% 5%
Argentina 3.936* 1.453 0.922 0.077 0.175 0.151 DIV—GFCF
Brazil 0.011 3.422 2.113 0.541 7.381 7.079 X
China 1.031* 0.793 0.427 0.25 0.864 0.527 DIV—GFCF
India 8.005* 6.901 4,004 0.004 0.26 0.197 DIV—GFCF
Indonesia 17.793* 9.715 5.143 19.258* 2.154 1.965 DIVa GFCF
Mexico 6.405* 0.902 0.656 0.065 2.042 1.592 DIV—GFCF
Poland 0.079 1.580 1.226 2.132** 2.296 1.809 GFCF—DIV
South Africa 1.709 3.442 2.410 1.229 4.642 3.886 X
South Korea 3.068** 3.472 1.364 1.021 6.292 6.089 DIV—GFCF
Tarkiye 0.047 2.612 1.564 20.721* 1.703 1.541 GFCF—-DIV
Countries DIV—-EGLB EGLB —DIV Result
Wald 1% 5% Wald 1% 5%
Argentina 1.401 8.703 6.215 0.020 0.166 0.145 X
Brazil 2.912** 2.819 2.372 0.059 6.479 5.843 DIV—EGLB
China 0.124 1.561 0.867 0.515* 0.203 0.142 EGLB —DIV
India 11.798* 5.125 4.465 1.115* 0.026 0.021 DIVZ EGLB
Indonesia 26.066* 9.243 5.513 2.309* 1.782 1.584 DIVZ EGLB
Mexico 9.458* 0.684 0.405 0.142 1.955 1.695 DIV— EGLB
Poland 1.647 2.813 2.012 0.165 2.805 1.954 X
South Africa 0.614 2.597 1.671 0.004 3.441 3.334 X
South Korea 6.472* 1.962 1.198 2.133 6.420 6.073 DIV— EGLB
Turkiye 0.614 1.492 0.753 14.805* 1.688 1.433 EGLB —DIV
Countries GDP—GFCF GFCF—-GDP Result
Wald 1% 5% Wald 1% 5%
Argentina 0.585* 0.103 0.095 4.757* 0.207 0.156 GDP 2GFCF
Brazil 0.137 1.429 1.381 0.037 0.52 0.409 X
China 21.694* 2.936 2.811 0.594 1.513 1.207 GDP—GFCF
India 0.161 0.233 0.208 0.056 1.731 1.336 X
Indonesia 0.529* 0.49 0.449 1.162* 0.372 0.278 GDP 2 GFCF
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Mexico 1.040* 0.377 0.365 2.205* 0.408 0.268 GDP 2 GFCF

Poland 2.330* 0.412 0.363 13.915* 0.785 0.584 GDP 2 GFCF

South Africa 0.056 0.582 0.561 0.312* 0.153 0.090 GFCF—GDP

South Korea 11.962* 1.743 1.703 0.001 0.176 0.144 GDP—GFCF

Turkiye 5.367* 0.673 0.651 7.812* 0.276 0.235 GDP 2 GFCF
Note: * and ** denote 1%, 5% significance levels respectively. “2” denotes bidirectional causality. “—” i unidirectional
causality.

Source: Created by Author

The causality results provide important insights into the dynamic interaction between ED and EG. The presence
of bidirectional causality between GDP and ED in countries such as China, India, Indonesia, and Turkiye suggests
a mutually reinforcing mechanism. In these economies, diversification stimulates EG by expanding production
capabilities and reducing structural vulnerabilities, while higher growth levels, in turn, facilitate further

diversification through technological upgrading and sectoral expansion.

In contrast, the unidirectional causality from ED to EG observed in countries such as Brazil, Mexico, and South
Korea indicates that diversification is a key driver of growth. Still, economic expansion does not necessarily lead
to further diversification. This may reflect structural rigidities or a continued reliance on specific sectors despite
growth. On the other hand, the presence of a causal relationship between EG and ED, as observed in South Africa,
implies that growth itself creates the conditions for diversification, such as increased investment capacity and

structural transformation. However, in this case, diversification does not play a leading role in driving growth.

Finally, the absence of a significant causality relationship in some countries suggests that the diversification—
growth nexus may be weak or mediated by country-specific institutional, structural, or external factors. Overall,
these findings highlight that the relationship between ED and EG is highly heterogeneous and context-dependent,

implying that uniform policy prescriptions may not be effective across different economies.
CONCLUSIONS AND POLICY IMPLICATIONS

This study investigates the impact of ED, gross fixed capital formation, and economic globalisation on EG in
BEM economies over the period 1995-2022. Using advanced panel data techniques that account for cross-
sectional dependence and heterogeneity, including the Common Correlated Effects (CCE) estimator, panel
quantile regression, and the Konya (2006) causality test, the study provides a comprehensive and distribution-

sensitive analysis of growth dynamics.

The empirical findings reveal that ED, capital formation, and economic globalisation are important determinants
of EG, although their effects are not uniform across the distribution. The quantile regression results show that the
positive impact of ED becomes stronger at higher levels of EG, indicating its increasing importance in more
advanced stages of development. In contrast, the effect of capital formation is more pronounced at lower
quantiles, highlighting its fundamental role in the early stages of development. Economic globalisation is found

to have a positive and robust effect across all quantiles, although its marginal contribution slightly declines as
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income levels increase. This is also consistent with the finding that the impact of economic globalisation differs

between mean-based and distribution-based estimations.

The causality analysis further indicates that the relationship between ED and EG is not uniform across countries,
with both unidirectional and bidirectional dynamics observed. These findings suggest that the diversification—
growth nexus is highly context-dependent and shaped by country-specific structural and institutional conditions.
In some cases, ED acts as a driver of growth, while in others, EG itself facilitates diversification processes. This
variation highlights the importance of considering country-specific development paths when evaluating the

growth effects of export structures.

These findings can be more explicitly interpreted within the framework of endogenous growth theory and the
structural transformation literature. In line with endogenous growth models, ED enhances EG by expanding
productive knowledge, fostering innovation, and facilitating technological upgrading (Romer, 1990). By enabling
economies to move into more sophisticated, higher-value-added sectors, diversification strengthens productivity
dynamics and long-term growth potential. Furthermore, the heterogeneous effects observed across quantiles
provide strong support for the structural transformation perspective. The increasing impact of diversification at
higher quantiles suggests that as economies develop, growth becomes more dependent on complexity, sectoral

upgrading, and diversification of production structures.

In contrast, the declining effect of capital formation across quantiles indicates that physical capital accumulation
is more critical in the early stages of development, when basic production capacity and infrastructure are being
established. Therefore, the results imply that the determinants of EG are inherently stage-dependent and that
diversification, capital accumulation, and global integration operate as complementary but evolving mechanisms
throughout the development process. This reinforces the view that growth processes are inherently nonlinear and

dependent on structural transformation dynamics.

Overall, this study contributes to the literature by providing a comprehensive and distribution-sensitive analysis
of the export diversification—growth nexus in BEM economies. Unlike conventional approaches, the use of panel
quantile regression and country-specific causality analysis reveals that the effects of ED, capital formation, and
economic globalisation are inherently heterogeneous and stage-dependent. These findings offer important
implications for both theory and policy, suggesting that growth strategies should be tailored to the structural

characteristics and development levels of individual economies.
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Abstract

The purpose of this paper is to investigate the significance of the "net errors and omissions" (NEO) component in Turkiye's
balance-of-payments for 1990 to 2024 and its relation to the foreign trade balance. Although the NEO item is theoretically
considered a statistical adjustment for measurement errors, timing differences, and data incompleteness, the permanence
and positive sign of this item in Turkiye have led to speculation about the existence of covert capital flows. This study
answers the question if the NEO item is merely a reflection of statistical discrepancies or if it reflects changes in foreign
trade dynamics. In methodology, the Toda-Yamamoto causality technique was used for annual data, and the analysis was
performed using EViews. The results indicate that there is unidirectional causality from foreign trade balance to NEO item,
but not vice versa. These findings imply that the NEO item does not function as an active factor in shaping the foreign trade
performance, but as a "follower" vis-a-vis the foreign trade balance. As a rule, the NEO is considered as a mere statistical
adjustment item on the reactive side and not as a driver on the main side of macroeconomic analysis, and also an indicator
that reflects structural transformation in Turkiye’s statistics and exposes inconsistencies. In conclusion, this study gives
new empirical evidence for Turkiye by revealing that the trade balance-NEO item causal relationship is unidirectional (from
the trade balance to NEO), in other words, NEO acts as a result variable, not as a determinant of the foreign trade balance.

Keywords: Foreign Trade Balance, Net Errors and Omissions, Toda-Yamamoto Causality Test, Turkiye
JEL Codes: F14, F32, C22

INTRODUCTION

The balance-of-payments is a country's international accounts and normally includes a number of main items
such as current transactions, capital accounts and financial accounts. But the total of these items may be different
from zero for a number of reasons. In that case the NEO fills the gap. The NEO item represents measurement

errors and omissions in the data or the source of funds unknown movement of fundsources of fundsmovement of
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funds that cannot be identified, or their origin (Ciplak, 2005, p. 3; Egilmez, 2012, p. 1).

Looking at Turkiye’s balance-of-payments data, it appears that the NEO item has grown considerably,
particularly since the early 2000s. For instance, in 2011 the NEO item soared to around $12 billion (Egilmez,
2012, p. 1). Is the phenomenon the result of statistical errors or does it reflect unaccounted capital flows? This

issue has been a controversial subject in Turkiye’s balance-of-payments studies.

The elevated NEO item may bring into question the quality of the balance-of-payments data. In particular, the
NEO item is always large and a positive number can be interpreted as indicating unspecified foreign currency
inflows (Egilmez, 2013, p. 1). It is a manifestation of a residue that is both too large and systematically aligned

to be accounted for by measurement errors alone.

The literature lists factors such as timing errors, deficiencies in customs declarations, unrecorded transactions,
and survey errors among the determinants of the NEO item (Ciplak, 2005, p. 3; Egilmez, 2012, p. 1). However,
there are only a limited number of empirical studies on whether these factors fully explain the high NEO item.

This gap indicates that the NEO item needs to be addressed more broadly in economic analyses.

This study fills an important gap in the literature by explicitly investigating the direction of causality between the
Net Error and Omission (NEO) item and the trade balance for Turkiye; the matter has largely been scrutinized,
if at all, indirectly or under wider multivariate toolkit so far. Previous research on NEO has focused on its
determinants (i.e., exchange rates, tourism revenues, or capital flows) or treated it as a statistical residual;
however, there is little empirical evidence on whether NEO is a driving force on foreign trade dynamics in itself,
or merely an effect, especially using data updated up to 2024. For this purpose, the research arbitrarily limits
itself to two variables (NEO, trade balance) in order to obtain a direct causal relationship independent of other
variables or the interaction of various control variables; this approach aimed at capturing causality is good in
itself, since causalities are often left ambiguous in multivariate specifications. Methodologically, this study is
innovative in that it adopts the Toda-Yamamoto causality procedure, which facilitates the formation of valid
inferences independent of the integration properties of the series and eliminates pretest biases associated with
traditional Granger causality or cointegration-based models. Furthermore, the integration of a long time period
(1990-2024) with this approach enables a more accurate and structurally robust assessment of causality, thereby
contributing to both the empirical and methodological literature.

The paper initially discusses the conceptual foundation of the NEO question and its evolution in Turkiye, and

then introduces an application for the period 1990-2024. The analysis was conducted in EViews, and causality

was assessed using the Toda-Yamamoto test. These results aim to reveal the causal relationship between the NEO

item and the foreign trade balance.

This research aims to emphasise that the NEO item is not only a balancing item but also an important indicator
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for Turkiye’s foreign trade balance and balance-of-payments policies. Furthermore, an empirical analysis of the
foreign trade balance, which has been shown in various studies to have a causal relationship with the NEO item,

will contribute to the literature and guide policymakers.
LITERATURE REVIEW
Foreign Trade Balance

The foreign trade balance is the difference between a country's exports and imports over a specific period. If
exports exceed imports, there is a foreign trade surplus; otherwise, there is a foreign trade deficit (Egilmez, 2013,

p. 1). This balance is considered an important indicator of a country's commercial relations with the outside world.

In Turkiye’s case, the foreign trade balance has been showing a deficit for many years. For instance, Turkiye’s
foreign trade deficit was nearly USD 82.17 billion in 2024 (TUIK, 2025). This points to structural challenges

including the need for the Turkish economy to boost its export capacity and reduce its reliance on imports.

The foreign trade balance is directly influenced by the exports to imports ratio. The literature underlines that this
relation is pronounced not only in quantity but also in statistical characteristics (e.g. product composition, level
of technology) (Demir, 2020, p. 890). It is expected that such a change in Turkiye's import and export structure

will have significant implications for multilateral trade deficits and/or surpluses in the medium to long term.

Another factor to be considered in the determination of the foreign trade balance is the rate of import increase.
If imports (particularly intermediate and capital goods) are expanding rapidly and exports are not increasing at
the same pace, then the foreign trade deficit will be increasing. This reflects a structural break in import-dependent
sectors in Turkiye (Demir, 2020, p. 897). By the way, increasing import prices particularly energy or raw

materials can have adverse effect on the foreign trade balance (Temiz, 2009, p. 120).

Moreover, the export to import ratio is often considered in the literature as a key indicator to evaluate the
performance of foreign trade. When it comes to balance of trade, the rise in this ratio means the country has
found a balanced structure in foreign trade (Aydin et al., 2015, s. 5).In Turkiye, this ratio And it is directly

influenced by the changes in the exchange rate and especially global demand,; it fluctuates periodically.

The foreign trade balance is greatly influenced by exchange rates, income levels, and shifts in the demand from
abroad. Empirical evidence indicates that inflation and exchange rate dynamics play a significant role in shaping
foreign trade performance in Tiirkiye, affecting both import costs and export competitiveness (Cakmakli, 2025,
p. 8). It also behaviorally smooths out current account deficits in the face of positive external demand shocks
(Balassa-Samuelson mechanism) or, during downturns, makes capital account outflows more volatile (Demir,
2020, p. 895). Additionally, rising domestic demand may increase the demand for imports, which in turn
undermines the trade surplus (Tungsiper & Rencber, 2017, p. 626).
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The Customs Union process has had structural effects on Turkiye’s foreign trade. After the adoption of the
Customs Union, Turkiye’s imports and exports changed both quantitatively and qualitatively (Temiz, 2009, p.
117). In particular, the increase in consumption and in imports of intermediate goods stood out as a result of this

process.

In terms of the sustainability of the foreign trade balance, financing external deficits and maintaining foreign
exchange reserves also play critical roles. Turkiye’s foreign trade deficit may also lead to a long-term current
account deficit, thereby creating macroeconomic fragility (Cakal, 2019, p. 42). Accordingly, the foreign trade
balance is not only the outcome of trading relations but is tightly intertwined with macro structural and policy

issues.

In the past, Turkiye’s foreign trade by country has been subject to a pattern of reshuffle. The analyses for the
period 2019-2023 show that there are significant differences between the groups of countries the country imports
from and exports to; above all, the growth in trade with some developing countries is note worthy (Oguz, 2024,

s. 2822). This is important to see which foreign partners dominate the deficit in the foreign trade.
Net Error and Omission Item

Net Errors and Omissions (NEO) is an item item that is the counterpart to the balance in the balance-of-payments
tables and is used to make the sum of the current, capital, and financial accounts equal to the official recording
of the figures. This is a statistical difference, related to different factors like "measurement errors” of the
statistics, unregistered transactions, or timing differences in data collection due to seasonal patterns (Sahin, 2022,
p. 105; Emeg et al., 2023, p. 672). Furthermore, the configuration of international financial connections is also
important in explaining external account imbalances. Kubelec and Sa (2010) show that countries’ external
balance sheets are affected not only by trade flows but by the country of residence exposure in cross-border
financial assets and liabilities. This multilayered nature may create asymmetries and underreporting of
international transactions, which contributes to the statistical discrepancies in balance of payments.In this
context, the NEO item can be viewed as capturing the incompleteness of measurements representing the entire
spectrum of global financial integration.

Findings of the study Emec et al. (2023) reveal that Turkiye’s NEO item realized an average surplus during the
period of 1984-2021, however it was highly volatile. That is, in that year the line item broke a record high of
approximately USD 22.7 billion. Such large magnitudes mean that NEO is not caused just by small technical
errors.

It has been stressed that the NEO item can show both positive and negative deviations. Positive deviation is said
to happen if some transactions are underinvoiced or some inflows of foreign exchange are smuggled out of the
books. Negative divergences can also arise when outflows or liabilities are understated (Emeg et al., 2023, p. 680;

Kesap & Sandalcilar, 2021, p. 155). This is important to consider in analysis of NEO.
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Panel studies in the international literature have focused on the sustainability and fundamental determinants of
the NEO item. An analysis by Ding and Tang (2019) of 98 countries concluded that the NEO item is stationary
under root tests and therefore exhibits a stable long-term structure. The study stated that institutional quality has
a significant effect on this sustainability, regardless of income groups.

Kesap and Sandalcilar (2021), in their study specific to Turkiye, examined the 2008-2020 period using the ARDL
cointegration method and found a long-term cointegration relationship between the NEO indicator and variables
such as tourism revenues, export revenues, and non-resident deposits. The study concluded that the effect of the
foreign deposits variable on NEO is stronger than that of other variables.

In his study using annual data from selected countries (e.g., India, Philippines, USA), Sahin (2022) observed that
the volume of foreign trade (total imports + exports) negatively affected the NEO item; that is, as the volume of
foreign trade increased, the magnitude of the deviation (NEO) decreased. However, this effect varies across
countries—in some, the NEO magnitude may increase as foreign trade volume increases.

The NEO is active periods associated with economic shocks, exchange rate volatility, and external demand
shocks. In the Turkish economy, factors such as high inflation and economic uncertainty have contributed to
dollarization and external imbalances, which may also be associated with discrepancies observed in balance-of-
payments statistics (Onen & Meral, 2022). Emeg et al. (2023) reported that a positive shock in exchange rate
volatility positively affects NEO in the short-run. Such effects indicate that NEO is not simply an accounting
mistake, but that it is also connected to macroeconomic forces.

Furthermore, the political economy aspect of the NEO item, which relates to "malicious intent" or non-
transparency of institutions, has been analyzed. In their analysis, Y1lmaz and Kahveci (2024) contend that NEO
values are consistently greater in nations characterized by rampant corruption, and that NEO serves in these
nations to hide current account deficits or cover volatilities in the financial account.

The size and volatility of NEO depend, however, on the data-collection capacity of the country, on the quality of
its statistical agencies, on the structure of its foreign trade and on the transparency of its financial transactions.The
results from panel data estimations indicate that the quality of institutions, controls and technical capability are
some of the most significant attributes (Ding & Tang, 2019, p. 5-6).

The nature and significance of the Net Errors and Omissions (NEO) item in the balance-of-payments accounts
can be also explained by drawing upon the relevant contributions in the international literature. Cuddington
(1986) links NEO to capital flight and other unrecorded financial flows and argues that discrepancies in the
external accounts may represent real economic behavior and not just measurement errors. Similarly, Global
Financial Integrity (Kar & Freitas, 2012) reports stress the importance of trade misinvoicing and illicit financial
flows as the main sources of errors and omissions in the balance of payments systems, which reiterates the

suspicion that NEO may include concealed cross-border transactions.
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Siranova and Tiruneh (2018) and Siranova et al. (2021) show that the NEO can exhibit regularities associated
with the dynamics of capital flight and the ties between international financial networks, mainly in emerging and
transition economies. In the same way, Ding and Tang (2017) present an overview of the literature, stressing that
NEO is not just a residual statistical instrument and could enjoy long-term persistence along with systematic
causes, such as the quality of institutions and the state of macroeconomy.

Besides, the global financial system also contributes significantly to the NEO behavior. Studies such as Cerultti
et al. (2017) underscore the fact that swings in the global financial cycle and capital flow volatility can have
second round effects in the balance-of-payments gap. Furthermore, the conceptual and methodological
framework of the IMF (2019) highlights that NEO results from a mixture of errors in measurement, timing
differences, and undisclosed transactions and therefore should be considered in both a statistical and an economic
perspective.

Siranova (2024) suggests that the statistical discrepancy in balance of payments accounts may act as a balancing
item for net foreign asset positions, as opposed to being a random error term in measurement errors. This
viewpoint emphasizes that omitted or underestimated financial flows can be invisibly included in measures of
foreign balance through the NEO item. Accordingly, the NEO may reflect not just data limitations but also the
structural nature of international financial integration, thereby justifying its inclusion as a non-negligible (albeit
indirect) element of the foreign balance.

The international experience therefore suggests that the NEO item captures a multifaceted relationship between
foreign trade, capital flows, the quality of institutions and measurement error, which is consistent with viewing
it as a potentially informative (though indirect) proxy for external sector imbalances.

Consequently, the literature illustrates that the NEO item is not just error/measurement, it is influenced by
activities such as the volume of foreign trade, exchange rate volatility, transparency information, and institutional
framework. In the case of Turkiye, non-resident deposits, export revenues and other such factors have been
identified as having considerable impact on NEO. These studies imply that the NEO item is a significant factor
that should not be ignored in the study of the foreign trade balances, but they do not indicate whether the "alert"
produced by it is as severe as given by them.

Balance-of-Payments, Crises, and Informal Capital Flows

The balance-of-payments (BOP) is the fundamental accounting identity that records all of a country's cross-border
transactions (trade in goods and services, income transfers, capital and financial movements, etc.) during a given
period; in theory, the current account + financial/capital account + official reserve changes should equal zero.
However, in practice, deviations arise from recording, timing, and valuation issues, as well as unrecorded
transactions, and these deviations are offset by the Net Errors and Omissions (NEO) item. Crisis literature
emphasises that capital flows can reverse abruptly when external vulnerabilities—particularly short-term foreign
currency debt, insufficient reserves, and speculative positions—accumulate. This process can lead to a sudden
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stop or reversal of capital flows, causing rapid deterioration in the balance-of-payments. In such crises, large and
sudden fluctuations in the NEO item may be observed, as official records may not immediately capture short-
term and hidden movements (IMF, 2019; Cerutti et al., 2017).

In Turkiye, the currency crisis in late 2018 and the subsequent external vulnerabilities reversed the typical
behavior of the net error and omission item; that is, this item did not fill the financing gaps it had historically
indicated, but rather exacerbated the financial squeeze. The OECD, examining movements between 2014 and
2020, noted that NEO negatively affected the financing balance in 2018 (OECD, 2021, p. 26).

The reasons for the large deviations in the NEO item in the balance-of-payments regulation and international
studies are multidimensional: (i) recording/reporting deficiencies and timing differences, (ii) hidden capital flight
through invoice manipulation, (iii) production sharing and offshore transactions by multinational companies, (iv)
deposit movements in host countries, and (v) the inability to compile new financial instruments. The IMF's
BOPCOM study (2019) indicates that NEO may stem from these factors and that countries need to strengthen
both existing data sources and mirror statistics controls when assessing NEO.

Studies on unreported capital movements and illicit financial flows (IFF) take NEO as a measurement which may
also capture such flows in a roundabout way; for instance, Global Financial Integrity (GFI) reports and World
Bank compilations highlight that trade misinvoicing and balance-of-payments discrepancies are the main
conduits for illicit financial flows and that the item NEO captures a portion of these. While these studies do not
consider NEO alone to be determinative in measuring illicit financial flows, they clearly state that it is an
important indicator (GFI, 2019, p. 32; Collin, 2019).

Empirical studies have frequently tested the relationships between NEO and macro variables (exchange rate
volatility, external debt stock, tourism revenues, foreign deposit movements, etc.). Some Turkiye-focused studies
have shown that exchange rate volatility and domestic residents’ foreign deposit transfers have significant effects
on NEO; they also show that NEO increases in magnitude during crisis periods (Akcay & Giingen, 2019). So,
NEO is regarded as an “early warning” tool for policy analysts.

In managing balance-of-payments crises, interpreting NEO has two implications for policymakers: if NEO is
largely attributable to measurement errors, statistical adjustments and data compilation improvements take
precedence; but if the NEO largely reflects real, unrecorded capital movements, macro-prudential measures,
capital flow management, and international cooperation come to the fore (IMF BOPCOM, 2019, p. 13; GFlI,
2019, p. 33). Therefore, improving data quality and cross-checking with mirror statistics should be part of the
policy package.

The global financial cycle and risk appetite also influence NEO behavior: NEO may exhibit significant negative
deviations when hot money inflows to developing countries decline amid global liquidity squeezes (Cerutti et al.,
2017). Therefore, NEO should be interpreted not only at the national level but also in the context of international
liquidity conditions.
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In terms of policy implications specific to Turkiye, the continuity and directional variability of NEO are
important: a consistently positive/negative NEO indicates a structural problem in the external financing model or
a lack of recording and reporting; as a result, reserve management, foreign exchange liquidity policies, and data
transparency reforms should be priority policy areas (OECD, 2021, p. 26; Akcay & Gingen, 2019, p. 52).
Furthermore, the regular sharing of mirror statistics through international cooperation effectively increases NEO
transparency (IMF BOPCOM, 2019, p. 25).

In conclusion, the relationship among the balance-of-payments, crises, and informal capital flows is multi-
layered. Beyond being a technical balancing item, NEO serves as an indicator of liquidity crunches, informal
money movements, and data-collection deficiencies during crisis periods; therefore, NEO should be carefully
examined in both empirical analyses and policy assessments. The empirical part of this study also aims to reveal
the direction and strength of the relationship between NEO and Turkiye’s trade balance during the period 1990-
2024,

DATA AND METHODOLOGY

Data Set

This study uses annual data covering the period 1990-2024 for the Turkish economy. The data were compiled
from the World Bank and International Monetary Fund (IMF) databases. In selecting the data, we considered
both continuity and reliability. We focus on this period because the 1990s marked Turkiye’s move toward
economic openness and liberal capital movements.

Variables

The dependent variable used in the study is the Trade Balance (Balance). This variable is defined as exports (X)
minus imports (M). A positive figure means a surplus, and a negative indicates a deficit in foreign trade. The
foreign trade balance is an important index to reflect the level of the national economy dependent on foreign
trade and the pressure of current transactions (Kaya & Cicekgci, 2023).

The Net Error and Omission (NEO) variable has been used as the independent variable. NEO represents capital
movements of unknown origin in balance of payments statistics. It generally refers to unrecorded foreign
exchange inflows and outflows, recording errors, and untraceable transactions in financial flows. In the Turkish
economy, the NEO item frequently shows high values and is regarded as an important indicator of transparency
in capital flows and unrecorded money movements.

Consequently, we arranged the dataset so as to capture quantitatively and in time the evolution of Turkiye's
foreign trade and capital flows. For the analysis, we have been converted the variables to absolute values and
logarithmic form.

Methodology

In this paper, we investigate the extent to which the NEO and Trade Balance (Balance) in Turkiye are associated
during 1990-2024. The purpose of the analysis is to show empirically if there is any causality between two
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major constituents of the balance-of-payments. For this purpose, the Toda-Yamamoto (1995) Causality approach
was used. First, the maximum integration order of the variables, d-max, and the optimal lag length were
determined, and then the VAR(k+d-max) model was estimated. Causality relationships were tested using the
Wald test applied only to the first lag coefficients.

The model's equations were constructed as follows:

k+dmax k+dmax
LnBalance, = ay + z a,; LnBalance,_; + Z a; LnNEO,_; + &4, 1
i=1 i=1
k+dmax K+dmax
LnNEO, = B, + Z B1i LnNEO,_; + Z Boi LnBalance,_; + &5 2
i=1 i=1

Here:
o Balance: Trade balance,

o NEO: Net error and omission item,
e &t error term.

In the analysis, the Augmented Dickey-Fuller (ADF) unit root test was applied in the first stage to determine
whether the series was stationary. Non-stationary series were made stationary by differencing. the analysis
included an examination of bidirectional causality.

FINDINGS

Descriptive Statistics

As shown in Table 1, the Balance of Trade (Balance) variable has a negative average value, confirming that
Turkiye experienced a chronic trade deficit during the 1990-2024 period. The negative average value of the NEO
variable indicates that informal capital inflows primarily financed the foreign exchange deficit (TCMB, 2016, p.
16).

Table 1. Descriptive Statistics

Variables Mean Median Maximum Minimum Jarque-Berra Skewness Kurtosis
Balance -46.410.576 -43.294.182 -5.161.947 -109.540.825 2,734 (0,255) -0,477066  2,018000
NEO -65,2 -468 28821 -17830 17,638 (0,000148) 0,976179  5,877948

Source: Created by the author
Unit Root Test
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The stationarity of the time series was analyzed using the Augmented Dickey-Fuller (ADF) unit root test. If the
absolute value of the ADF test statistic is below the critical values proposed by McKinnon, the null hypothesis
indicating the presence of a unit root cannot be rejected, and it is concluded that the series is non-stationary. If
the null hypothesis cannot be rejected, the series must be differenced and retested for unit roots. This process is
repeated until the series becomes stationary and the null hypothesis is rejected. If the levels of the time series are
non-stationary but their first differences are stationary, the series are said to be first-order integrated, i.e., 1(1)
(Mensah & Okyere, 2020, p. 877).

Table 2. Unit Root Test Results-1
ADF Unit Root Test, Level Values

Test Statistic p Values Critical Values

%1 %S5 %10

LnBalance I(0)  None 0,4741 0.8123 -2,6327 -1,9507 -1,6111
Intercept -2,0075 0,2824 -3,6329 -2,9484 -2,6129

Trend and Intercept -2,8054 0,2049 -4,2436 -3,5443 -3,2047

LnNEO 1(0) None 1,0466 0,9189 -2,6392 -1,9517 -1,6106
Intercept -0,8866 0,7795 -3,6537 -2,9571 -2,6174

Trend and Intercept -6,0370 0,0001 -4,2529 -3,5485 -3,2071

Source: Created by the author
Note: The probability value is Mackinnon's (1996) one-tailed p-value, the maximum lag length is 8, and the appropriate lag length was
selected using the Akaike Information Criterion (AIC).

Table 2 shows the stationarity levels of the logarithm of the Balance and NEO variables. According to the ADF
test results, the Balance is not stationary at the level and contain a unit root, but it becomes stationary when its
first difference is taken (p<0.05). This finding indicates that the Balance series are stationary at the | (1) level.
The ADF Unit Root Test results for the first differences are presented in Table 3.

Table 3. Unit Root Test Results-2
ADF Unit Root Test, First Differences

ALnBalance I(1) None 8,0483 0.0000 -2,6369 -1,9513 -1,6107
Intercept -8,2253 0,0000 -3,6463 -2,9540 -2,6158
Trend and Intercept -8,1327 0,0000 -4,2627 -3,5530 -3,2096
ALnNEO I(1) None -6,7970 0,0000 -2,6392 -1,9517 -1,6106
Intercept -6,9324 0,0000 -3,6537 -2,9571 -2,6174
Trend and Intercept -6,8283 0,0000 -4,2733 -3,5578 -3,2124

Source: Created by the author

Although the ADF test results suggest that the LnNEO variable appears to be constant at the trend and intercept
level, this variable is not stationary in either the model at none or the model containing only an intercept. In terms
of order of integration, this paper takes a conservative/robust stance and analyzes all the models at the same time
rather than relying on a single outcome. Since adding a deterministic trend may bias the test towards the rejection
of the unit root null hypothesis, the stationarity of LANEO in level is taken with a grain of salt under this model.
Consequently, LNNEO is modeled as an I(1) variable, in line with the findings from alternative specifications.
In addition, the Toda—Yamamoto causality procedure only requires the identification of the maximum order of
integration, dmax, and there is no strict requirement that all variables are to be integrated at the same order. Thus,
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treating both series as 1(1) guarantees methodological rigor and robustness of the empirical investigation.

Table 3. VAR Model Lag Length

Lag LogL LR FPE AIC SC HQ

0 -82.71384 NA 0.683111 5.294615 5.386224 5.324981
1 -63.13311 35.49008 0.258249 4.320819 4.595645* 4.411916
2 -57.31698 9.814717* 0.231476* 4.207311* 4.665354 4.359139*
3 -54.04794 5.107869 0.244538 4.252996 4.894256 4.465556

Source: Created by the author

Before performing the Toda-Yamamoto causality test, the appropriate lag length is determined. According to

Table 3, the appropriate lag length (k) is 2.
Toda-Yamamoto Causality Test

The Toda and Yamamoto (1995) procedure is a technique which allows for series with different integration
orders and for testing for causality in levels. As a result, the current approach leads to more reliable results since
that it does not cause loss of information in the series. The lag length is determined in the first step, which is then
followed by estimating a augmented VAR model by adding the maximum integration order of the series to the
determined lag length to the maximum lag length. At the final stage, the Modified Wald (MWald) statistic is
calculated by imposing a null in the lags that correspond to the maximum integration order and the test for

causality is a result (Izgi, 2021, p. 8).

Table 4 shows the Granger-causality status of the variables using the Toda-Yamamoto causality test. VAR models
were then estimated for the system of equations with k=2, dmax=1 and the causal links of the variables were
tested. In the Toda-Yamamoto causality setting, one should clearly differentiate between the lag length k and the
augmented lag length k + dmax. The optimal lag length in the present study was found to be k = 2 according to
the Akaike Information Criterion. Since The maximum integration order of the variables was found to be dmax

=1, the VAR model was computed for (k + dmax) = 3 lags.

According to the Toda—Yamamoto procedure, the Modified Wald (MWald) test was conducted on the first k
lagged coefficients (i.e., the first two lags), and the extra lag was added in the model in order to guarantee the

validity of the asymptotic distribution of the test statistics.

Table 4. Toda-Yamamoto Test Results

Dependent Variable MWald k Probability Value Direction of Causality Result
Balance 0,878221 3 0,64461 NEO messsssssd Balance There is no causal
relationship

between the net
error and omission
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item and the trade
balance.
NEO 5,488069 3 0,06431 Balance mmmp NEO There is a one-way
partial weak
causality
relationship from
the foreign trade
balance to the net
error and omission
item.

Source: Created by the author
Note: The VAR model is estimated with (k + dmax) = 3 lags, while MWald statistics are computed based on the first k = 2 lags.

The findings give weak (marginal) evidence of a unidirectional causality from the foreign trade balance to the
net errors and omission (NEO) item at the 10% significance level (p = 0.064). But, it must be emphasized that
this result is not very strong and it is probable that it changes depending on the type of data and specification of

the model used, so it should be taken with a grain of salt.
Results and Conclusion

The results of this study reveal that the causal relationship between the Trade Balance and the Net Error and
Omission (NEO) item in Turkiye is unidirectional, from the trade balance to the NEO item. Conversely, no
statistically significant causal relationship was found from the NEO item to the foreign trade balance. This result
indicates that the NEO acts as an item that responds to foreign balance dynamics rather than being an active factor
determining the foreign trade balance.

This finding is consistent with studies that largely treat the NEO item as reflecting measurement errors, delayed
records, and inconsistencies in foreign trade transactions (Egilmez, 2012; Ciplak, 2005). In these approaches,
NEO is treated as a statistical balancing item that arises following disruptions to foreign trade or current account
balance. The causality relationship identified in this study, from the foreign trade balance to NEO, empirically

supports this interpretation.

The literature shows that fluctuations in the trade balance or current account, particularly during periods of crisis
and uncertainty, are associated with increases in the NEO item. In this context, the results of this study are largely
consistent with empirical findings (Ferretti & Razin, 1999; Blomberg et al., 2004; Akbas et al., 2014; Raza &
Zoega, 2019; Kesap & Sandalcilar, 2021; Kohler, 2022), the results of this study are largely consistent.

On the other hand, the findings of this study are also consistent with studies that fail to detect causality from the
NEO to the Balance (Ciplak, 2005; Egilmez, 2012; Kesap & Sandalcilar, 2021). This situation indicates that NEO
should be evaluated not as a tool for policymakers to steer the foreign balance, but rather as a result of
irregularities in foreign trade and capital movements. Therefore, this study presents findings that support the

literature arguing that the NEO item should be treated as a result variable rather than a cause variable.

In conclusion, the findings of this study emphasise the decisive role of the foreign trade balance in the NEO item
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and reveal that NEO is an indicator sensitive to foreign balance dynamics in the Turkish economy. In this respect,
the study produces results consistent with the literature that treats NEO as a dependent balancing item and

provides a complementary contribution to existing studies in terms of methodology.

Beyond the statistical interpretation of the results, the one-way causality identified between the trade balance and
the Net Error and Omission (NEO) item can be explained by various fundamental economic mechanisms. In
particular, fluctuations in the trade balance—especially persistent trade deficits—tend to lead to inconsistencies
between recorded and actual cross-border transactions. Such discrepancies can result from timing differences
when trades are recorded, underdeclaration or mispricing of imports and exports, and from unrecorded or
undisclosed capital flows relating to trade finance. As a result, these types of discrepancies are not reported
straightaway as errors and omissions in the capital and financial account, but are subsequently appearing as the
balancing item in the Balance of Payments. This mechanism is also relevant in the case of the Turkish economy
where some structural peculiarities such as high import dependency, exchange rate volatility, vulnerability to
external shocks may exaggerate the differences between actual and registered flows of capital. Ultimately, a
growing trade deficit or volatile trade patterns may cause the magnitude of statistical discrepancy to increase, and
hence to active movements in the NEO item. In this respect, instead of the foreign balance being "determined"
by NEO as a "stand-alone" consideration, NEO is to be regarded as a countervailing variable which is reflective
of the cumulative impact of measurement gaps, invisible financial flows, and other structural imbalances in the

foreign trade dynamics.

The conclusions of this paper has several relevant policy implications. First, as the Net Errors and Omissions
(NEO) item seems to respond to trade balance imbalances rather than cause them, policy efforts should focus on
addressing the structural causes of trade deficits, namely by reducing import dependence for energy and
intermediate goods and by raising export potential. Second, the fact that NEO is affected by differences in what
is recorded and what goes unrecorded indicates the need for the enhancement of the quality, transparency, and
coordination of balance-of-payments data. Improving data collection methodologies, institution-building, and the
use of mirror statistics and checking mechanisms could contribute to mitigate measurement errors and enhance
reliability. Third, because exchange rate fluctuations and external shocks may increase discrepancies,
macroeconomic stability and predictable exchange rate policies could indirectly help to reduce the fluctuations
of the NEO component. Finally, given that NEOs may in part capture unrecorded short-term capital flows, policy
implications should also include enhancing monitoring frameworks of capital flows and financial transactions so

as to improve financial transparency and the consistency of external sector statistics.

This study have limitations when evaluating the findings of this study. First, the analysis is the two-variable
setting considering the causality relation between NEO item and the foreign trade balance. While this approach

offers the advantage of clearly revealing the direct causal relationship between the variables, excluding potential
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mediating or control variables, such as the exchange rate, capital movements, financial openness, and economic

uncertainty, from the model may limit the scope of the results.

Second, the data used in the study are annual. While annual data allow for the analysis of long-term trends, they
may make it difficult to fully capture the dynamic effects of short-term shocks and sudden capital movements.
As a result, the influence of fluctuations in the NEO item may have been somewhat reduced, notably during

crises.

Third, by its nature, the NEO item may contain measurement errors, unrecorded transactions, and statistical
inconsistencies. Therefore, the uncertainties inherent in NEO data require caution in interpreting empirical results.
Although the Toda—Yamamoto method yield results that are robust to integration orders and structural breaks,

researchers cannot eliminate structural problems arising from data quality.
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Abstract

The purpose of this study is to identify the most accurate forecasting approach for Turkish monthly merchandise exports
by rigorously comparing statistical, machine learning, and deep learning methods on a low-frequency macroeconomic series
characterized by structural breaks and regime changes. Regarding methodology, eight models are evaluated, SARIMAX,
Prophet, Hybrid-S (SARIMAX+CatBoost), Hybrid-P (Prophet+CatBoost), XGBoost, CatBoost, Gated Recurrent Unit
(GRU), and Neural Basis Expansion Analysis for Time Series (N-BEATS), applied to monthly Turkish export data spanning
January 2002 to December 2025 (288 observations), evaluated over an 83-month walk-forward test period (February 2019—
December 2025), with Brent crude oil price, real effective exchange rate, and industrial production index as exogenous
variables. Walk-forward expanding-window validation eliminates look-ahead bias, hyperparameters are optimized via
Optuna with 50 trials, and statistical significance is assessed using Diebold-Mariano tests. The findings reveal that the
SARIMAX+CatBoost hybrid achieves the highest predictive accuracy (R? = 0.857, MAPE = 5.67%), marginally
outperforming standalone SARIMAX (R2 = 0.853, MAPE = 5.72%), while deep learning methods (GRU, N-BEATS)
perform substantially below all other models (R2 = 0.44 and 0.39, respectively), consistent with the literature on neural
networks applied to low-frequency, small-sample macroeconomic series. In terms of contribution, this study presents the
first unified eight-model benchmark for Turkish export forecasting under a strictly leakage-free walk-forward validation
protocol, introduces two novel hybrid architectures validated across multiple structural regimes including the COVID-19
shock, and empirically confirms the data-regime hypothesis: statistical and hybrid methods dominate in low-frequency,
small-sample, structurally unstable macroeconomic environments.
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INTRODUCTION

For developing countries, exports are a significant economic activity that supports increased production, creates
employment, and generates foreign exchange earnings. Analyzing the determinants of export performance is

therefore important for both academic research and economic policy formulation.

The classic export function is modeled within the framework of two approaches in economic literature. The first
model is a basic export-function model established by Goldstein and Khan (1985) and Senhadji and Montenegro
(1999). The second model refers to an approach defined as extended export functions, which incorporates
variables such as production capacity, energy prices, cost factors, and competitiveness, in addition to exports,
foreign income, and real exchange rate variables. Within this framework, Turkiye presents a particularly
instructive case: a large emerging market that has undergone rapid export growth alongside recurring
macroeconomic instability, making it an ideal setting to test the explanatory power of both extended export

functions and modern forecasting methods.

International trade constitutes one of the principal engines of economic growth. For an emerging market economy
such as Turkiye, exports serve as a primary driver of gross domestic product expansion, foreign exchange
accumulation, and employment creation. Since the structural reforms of the early 2000s, Turkish merchandise
exports have grown from approximately USD 36 billion in 2002 to over USD 255 billion in 2023, reflecting a
sustained integration into global value chains. The breadth of this export expansion is further documented by
Kavacik (2023), who employs the Revealed Symmetric Comparative Advantage Index across 99 product chapters
to show that Turkiye's number of competitive export categories increased from 37 in 2001 to 45 in 2021, with
newly emerged advantages in high-value sectors including vehicles and aluminium, a structural upgrading that
underscores the dynamic export environment the present forecasting models must capture. This expansion has
not, however, been monotonic: Tiirkiye’s export trajectory has been punctuated by multiple macroeconomic
shocks, including the 2008-2009 global financial crisis, the 2018 currency crisis that triggered a sharp
depreciation of the Turkish lira, and the COVID-19 pandemic that caused an abrupt contraction in global demand
in early 2020. The fiscal dimension of this instability is quantified by G6ze Kaya and Durgun Kaygisiz (2023),
who demonstrate, via Johansen cointegration, that budget deficits and the money supply are cointegrated with
inflation in Turkiye over 2003-2023, with a 1% increase in the budget deficit raising inflation by 0.06%. This
finding confirms the cost-push and demand-side pressures operating on the macroeconomic environment within
which the present export series is embedded. Accurately forecasting this volatile yet economically vital series
requires methods capable of handling structural breaks, regime changes, and nonlinear dynamics simultaneously,

a challenge that has motivated three successive generations of forecasting approaches.

The forecasting literature has evolved through three broad methodological generations. The first generation relied

on classical time-series models, primarily autoregressive integrated moving average (ARIMA) variants and their
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seasonal extensions (SARIMA, SARIMAX), which exploit temporal autocorrelation and accommodate
exogenous regressors within a parametric framework (Box et al., 2016). Applied to Turkish trade, time-series
approaches have a substantial empirical base: lossifov and Fei (2019)’s working paper documented a structural
break in the Real Effective Exchange Rate (REER) elasticity of Turkish real exports around 2008, finding that
the long-run relationship between the exchange rate and export volumes shifted sign after the global financial
crisis, evidence of regime-dependent dynamics directly relevant to the present modeling framework. Unal and
Karamelikli (2026), using monthly bilateral trade data between Trkiye and Germany from 2002 to 2021, showed
that nonlinear autoregressive exogenous (NARX) neural networks outperform traditional ARIMA models on
disaggregated commodity sections, while also finding that forecast performance varies substantially across
sectors, an observation motivating the aggregate-level analysis conducted here. More recently, Cakmakli (2025)
examines the long- and short-run relationships between the exchange rate, exports, imports, and GDP per capita
in the Turkish economy over 1994-2023 using Johansen cointegration and VECM, finding no significant long-
run cointegration between the exchange rate and exports, a result attributed to Turkiye's dependence on global
demand conditions and its import-driven export structure, which further underscores the structural complexity
motivating the present forecasting framework. The second generation introduced machine learning (ML)
approaches, including gradient-boosted trees, random forests, and support vector regression, that capture
nonlinear relationships among predictors without imposing parametric constraints. In the context of Turkish trade
forecasting, Gulzar et al. (2024) applied artificial neural networks, logistic regression, and support vector
regression to predict Tiirkiye’s high-technology exports using World Bank data for 20072023, finding that ANN
achieved the highest accuracy among the three approaches, a result that underscores the potential of ML methods
for Turkish trade series while leaving open the question of which architecture performs best on aggregate monthly
merchandise exports under a leakage-free walk-forward protocol. The third generation encompasses deep
learning (DL) models, such as long short-term memory (LSTM) networks, GRU, and purpose-built architectures
like N-BEATS, designed to learn complex temporal dynamics directly from data. Despite their theoretical
capacity, DL models have shown mixed results on short macroeconomic series characterized by structural

instability (Hewamalage et al., 2021).

However, the empirical record on which generation performs best is far from settled. The M4 forecasting
competition (Makridakis et al., 2020), which evaluated 61 methods across 100,000 time series, found that pure
ML methods performed poorly relative to statistical benchmarks on monthly macroeconomic data, while the
winning submission employed a statistical-ML hybrid that achieved approximately 9.4% improvement over the
combination benchmark. The M5 competition (Makridakis et al., 2022), conducted on daily retail sales data with
over 42,000 series, produced a more favorable assessment of ML methods, illustrating that relative performance

is strongly conditional on data frequency and sample size. A growing strand of research, therefore, advocates
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combining the structural interpretability of statistical methods with the nonlinear correction capacity of ML
algorithms (Petropoulos et al., 2022).

Despite the growing methodological literature, three gaps remain. First, no existing study applies a unified eight-
model comparison, spanning statistical, ML, DL, and hybrid architectures, to Turkish export data under a strictly
leakage-free walk-forward validation protocol. Second, the two-stage hybrid residual correction approach has not
been evaluated on an emerging market export series subject to multiple structural breaks. Third, the relative
performance of modern DL architectures (GRU, N-BEATS) against classical alternatives has not been
systematically assessed for Turkiye. This paper addresses all three gaps by conducting a rigorous,
methodologically unified comparison of eight forecasting approaches on monthly Turkish exports from January
2002 to December 2025.

This study aims to examine the key determinants of exports within the framework of an extended export function.
Consistent with the demand-side specification of Goldstein and Khan (1985), the Real Effective Exchange Rate
(REER) is included to capture price competitiveness; an appreciation of the REER implies a deterioration in
Turkiye's export competitiveness and is expected to exert a negative effect on export volumes. Following the
supply-side extensions in the literature, the Industrial Production Index (IP1) is included as a proxy for domestic
production capacity and exportable goods volume. Brent crude oil price is incorporated to capture cost-push
pressures, global demand conditions, and terms-of-trade effects, consistent with practice in studies on energy-
importing emerging markets. Together, these three variables operationalize the extended export function

framework, encompassing both export demand factors (REER, Brent) and export supply factors (IP1).

The study is expected to contribute to understanding export dynamics and providing guiding findings for

policymakers.
Building on the three research gaps identified above, this study tests the following hypotheses:

H1: Statistical and hybrid models achieve higher predictive accuracy than pure machine learning and deep
learning models when applied to low-frequency, small-sample, and structurally unstable macroeconomic export

series.

H2: Two-stage hybrid residual correction (Hybrid-S and Hybrid-P) yields higher predictive accuracy than their
respective statistical base models (SARIMAX and Prophet).

H3: Deep learning architectures (GRU and N-BEATS) underperform relative to statistical and hybrid alternatives

in the presence of structural breaks and limited training observations.

The remainder of this paper is organized as follows. Section 2 presents related works. Section 3 describes the

dataset, preprocessing, model specifications, training procedure, and evaluation metrics. Section 4 presents
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empirical results. Section 5 provides a broader discussion. Section 6 concludes.
RELATED WORKS

Export forecasting has attracted a broad empirical literature spanning classical econometric methods, machine

learning approaches, and studies focused specifically on Tiirkiye’s trade dynamics.

A substantial body of research applies classical time-series and econometric methods to export forecasting across
different countries and periods. Wong et al. (2010) examine Taiwan’s export performance using ARIMA and
Vector Autoregressive Moving Average (VARMA) models, while Lehmann (2021) applies an Autoregressive
Distributed Lag (ADL) framework to EU countries over 1996-2016. Ghauri et al. (2020) employ Box-Jenkins
and ARIMA models for Pakistan, and Rahmaddi and Ichihashi (2012) analyze Indonesian export dynamics over
1971-2007. Kumar (2009) estimates China’s export demand function using the Johansen cointegration method.
Harb (2007) applies Dynamic Ordinary Least Squares (DOLS) and Fully Modified Ordinary Least Squares
(FMOLS) estimators to trade flows between Arab countries and the Eurozone, and Pifieres and Cantavella-Jorda
(2010) examine the short-run effects of currency devaluation on Latin American exports using pooled time-series
estimations. Ko¢ Yurtkur and Tay Bayramoglu (2012) analyze export determinants across emerging market

economies for 1994-2009 using a panel data approach.

More recent studies have introduced machine learning and hybrid approaches to capture nonlinear export
dynamics. Dave et al. (2021) combine ARIMA with an LSTM neural network to forecast Indonesian exports,
demonstrating the gains achievable by augmenting classical models with deep learning components. Yuan (2017)
applies Particle Swarm Optimization and the Group Method of Data Handling (GMDH) to import and export
forecasting in the Shenzhen area. Avsar and Ecemis (2023) compare a range of ML methods, including linear
regression, Gaussian Process Regression, and Support Vector Regression, applied to Turkiye's trade flows over

1969-2022, and find that nonparametric approaches offer competitive accuracy at longer horizons.

A separate strand of the literature focuses specifically on Tiirkiye’s export dynamics. Koggat (2008) investigates
the linkages between exports, exchange rates, and economic growth using Johansen cointegration. Vergil (2010)
tests the home market effect in Turkish exports using ARDL-based gravity equations across 42 partner countries.
Altintas et al. (2011) examine the long- and short-run relationships between Turkish exports, foreign income,
exchange rates, and relative prices over 1993-2009 using multivariate cointegration and ECM. Alakbarov et al.
(2017) estimate Tiirkiye’s export demand function for 2001-2013.

Taken together, this literature establishes three observations that motivate the present study. First, classical time-
series and econometric methods remain the dominant approach in export forecasting but are limited in their ability
to capture nonlinear dynamics and structural breaks. Second, ML and hybrid methods have shown promise but

have not been systematically benchmarked against one another on Turkish aggregate export data under a leakage-
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free validation protocol. Third, no existing study simultaneously evaluates statistical, ML, DL, and hybrid

architectures on a single Turkish export series, leaving open the question of which modeling paradigm performs
best in this structurally complex environment.

METHODOLOGY

A comprehensive flowchart of the full methodology pipeline is provided in Figure 1.

( 1 Data Ingestion
Turkish Exports Brent Crude Real Effective Industrial
(Target) Oil Price Exchange Rate (REER) § Production Index (IPI)

288 monthly raw observations

2 Preprocessing

[ Log-transform

Linear Interpolation ]

276 usable observations

3  Feature Engineering

‘ Lag Features ] ‘ Rolling Means

Calendar & Structural
Dummies

4 Model Architecture

Machine Learning

Statistical Models Deep Learning

SARIMAX XGBoost GRU
Prophet CatBoost { N-BEATS

o

5  Hybrid Correction Layer

Hybrid-S
(SARIMAX + CatBoost)

Hybrid-P
(Prophet + CatBoost)

&

Walk-Forward Expanding

Window Validation

Performance Metrics
(RMSE, MAE, R?, MAPE)

Figure 1: Complete methodology flowchart
Source: Created by the author.
Dataset and Preprocessing

The primary dataset consists of 288 monthly observations on Turkish merchandise exports (in thousands of USD)
spanning January 2002 to December 2025, sourced from the Turkish Statistical Institute (TUIK) and the Turkish

Exporters Assembly (TIM). Four macroeconomic variables serve as exogenous regressors:
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e Exports (TiM, 2026).

e Brent Crude Oil Price (USD/barrel): serves as a cost-push factor and a proxy for global demand conditions
(FRED, 2026).

e Real Effective Exchange Rate (REER): captures price competitiveness; an appreciation implies a

deterioration in Tirkiye’s export competitiveness (TCMB, 2026).

e Industrial Production Index (IP1): captures domestic supply capacity and serves as a leading indicator of
exportable goods volume (TUIK, 2026).

Raw Time Series (2002-2025)

(a) Exports (K USD) (b) Brent Oil (USD)
COVID-19 COVID-19
25,000,000
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20,000,000 1 100
15,000,000 80
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0 50 100 150 200 250 300 0 50 100 150 200 250 300
(c) Real Effective Exchange Rate (d) Industrial Production Index
COVID-19 COVID-19
120 4
110 4
100 4
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70 4
0 50 100 150 200 250 300 0 50 100 150 200 250 300

Figure 2: Raw time series of Turkish exports, Brent oil price, real effective exchange rate, and industrial production
index (2002-2025).

Source: Created by the author.

Figure 2 presents the raw time series of all four variables over the full sample period, with the COVID-19 onset
(March 2020) highlighted by a vertical reference line. Missing values are imputed via linear interpolation. All
four series are log-transformed (loglp) prior to modeling to stabilize variance and approximate stationarity in
growth rates. For ML and DL models, engineered features include: cyclical month encoding (sine/cosine), a
normalised year trend signal, lag features at 1, 2, 3, 6, and 12 months, 3- and 12-month rolling averages of the
lagged series, a COVID-19 structural break dummy (March—December 2020), and a post-COVID recovery
indicator (from January 2021). All features are constructed in a leakage-free manner, ensuring that only
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information available at forecast time is used.

After applying lag features (maximum lag: 12 months), 276 observations are usable for modeling; the December
2025 IPI value, unavailable at the time of writing, is imputed via linear interpolation. The sample is divided into
an initial training window of 70% (193 months, Jan 2002—Jan 2019) and a test period of 30% (83 months, Feb
2019-Dec 2025), ensuring the test period spans both the COVID-19 shock and the post-pandemic recovery.

Methods

Table 1 provides a consolidated overview of the input features used by each model. A key distinction exists
between statistical and non-statistical approaches: SARIMAX and Prophet encode temporal autocorrelation
through their internal model structures and therefore require only the five exogenous regressors as supplementary
inputs. By contrast, XGBoost, CatBoost, GRU, and N-BEATS lack built-in memory and rely on engineered lag
features, rolling means, and calendar encodings, yielding a 15-dimensional feature vector. The hybrid correctors

(Hybrid-S and Hybrid-P) operate on a distinct input domain, receiving only lagged residuals from their respective

base models.
Table 1: Model Input Feature Summary
Model Category Input Features # Feat.

SARIMAX Statistical log_exports + 5 exogenous: log_oil, log_REER, log_IPI, covid_dummy, 5 exog
post_covid_dummy

Prophet Statistical log_exports as y + same 5 regressors: log_oil, log_REER, log_IPlI, 5 exog
covid_dummy, post_covid _dummy

XGBoost ML 15 features: log_oil, log_REER, log_IPI, month_sin, month_cos, year_norm, 15
lag_1/2/3/6/12, MA-3, MA-12, covid_dummy, post_covid_dummy

CatBoost ML Identical 15-feature vector as XGBoost 15

GRU DL Sliding window (w=12-24) of the same 15-feature vector as XGBoost/CatBoost 15 xw

N-BEATS DL Lookback window of log_exports (w=12-24) + 15-feature exogenous vector 15+w
via projection layer

Hybrid-S/P Hybrid 6 residual-lag features from base model: 1._1, 74—, Tt—3, Tt Te—12, MA3: 4 6

Source: Created by the author.
SARIMAX

The Seasonal Autoregressive Integrated Moving Average with eXogenous variables (SARIMAX) method is used
in time series analysis. The model is an advanced econometric method capable of analyzing trends, external
shocks, and seasonal fluctuations. Moreover, this method is widely used in forecasting macroeconomic variables

such as energy demand, inflation, and exports (Box et al., 2016).

The SARIMAX model is specified as SARIMAX(p, d, q)(P, D, Q):2, as given in Equation 1.
¢P(Blz)¢p(3)(1 - B)*(1 - B)Py, = O (312)9q (B)e: + B'x; (1)

where B is the backshift operator; y, is the natural logarithm of Turkish merchandise exports at month t, log-

transformed to stabilise variance and render multiplicative  seasonality  additive;, x; =
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[log_oil;,1og REER,log_IPI;, covid,, post_covid,]’ is the vector of five exogenous regressors at time t; [ is the
corresponding coefficient vector capturing the partial effects of each regressor on log-exports, holding the

autoregressive dynamics constant; and &, ~ N(0, 6?) is a white noise disturbance.

The non-seasonal operators ¢,,(B) and 6,(B) govern short-run autocorrelation and moving-average dynamics,
respectively. Their seasonal counterparts, ®»(B'?) and 6,(B'?), operate at the 12-month lag, capturing the
strong intra-year periodicity evident in Turkish export data, which is driven by agricultural cycles, tourism-linked
manufacturing demand, and automotive sector production schedules. The differencing operators (1 — B)¢ and
(1 — B*?)P render the series stationary in the non-seasonal and seasonal dimensions, respectively; for the present
series, d = 1 (first difference to remove the stochastic trend) and D = 1 (seasonal difference to eliminate the

seasonal unit root) are selected by the Augmented Dickey-Fuller (ADF) unit root test.

Model orders (p,d, q)(P, D, Q),, are selected by minimizing the Akaike Information Criterion (AIC) using the
pmdarima auto_arima procedure with stepwise search over p,q € {0,1,2,3} and P,Q € {0,1,2}. AIC is
preferred over BIC in this context because it penalizes model complexity less severely, reducing the risk of
underfitting in a series with rich seasonal and structural dynamics. The stepwise search evaluates candidate
models in decreasing order of complexity, halting when no further reduction in AIC is achievable, thereby
substantially reducing the computational cost relative to exhaustive grid search.

SARIMAX is well-suited to the present application for three reasons. First, its explicit seasonal operators directly
capture the 12-month periodicity of Turkish exports, eliminating the need for manual seasonal dummy variables.
Second, the exogenous regressor vector x; allows the structural break dummies (covid;, post_covid,) to enter
the model as level-shift interventions with estimated coefficients, providing an interpretable quantification of the
COVID-19 shock and recovery magnitude. Third, the parsimonious parametric structure, typically requiring
fewer than ten free parameters, is well-identified given the 193-observation training window, a condition under

which data-hungry alternatives such as deep learning architectures are known to underfit.
Prophet

The Prophet method is an additive modeling approach that decomposes structural components such as
seasonality, exogenous effects, and trends. The method is widely used in financial and econometric series because
it provides flexible and robust forecasts even on datasets containing outliers, missing observations, and seasonal
fluctuations (Taylor & Letham, 2018).

Prophet is an additive decomposition model, as defined in Equation 2 (Taylor & Letham, 2018):

y(t) = g(t) + s@) + h(t) +e )
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where g(t) is a piecewise-linear trend with automatic changepoint detection, s(t) captures Fourier-series
seasonality, and h(t) accommodates user-specified events. Exogenous regressors are included as linear additive
terms. Yearly seasonality is enabled, and all five regressors are added as additional regressors. The changepoint
prior scale is set to 0.05.

XGBoost

eXtreme Gradient Boosting (XGBoost) is an advanced ML-based prediction algorithm that achieves accurate
predictions by optimizing a gradient boosting ensemble of decision trees. The model is used in areas such as
financial risk analysis, time series prediction, and economic forecasting. The method has gained prominence in
modern data science and econometrics literature owing to its combination of predictive accuracy and

computational efficiency (Chen & Guestrin, 2016).

XGBoost minimizes a regularized objective over an ensemble of decision trees, as given in Equations 3 and 4
(Shangguan, 2025):

n K

L) = ) 10090+ ) 0(f) ©
i=1 k=1

() =T + 0521wl @

where L(y;, y;) is a differentiable convex loss function measuring the difference between the prediction J; and
the true value y;, and 2(f;) is the regularization term defined in Equation 4, where y is the minimum loss
reduction required to make a leaf split, T is the number of leaves, A is the L2 regularization coefficient, and w is
the vector of leaf weights. Hyperparameters are optimized via the Tree-structured Parzen Estimator (TPE), a
Bayesian optimization algorithm, using Optuna (Akiba et al., 2019), with 50 trials conducted on a held-out 20%

validation slice of the initial training window.
CatBoost

CatBoost (Categorical Boosting), is an ML method based on the gradient boosting algorithm, specifically
designed for efficiently handling categorical variables. This method stands out for its ability to incorporate
categorical data without additional preprocessing, its mitigation of the overfitting problem through its ordered
boosting approach, and its capacity to deliver high predictive performance even on small datasets. It is widely

used in fields such as economics and finance (Prokhorenkova et al., 2018).

CatBoost introduces ordered boosting and symmetric oblivious trees to reduce prediction shift—the bias arising
when the same training examples are used to compute both the gradient and the model update (Prokhorenkova et

al.,, 2018). This property is particularly beneficial for small-to-medium datasets, reducing overfitting.
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Hyperparameters are optimized via Optuna TPE with 50 trials.
GRU

GRU is a DL method. Specifically developed for modeling datasets with time dependencies. The model learns
long-term dependencies and produces more stable predictions by mitigating the vanishing gradient problem
inherent in traditional Recurrent Neural Networks (RNN). The method used in areas such as demand forecasting,
financial time series, and macroeconomic variable prediction (Cho et al., 2014).

The GRU controls information flow through reset and update gates, as defined in Equations 5 through 8 (Gu et
al., 2026):

zy = o(Wyx, + Uyhy_; + b,) (update gate) (5)
e = o(Wpx; + Ur-hy_; + b,.) (reset gate) (6)
he = tan(Wyx, + Up(ry © he_q) + bp) (7)
he=(1—-2)Qhey +2,Ohy (8)

where ¢ is the sigmoid activation function, tanh is the hyperbolic tangent, and © denotes element-wise

multiplication.

The GRU is implemented in PyTorch with AdamW optimizer, cosine annealing scheduling, Huber loss (6=1.0),
gradient clipping, and early stopping. Architecture hyperparameters are optimized via Optuna TPE with 50 trials.

N-BEATS

N-BEATS is a DL-based time series forecasting model. N-BEATS can decompose structural patterns within data
using layered blocks without requiring any prior assumptions. It is widely used in forecasting financial variables,
energy demand, and economic indicators. In modern time series analysis, N-BEATS is considered a significant
DL approach (Oreshkin et al., 2019).

N-BEATS decomposes forecasts via a stack of trend, seasonality, and generic blocks, each producing a backcast

and forecast, as given in Equations 9 and 10 (Oreshkin et al., 2019):

Xp =Xp_1 —Xpq 9)

y = Z Ye (10)
{

Trend blocks project onto a polynomial basis; seasonality blocks project onto a Fourier basis. Exogenous
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regressors are integrated via a dedicated projection layer. Hyperparameters are optimized via Optuna TPE with
50 trials.

Hybrid-S (SARIMAX + CatBoost)

Hybrid-S is a hybrid approach for modeling both linear and nonlinear relationships in time series. The method
integrates the strengths of time series models and ML algorithms within a unified framework. The SARIMAX
model captures the linear structure of the series as a function of seasonality, trend, and exogenous variables. In
contrast, the residual components are remodeled with the CatBoost algorithm to capture nonlinear patterns.
Through this approach, the ML component captures complex data relationships that classical econometric models
cannot explain, thereby increasing prediction accuracy.

Hybrid-S combines the SARIMAX base model with a CatBoost residual corrector. In the first stage, SARIMAX

is fitted on the full in-sample window and its in-sample residuals, defined in Equation 11, are computed:

1 = yp - gEARIAY 1)

In the second stage, a CatBoost model is trained to predict these residuals, defined in Equation 12:
~Hybrid—-S ~
Ve v = PPARMAX - f ot (e, Tem s Tem3, o6 Te—12, MA3,_1) (12)

During walk-forward validation, the residual history is updated at each step with the true forecast error, ensuring
the corrector always operates on genuinely out-of-sample residuals. CatBoost hyperparameters are optimized via
Optuna TPE with 50 trials.

Hybrid-P (Prophet + CatBoost)

Hybrid-P combines Prophet with a CatBoost residual corrector to model both nonlinear data relationships and
structural time series components. It combined statistical modeling with ML techniques. Hybrid models have
consistently demonstrated superior performance in financial and economic time series, making such approaches

increasingly prevalent in the modern forecasting literature.

Hybrid-P is architecturally identical to Hybrid-S but substitutes Prophet as the base model, as given in Equation
13:

yfybrid_P = yfmphet + feat(Me—1, Te—2, Te—3, Te—6) Tt—12, MA3¢_41) (13)
Comparing Hybrid-P with Hybrid-S allows us to isolate the base model's contribution to overall hybrid

performance while holding the correction mechanism constant.
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Model Training Procedure

All models are evaluated under walk-forward expanding-window validation. Beginning with an initial 70%
training window, each model produces a one-step-ahead forecast; the training window expands by one
observation, and the model is retrained before the next forecast. This procedure produces 83 genuine out-of-
sample predictions. Hyperparameter optimization for ML and DL models is performed once on the initial training
window, using a held-out 20% validation slice with time-ordered splitting to prevent data leakage.

Evaluation Metrics
Four metrics are used to evaluate point forecast accuracy.

Root Mean Squared Error (RMSE) (Equation 14) penalizes large errors quadratically and is expressed in USD to
preserve interpretability in the original scale:

n
1
RMSE = |~ (= 9,)? (14)
i=1
Mean Absolute Error (MAE) (Equation 15) applies a linear penalty and is less sensitive to outliers than RMSE:

n
1
MAE == "|y, — | (15)
i=1

Coefficient of Determination (R?) (Equation 16) measures the proportion of variance explained; a value of zero

indicates performance equivalent to a naive mean forecast:

Z?=1(3’i - yi)z

R =1-— 4

(16)

Mean Absolute Percentage Error (MAPE) (Equation 17) is scale-free and facilitates cross-period and cross-study

comparison:

n
100 = 9
MAPE — Zlyl Jil 17
n P |yl

Statistical significance of pairwise performance differences is assessed with the Diebold-Mariano test (Diebold
& Mariano, 1995), using squared-error loss differentials with heteroscedasticity- and autocorrelation-consistent

standard errors. Hybrid-S serves as the reference model for all pairwise comparisons.
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RESULTS

Table 2 presents the walk-forward validation performance of all eight models over the 83-month test period from
February 2019 to December 2025. Models are ranked in descending order of R2. The evaluation window
encompasses multiple structural regimes: the pre-COVID expansion (February 2019—February 2020), the acute
COVID-19 contraction (March—December 2020), the sharp V-shaped recovery (2021), and the elevated but
volatile export plateau driven by global inflationary pressures and Tiirkiye’s exchange rate depreciation (2022—

2025).

Table 2: Walk-Forward Validation Results — Test Period (2019-2025)

Model Category RMSE (USD) MAE (USD) R? MAPE (%)
Hybrid-S Hybrid 1,387,621 1,045,676 0.8566 5.67%
SARIMAX Statistical 1,403,969 1,061,353 0.8532 5.72%
Hybrid-P Hybrid 1,499,204 1,176,326 0.8326 6.25%
Prophet Statistical 1,527,050 1,201,225 0.8263 6.35%
CatBoost ML 1,541,215 1,203,852 0.8230 6.59%
XGBoost ML 1,568,495 1,235,916 0.8167 6.69%
GRU DL 2,743,094 2,289,865 0.439%4 11.95%
N-BEATS DL 2,861,628 2,285,606 0.3899 12.22%

Source: Created by the author.

The results reveal a clear and statistically grounded performance hierarchy across all four evaluation metrics.
Statistical and hybrid models uniformly outperform both pure ML and DL approaches, with the performance gap
between the top tier (Hybrid-S, SARIMAX, Hybrid-P) and the DL tier (GRU, N-BEATS) being both large in
magnitude and consistent across all metrics. RMSE for Hybrid-S is 1,387,621 USD, while GRU and N-BEATS
produce RMSE values of 2,743,094 and 2,861,628 USD, respectively, a nearly two-fold difference that reflects

a systematic inability of DL models to track the export series across the full test window.

Hybrid-S (SARIMAX + CatBoost) achieves the highest overall accuracy, with R2 = 0.857 and MAPE = 5.67%.
The companion hybrid, Hybrid-P (Prophet+CatBoost), ranks third overall with R2 = 0.833 and MAPE = 6.25%.
The consistent improvement of both hybrid models over their respective base models, SARIMAX improving
from R2 = 0.853 to 0.857, and Prophet from R? = 0.826 to 0.833, confirms that the CatBoost residual corrector
captures systematic nonlinearity that the base statistical models leave unexplained, regardless of which base

model is employed.

Among standalone models, SARIMAX ranks second overall with Rz = 0.853, MAPE = 5.72%, RMSE =
1,403,969 USD, and MAE = 1,061,353 USD. The Diebold-Mariano test p-value of 0.089 for the SARIMAX—-
Hybrid-S comparison indicates the null hypothesis of equal predictive accuracy cannot be rejected at the 5%
level, suggesting that the practical decision between SARIMAX and Hybrid-S may be governed by considerations
of computational simplicity rather than statistical dominance alone. Prophet ranks fourth (R2 = 0.826, MAPE =
6.35%).
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The two pure ML models occupy the middle tier. CatBoost (Rz = 0.823, MAPE = 6.59%) marginally but
consistently outperforms XGBoost (R?=0.817, MAPE = 6.69%) across all four metrics. Both ML models achieve

R2 above 0.81, validating the feature engineering pipeline.

GRU and N-BEATS exhibit substantially inferior performance across all metrics. GRU achieves Rz = 0.439,
MAPE = 11.95%, RMSE = 2,743,094 USD; N-BEATS achieves Rz = 0.390, MAPE = 12.22%, RMSE =
2,861,628 USD. The practical magnitude of the shortfall is substantial: GRU’s RMSE exceeds Hybrid-S’s by
approximately USD 1.36 billion per month. Diebold-Mariano tests confirm that Hybrid-S is statistically
significantly more accurate than GRU (p < 0.001) and N-BEATS (p < 0.001) at the 1% level, and also superior
to Prophet (p = 0.031) at the 5% level.

Visual inspection of Figure 3 corroborates the quantitative metrics. Hybrid-S and SARIMAX closely track the
actual export trajectory across all sub-periods, correctly capturing the sharp COVID-19 contraction and the steep
V-shaped recovery. Hybrid-P and Prophet reproduce the broad trend but show greater local deviation around the
2022—-2023 exchange-rate-driven export spike. GRU and N-BEATS exhibit qualitatively different failure modes:
both models systematically underpredict the post-2021 export expansion, producing forecasts anchored at the

pre-pandemic level.

Figure 4 makes the bimodal ranking structure immediately apparent: the top six models cluster tightly in R2 space
between 0.817 and 0.857, while GRU and N-BEATS fall below by approximately 0.38 R2 units. Figure 5 reveals
that Hybrid-S and SARIMAX exhibit the narrowest interquartile ranges and median errors close to zero,
confirming the absence of systematic bias. The DL models exhibit pronounced left skew in the error distribution,

with long negative tails reflecting systematic underprediction concentrated during the 20212023 recovery phase.
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Figure 3: Walk-forward forecast trajectories for all eight models over the 83-month test period (2019-2025).
Source: Created by the author.
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Model Performance Comparison
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Figure 4: Lollipop charts comparing model performance across R? (left), MAPE (%) (center), and RMSE in thousands of
USD (right).

Source: Created by the author.
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Figure 5: Horizontal box plots of the percentage forecast error distribution for each model over the test period.
Source: Created by the author.
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DISCUSSION

The results of this study admit coherent and internally consistent interpretation. The consistent outperformance
of Hybrid-S and Hybrid-P over their respective base models provides direct empirical support for the
complementarity hypothesis advanced by Bates and Granger (1969). SARIMAX and Prophet each capture the
dominant linear structures of the series, namely trend, seasonal periodicity, and the level shifts induced by the
2018 currency crisis and the COVID-19 pandemic, through their parametric equations and explicitly specified
dummy variables. The CatBoost residual corrector then extracts the systematic nonlinear component that remains
in the base-model errors. Crucially, this improvement is observed for both statistical base models and to
comparable magnitudes (AMAPE of approximately 0.6 percentage points), confirming that the hybrid benefit is
model-agnostic. The modest absolute magnitude of the improvement (AR? = 0.004 for Hybrid-S over SARIMAX)
further indicates that the dominant structural features of Turkish export dynamics are already well captured by

the linear model.

The underperformance of GRU and N-BEATS reflects a well-documented empirical regularity: DL architectures
require large datasets to realize their representational capacity advantage. With 276 usable observations, the
present dataset falls substantially below the threshold at which gradient-based optimization of networks with tens
of thousands of parameters converges reliably (Makridakis et al., 2020). The walk-forward protocol exacerbates
this challenge: at each of the 83 test steps, the DL model is retrained from random initialization on a window of
only 193 observations. The COVID-19 structural break compounds the difficulty: statistical models
accommodate the March 2020 shock through an explicitly specified dummy variable; gradient-boosted tree
models propagate the shock through the lag feature vector within one to twelve months; DL models must infer
the regime shift entirely from gradient updates with only a handful of post-break observations, a task inherently
ill-conditioned given the network architecture’s degrees of freedom. The systematic underprediction of the post-
2021 recovery phase is particularly illustrative in this regard. The V-shaped rebound in Turkish exports during
2021-2023 was driven by a confluence of factors: the global demand surge following pandemic-era supply chain
normalization, the sharp depreciation of the Turkish lira which boosted export competitiveness, and elevated
commaodity prices. These were structurally novel conditions with no close historical analogue in the 2002—-2019
training window. Statistical models handled this regime shift through their explicitly parameterized dummy
variables and REER coefficient, while gradient-boosted models captured it through lag features within a short
propagation window. DL models, however, lacked sufficient post-break observations to update their internal

representations, resulting in forecasts anchored at pre-pandemic export levels throughout the recovery phase.

The performance hierarchy documented here is consistent with the M4 competition (Makridakis et al., 2020),
where pure ML methods performed below expectations on monthly macroeconomic data and the winning

statistical-ML hybrid (ES-RNN) achieved approximately 9.4% improvement over the combination benchmark,
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a result strikingly analogous to the present finding. By contrast, the M5 competition (Makridakis et al., 2022),
which focused on daily retail sales with over 42,000 series, showed gradient-boosted methods to be dominant.
This reversal illustrates the data-regime hypothesis: statistical and hybrid methods dominate in the low-frequency,
small-sample, structurally unstable regime; pure ML and DL methods gain advantage only when training data is

abundant, high-frequency, and structurally stable.
CONCLUSION

This study presents a comprehensive benchmarking exercise comparing eight forecasting models trained on
monthly Turkish export data spanning 2002-2025, evaluated over an 83-month walk-forward test period
(February 2019-December 2025). The central finding is that the SARIMAX+CatBoost hybrid model achieves
the highest predictive accuracy (R? = 0.857, MAPE = 5.67%), followed closely by standalone SARIMAX (R? =
0.853) and the Prophet+CatBoost hybrid (R? = 0.833). ML models deliver competitive performance (R? =~ 0.82)
that substantially exceeds DL alternatives. GRU and N-BEATS achieve R2 values of 0.44 and 0.39, respectively,
confirming that DL is poorly suited to the low-frequency, small-sample, structurally unstable environment of

macroeconomic export data.

For policy institutions and trade ministries requiring monthly export forecasts, Hybrid-S offers a practical
operational solution: the SARIMAX base model provides interpretable coefficient estimates for policy
communication. At the same time, the CatBoost correction layer captures residual nonlinearity without requiring
GPU infrastructure or large training data. The model’s robustness across the COVID-19 shock further supports

its operational deployment.

Several limitations should be acknowledged. First, this study considers only one-step-ahead forecasting;
performance across multi-step horizons may yield a different cross-model ranking. Second, the evaluation
assumes that all exogenous regressors are available at forecast time, which may not be held in practice, given
publication lags of 4 to 8 weeks for IPI and REER. Third, hyperparameter optimization for ML and DL models
is conducted once on the initial in-sample window; adaptive re-optimization could improve DL performance,
albeit at substantially higher computational cost. Fourth, this study considers a single aggregate merchandise

export series; disaggregation to the sectoral level may reveal heterogeneous model performance.

Future research should extend this framework in four directions: evaluation across multi-step forecast horizons
(h = 3, 6, 12 months); disaggregation to sectoral export series (automotive, textile, chemical, and agri-food);
incorporation of additional high-frequency exogenous indicators such as shipping cost indices (Baltic Dry Index)
and trading-partner industrial production; and assessment of pretrained foundation time-series models (TimeGPT,
Moirai, Chronos) that leverage transfer learning from large heterogeneous series collections and may circumvent

the small-sample constraint that limits DL performance in the present application.
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