Theoretical and Applied Economics
Volume XXXII, No. 3(644)/2025, Autumn

Contents

Development and implementation of an Activity-Based Costing (ABC) model
in private Higher Education Institutions (HEI)

Sorinel Capusneanu, Bogdan lonut-Nicolae Stolojescu, Maria Magurean...............cccocvvevennene.

Capital, coal, and change: modelling India's energy
substitutability with a translog production framework

Tanzeem Hasnat, Umer Jeelanie Banday ..........cccccceveeeenieninnee s

Unemployment in Ghana: analyzing the asymmetric effects
of export processing zones in dealing with the problem

AleXaNAEr QUAICOE .......cvcvevivivieieieie ettt ettt bbbt bbb b s an e

A PRISMA-based systematic literature review on the mismatches
between the Romanian higher education system and the labor market needs

Dari@ ElISA VUG ...ttt sttt sttt sttt sea

Transition effect from deposit and policy interest rates
to credit interest rates in Tiirkiye: detecting asymmetry

Kadir Karag0z, SUZan EFGUN .........c.coeireriereninieeieere et esses s sanes

The effect of fiscal decentralization and monetary policy
on economic resilience in Indonesia: a panel data

Syahrimi, Anna Yulianita, Ariodillah Hidayat............c.cccccvienininineiieseeee s

The implications of demographic changes
on economic performance - a comparative analysis of RO vs EU 27

loana-Victoria BAdicioiu, 10NUL JIaNU ........c.cc.veviiiieire e

Pensions under pressure: economic and demographic drivers
of Romania’s public retirement system

Madalina-Gabriela Anghel, Elena [onitd. ...,

Productivity shocks, exchange rate and migration:
a hew open economy macroeconomics approach

WaLArU JONAO........cvcvicicectccccc bbb bbb bbb

....................... 133



2 Contents

The role of total assets in financial performance
in North America: evaluating econometrics and machine learning approaches
Nargis Sultana, Fahad Zeya, K.M. Zahidul Islam, Antonio J. ROAMQUEZ...........ccccueurierriernreriessesseissesnens 161

Energy vulnerabilities among Europeans
in the Ukrainian war context
Andreea-Monica Munteanu, Maria-Bianca BoIDOASA ..o 177

Empirical analysis of the relationship
between FDI and economic growth in Morocco
ANGS MOSSAUEK ... 191

Climate-driven monetary policy:
a new Keynesian DSGE analysis for Ghana
Komlan Olakossan Gbegnon, Mikémina Pilo, Kounagbé Odilon Boris LOKONON .......c.ccccuvveevicenicnieinieinnnns 203

Monitoring the implementation
of the Sustainable Development Goals in Romania
Maria-Daniela Tudorache, 10NUE JIaNU............ciii s 217

Insurance and sustainable structural transformation:
Does renewable energy matter?
Geneviéve Christel Kamdoum Mapa, Younchawou, Gouwouo Emmanuel Nso Fils .........ccccoevvecveiviccicnnee 239

Natural resources and the price of freedom.
A concise analysis of Ukraine’s natural resources
and who wins more from their direct exploitation?
Raluca luliana Georgescu, Dumitru Alexandru BodiSIav.............cevierienieininnienese s 257

Assessing the macroeconomic impact
of fiscal deficit in India: evidence from ARDL approach
Prakhar Pandey, Rajnish Pande............ccoeiiiriirrcese s 271

Non-linearity and market behavior in the Romanian capital market:
a rescaled range analysis of BET index
GENI@-IUNIE TADAA ..o 287

From adversity to triumph: Turkiye's economic resilience
and adaptation strategies amidst disasters
EFICK QKON ..ottt 301

Trust at first reply and how Al-language systems
alter human trust calibration
Dumitru Alexandru Bodislav, Raluca luliana Georgescu, lonut Valeriu Andrei ...........cocovevenerniiceneniinnnnenns 323

The economic value of data.
From data to decisions in the public sector
FIOrENtING PANG-IMICU. ......ecviicectie ettt b e sttt st et et e et eb e e st et esesbenssesbene e 337



Note: The authors are responsible for the content of their articles and for obtaining necessary permissions.

Mircea Dinu

Tel.: (+4) 031.432.96.02
Fax: (+4) 021.210.73.10
E-mail: comenzi@edecon.ro

Data base indexation:

EconlLit

http://www.aeaweb.org

Research Papers in Economics (RePEc)
http://www.ideas.repec.org
http://econpapers.repec.org

Directory of Open Access Journals (DOAJ)
http: //www.doaj.org

EBSCO Publishing
http://www.ebscohost.com

International Consortium for the Advancement
of Academic Publication (ICAAP)
http://www.icaap.org

Cabell’s Directories

http://www.cabells.com

CNCSIS B+

www.economieteoreticasiaplicata.ro; www.ectap.ro
Reception of texts: economia.ta@edeconomica.com

ISSN 1841-8678 (Print)
ISSN 1844-0029 (Online)


http://www.ideas.repec.org/
http://www.ebscohost.com/
http://www.ectap.ro/
mailto:economia.ta@edeconomica.com




Theoretical and Applied Economics
Volume XXXII (2025), No. 3(644), Autumn, pp. 5-30

Development and implementation
of an Activity-Based Costing (ABC) model
in private Higher Education Institutions (HEI)

Sorinel CAPUSNEANU

“Titu Maiorescu” University of Bucharest, Romania
sorinel.capusneanu@prof.utm.ro

Bogdan Ionut-Nicolae STOLOJESCU

“1 Decembrie 1918” University of Alba Iulia, Romania
bogdan.stolojescu@uab.ro

Maria MAGUREAN

“1 Decembrie 1918 University of Alba Iulia, Romania
betea.maria.sdc2024@uab.ro

Abstract. The current context requires institutions and organizations to manage costs using
advanced cost calculation models effectively. This study aims to test and implement an ABC model
for determining the academic costs of teachers and students in a private higher education institution
organized into three faculties. Through this created model, three research hypotheses were tested.
The results indicated that the proposed and tested model could be implemented within private higher
education institutions, as evidenced by the implementation stages covered by the researched case
study. The general conclusions highlight the possibility of successful implementation and
application of the ABC model in other higher education institutions as well, the model being flexible
and perfectly adaptable to the customers' requirements, or the products offered.
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1. Introduction

Regardless of the application sector, public or private, the need for cost rationalization
becomes the inevitable reason for applying practical accounting and control systems
designed to satisfy all stakeholder requirements. One such important management tool is
Activity-Based Costing (ABC) which can help higher education institutions to effectively
manage costs and modernize their management (Gosselin and Journeault, 2022), but also
to evaluate the life cycle of products (Jourdaine et al., 2021). This requires higher education
institutions to have reliable information (Mazbayeva et al., 2022) on the cost of each course
of each student, each teaching staff, research project, or any external services provided to
local or international clients or communities but also knowing the ratio between income
and costs for each element to produce results (Lima, 2011). Traditional costing systems
have been unable to provide university managers with accurate data on costs, control, and
performance evaluation for decision-making (Bourn, 1994a; Hentschek, 2021).

Adopting a more complex management model that involves planning, monitoring, and the
correct and precise allocation of resources implies the existence of a management
accounting system (Briciu and Capusneanu, 2011) that can only be achieved with
additional human and material efforts. The English model in higher education is an example
of recommending a model based on an approximation of management-based activity,
characterized by stages that include the description of costs with resources, activities, cost
drivers, and results (Cropper and Cook, 2000; Brusca et al., 2019). Concerns about
identifying an effective cost accounting system in university administration have increased
through management accounting (Jarrar et al., 2007; Ostadi and Zare, 2022). The
phenomenon of the economic recession triggered in 2008 affected the university
environment. Although public colleges and universities have been able to stabilize or
increase their operating income per Full-Time Equivalency (FTE) student since 2011,
many community colleges have continued to experience losses in this department
compared to previous years (KhalidandIsmail, 2019). Higher education institutions must
find viable solutions to keep costs and prices affordable for students. Starting from those
mentioned above, the research aimed at identifying an activity-based cost model that would
meet the needs of higher education institutions to manage their academic costs effectively,
thus covering a gap in the literature. Most of the studies carried out are based on
determining the costs of academic programs or departmental costs from public or private
universities (Del Rio Sanchez et al., 2019; Stouthuysen et al., 2010; Garcia Valderrama and
Del Rio Sanchez, 2006; Kissa et al. 2010), while the present research aims to determine the
academic costs related to teaching staff and students.

The research aims to develop and test an activity-based costing (ABC) model that can be
used within private higher education institutions to determine academic costs with teaching
staff and students. The research includes the following objectives: i) Development of an
activity-based costing model to measure the academic costs of teaching staff and students
in a private higher education institution; ii) Demonstrating the feasibility of using the model
in a private higher education institution; iii) Identifying the advantages and barriers in
successfully implementing the ABC concept in a private higher education institution. This
study mainly consists of six parts. In the second part, the limits of traditional computing
systems, the evolution of ABC within higher education institutions, and the advantages and
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limits of ABC within higher education institutions are mentioned in the specialized
literature. The third part presents the research methodology and the ABC test model for
implementation in higher education institutions. The fourth part presents the results of
applying the ABC principles through specific stages at a higher education institution. The
fifth part is dedicated to discussing and analyzing the obtained results. The sixth part
presents the general conclusions, highlighting the contribution to specialized literature and
future research directions.

2. Literature review
2.1. Limits of Traditional Cost Systems

The impossibility of adopting clear decisions on the part of the managers of an institution
or organization, as well as the difficulties regarding the control of general expenses, are
attributed to the use of inefficient cost calculation systems (O'Guin, 1991; Islam et al.,
2019), which in today we call them traditional computing systems. They were not focused
on providing world-class cost information such as: focusing on customers, revealing
sources of profit, identifying opportunities, and encouraging product quality improvement
(Turney, 1991; Buttross and Schmelzle, 2020). These accounting systems collect all
information about the resources used in an organization in the form of inputs (Anthony and
Young, 1999). Over the years, management accepted this information even though it was
unreliable (Hicks, 1992).

Traditional accounting is at best useless and at worst dysfunctional and misleading (Cokins,
1996; Mahesha, 2022), as it has not yet adapted to changes in the business environment
through the shift from direct labor to automated labor (Cokins et al., 1993; Cokins, 2002).
According to a traditional accounting system, indirect cost accounting was done in two
stages (Horngren et al., 1997; Konig et al., 2020), and direct costs were tracked accurately
while indirect costs were incorrectly allocated to products using allocation bases arbitrary,
the decisions made by management being erroneous (Cooper and Kaplan, 1988; Konig et
al., 2020). In many organizations, financial accounting information remains the primary
source of management information (Garrison and Noreen, 2000). One of the significant
problems that the traditional costing system faced in the manufacturing environment was
the allocation of overheads (Pierce and Brown, 2006). Traditional costing systems only use
a cost driver based on production volumes, such as labor hours or the number of products
made (Ismail, 2010).

Traditional cost systems tend to overestimate or underestimate the costs of products and
services (Chan and Lee, 2003; Mio¢ et al., 2014; Cheng et al., 2018), not using specific
cost drivers in the distribution of indirect costs, not having the possibility to focus on
processes and activities, but also measuring performance and customer satisfaction,
product reliability, flexibility, and productivity. In other words, the information provided
by traditional cost systems is not valuable for planning, management, and control. Based
on what was presented, the following research hypothesis emerges:

H;: Traditional costing systems have a negative impact on the reliability of cost
information.
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2.2. The evolution of ABC within Higher Education Institutions

Within higher education institutions, there have been some methods of allocating indirect
costs to chosen cost drivers like ABC, as evidenced by the University of Bradford. Thus,
some costs, such as those of technicians, were allocated according to the surface of the
laboratories, and administrative costs were allocated according to the number of students,
etc. (Bottomley, 1972; Devlin et al., 2022). This allocation was aimed at creating budgets
and plans based on study programs, not on expenditure categories (direct and indirect),
which is considered a partial ABC approach. The decision-making relevance is influenced
by the nature of the costs (variable and fixed), and the first classification of expenses
appears in primary activities (university teaching, postgraduate teaching, and research) and
secondary activities (library and information services) (Sims, 1973). The purpose of this
classification was to explain the allocation of resources between research and teaching.
Determining the balance between teaching and research is a strategic "product" issue
typical of the ABC approach. The academic justification for including research costs in
teaching costs (Bottomley, 1976; Devlin et al., 2022) became unsustainable when their
funding was made separate in the UK from the 1990s, and separate cost justification was
also called for. As a result, independent research expenditures increased research
excellence but did not increase teaching excellence (Jenkins and Gibbs, 1995; Rezapour et
al., 2021). Similar cost allocations were made through a system implemented at Ohio State
University, where the cost drivers were more refined. However, the correlation of
allocations with fairness and ability to pay could have been better, failing to achieve
accurate costing (Young and Geason, 1982).

Some subsequent studies described the detailed costs of the operations of specific
university libraries and helped identify the costs of certain activities, which later led to
specific process changes and the emergence of activity-based cost management (Weaver-
Meyers et al., 1985; Ninerola et al., 2021). The need to determine the unit costs of the
courses is the subject of a study based on measuring the efficiency of the Staff-Student
Ratio (SSR). The study's results indicated that operating costs differ significantly between
full-time and part-time courses, but this is not recognized in budgets or funding (Jones,
1986). With all the allocation refinements approaching the ABC approach, the average
costs used were used more for making comparisons at the total cost level than at the unit
cost level. The method of allocating costs was maintained even later. However, proposals
for additional guidelines for colleagues appear, starting from comparisons between them at
the level of costs of specific activities and programs (Birch, 1988).

When allocating the costs related to the research, only the contact hours of the staff and
FTE and not the number of courses were selected and used as cost drivers as they do not
have a direct effect on the costs of the educational institution (Port and Burke, 1989). From
a researcher's perspective, the existence of a course involves the organization of courses
and their management, examination processes, examination fees of external examiners, and
publication of teaching materials (course materials, books). The first attestation of the
application of the ABC methodology in higher education is attributed to a study carried out
at the University of Technology Sydney, which involved determining the relative costs of
teaching part-time versus full-time students (Doyle, 1991; Hansen et al., 2021). The study's
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findings revealed that the cost of educating a part-time student was high compared to FTEs
because many of the activities identified referred to the number of students and not the
number of FTEs. Given the decentralized nature of universities, the need for acceptance by
the cultural milieu, academic departments, and the resource requirements necessary to
implement ABC, he envisions the realization of the strategy whose success will depend on
the skillful use of power as an objective analysis (Hardy, 1991; Bres et al. al, 2018).

Increasing price pressures with rising academic and administrative costs have led to
increased interest in choosing appropriate costing methods and using reliable information
in academic decision-making. Compared to traditional costing methods that allocate
indirect costs using simple and arbitrary cost drivers (number of students, laboratory area
etc.), ABC proposes a refinement of the activities and costs that can be allocated to the final
product using specific cost drivers. This has been demonstrated in US universities where
the refinement of the process of allocation of student admission costs has contributed to the
creation of a more accurate image of it, to the creation of information that allows the
examination of possibilities for improving efficiency within the various departments of a
higher education institution (Turk, 1992). An activity-based costing system to be developed
must be simple to understand and implement, and it is based on some concepts of rational
allocation of overheads according to specific cost drivers such as students, staff, or venue
space courses (Scapens et al., 1994; Luther and Robson, 2001). In this sense, the resource
centers have better control over the business (activities) carried out, being stimulated to
generate new revenues. Other studies by specialists reduced the number of cost drivers to
three (students, staff, and course facilities), indicating that simple cost allocation systems
met their needs, while the complexity of ABC allocation was unnecessary (Berry, 1994;
Bourn, 1994b). A non-ABC system was described at Leeds Metropolitan University, where
the costing system appeared to be working, but problems were detected in identifying and
controlling unallocated overhead (Burnett et al., 1994a). By estimating the time allocated
to each activity by the staff of a university, the problem of distributing the major operating
cost of the academic teaching staff was solved, and costs such as those related to library
services or computerization (computers) were allocated directly academic activities
(undergraduate studies) (Groves et al., 1994). Although the implementation of ABC was
supported, the results obtained proved that ABC is not a high priority for a university
wishing to apply the cost allocation methodology.

There are also proponents of ABC implementation who have demonstrated the fundamental
changes this allocation model brings using FTE staff or FTE students, helping to identify
cross-subsidies in different areas of university courses (Carr, 1994; Barr and McClellan,
2018). By attaching the cost of an activity there is an increase in user awareness of the price
and value of that activity, changing user behavior and better design of university courses
and resources used and ultimately minimizing these activity-related costs (Carr, 1994; Barr
and McClellan, 2018; Du, 2021). The terminology used was apparent, using terms such as
"allocation" in identifying and separating costs and "re-allocation" or apportionment in
reallocating costs based on cost drivers, excluding projected costs.

The cost allocation process for admissions and library services continued to determine the
cost per enrolled student within US schools (Acton and Cotton, 1997). Although a better
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allocation of service costs to schools was achieved (lowly promoted popular courses
subsidized highly promoted unpopular courses), the information obtained could have
contributed to effective cost management or reporting of course or student diversity.
Available data on higher education revenues and expenditures make it difficult to establish
direct relationships between cost drivers and price growth (NCCHE, 1998), which calls for
improved transparency and understanding of the costs and price structure. Improving
overhead allocation efficiency can be achieved with ABC, but specific political
considerations may block or prevent its successful implementation within the university
(Goddard and Ooi, 1998).

Interesting results were obtained by applying ABC in an accounting department of a US
university: (1) the annual cost of educating a Ph.D. student is more than three times higher
than the cost of a student enrolled in a 5-year accounting program (bachelor + master); (2)
support costs for a Ph.D. student were much lower than support costs for an MBA student;
(3) ABC can provide administrators with useful information in carrying out programs and
activities (Granof et al., 2000). Recognition of the proportion of services that Australian
public universities provide to their community that the government must fund is shown in
a study using ABC as cost objects: research, teaching, and professional/community services
(Heskin and Sharma, 2001). Through better analysis of costs per activity, the possibility of
better planning and eliminating non-value activities for a university is provided, mainly
when a comparative study is carried out between traditional costing methods and the ABC
method (Krishnan, 2006).

The development of activity-based management in a UK university has provided helpful
information on strategic decision-making within specific processes, better tuition pricing,
and evidence of cross-subsidization (McChlery et al., 2007). The direct costs (expenditure
with teachers' salaries and administrative expenses) were allocated to specific activities. In
contrast, the indirect costs, divided into nine categories, were allocated to activities using
specific cost drivers. The implementation of ABC determined the reduction of a library's
budget at a university in the USA. As a result, the information obtained contributed to
making strategic decisions regarding eliminating certain non-value-adding activities and
reallocating tasks to other responsible persons (Novak et al., 2011). The decline in
productivity in higher education is due to the lack of a management accounting model that
allows for continuous improvement (Gordon and Fischer, 2011). Higher education
institutions in the United States and abroad face demands to control costs and allocate
resources efficiently (Yakhou and Ushafer, 2012). Determining the margins between
departments and identifying cross-subsidies was done at Riverside University in California,
where teaching costs were allocated to courses based on cost drivers, and indirect costs
(facilities and administration) were allocated according to the consumption of non-teaching
resources (Anguiano et al., 2017). The implementation of ABC within higher education
institutions is also influenced by several factors (Hoang et al., 2020), such as the size of the
institution (Gosselin, 1997; Al-omiri, 2003; Brierley, 2009), the level of competitiveness
(Kaplan and Cooper, 1998; Pham et al., 2020; Sorros et al., 2022); managerial support
(Aldukhil, 2012; Elagili, 2015); ABC training (Elagili, 2015); the variety of products
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offered (Schoute, 2011; Clarke et al., 1997); reliability and importance of cost information
(Gosselin, 1997; Baird et al., 2004; Rankin, 2016). The following research hypothesis
emerges from the presented:

Ha,: ABC has a positive impact on the reliability of cost information.

According to the opinion of specialists, ABC recorded several advantages in the case of
implementation in higher education institutions, such as (1) performance measurement by
identifying non-value activities and analyzing activity cost trends (Port and Burke, 1989;
Turk, 1992) ; (2) portfolio management (identification of successful courses, subsidized
courses, market orientation, and investment justification); (3) pricing policy (impact of
discounts, course preparation costs, etc.); (4) strategic decisions (identification of high or
limited cost resources, recognition of complex costs, ability to manage course proliferation,
use of success factors, etc.) (Port and Burke, 1989); (5) the ability to assess the cost of a
degree by adding the costs of all courses in which a student was enrolled (Anguiano et al.,
2017), and to decide whether the non-financial gains offset any financial losses generated
by the principal or degree (Yakhou and Ushafer, 2012). Like any other costing system,
ABC has certain limitations that are mainly related to (1) the large amount of work involved
in determining costs and establishing benefits (Turk, 1992); (2) difficulties in classifying
activities between research, teaching, and other services (Groves et al., 1994), (3)
difficulties in allocating overheads to courses (Burnett et al., 1994b); (4) high
implementation cost, need for information accuracy, lack of management support
(McChelery et al., 2007; Sumrall, 2019). Based on what was presented, the following
research hypothesis emerges:

Hs: The implementation of ABC has a positive impact on the achieved performances.

3. Research Methodology

To carry out this research, the following three previously mentioned hypotheses were
considered: H;: Traditional cost systems have a negative impact on the reliability of cost
information; H,: ABC has a positive impact on the reliability of cost information; Hs: The
implementation of ABC has a positive impact on the achieved performances. Considering
the three working hypotheses, the research aims to develop and test an activity-based
costing (ABC) model that can be used within private higher education institutions to
determine academic costs with teaching staff and students.

The objectives of the research started from the research of national and international
specialized literature to implement ABC in higher education institutions through searches
and queries in international databases such as Web of Science, SCOPUS, or EBSCO. Thus,
the objectives of the research consisted in i) the development of an activity-based cost
model for measuring the academic costs related to teaching staff and students in a private
higher education institution; ii) demonstrating the feasibility of using the model in a private
higher education institution; iii) identification of the advantages and barriers to successfully
implementing the ABC concept in a private higher education institution.
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Figure 1. The ABC model according to a private higher education institution
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In this sense, an ABC model was created (Figure 1), which was the basis for testing and
developing ABC within a private higher education institution. The research team of the
article's authors and several ABC implementation specialists put ABC principles into
practice through a phased implementation of ABC within a higher education institution.

The private higher education institution is accredited by ARACIS and has been operating
for over 25 years in this field of education. The higher education institution is divided into
three faculties, each of which has several accredited undergraduate and dissertation study
programs: the Faculty of Finance, the Faculty of Accounting, and the Faculty of Marketing.
In this sense, the database of the analyzed private higher education institution was
consulted, and the data from the last ten years, which were the basis of our research, were
processed. The data were collected from the Financial-Accounting Department of the
university and the faculties' departments. In particular, the university's total budget, the
departments' budgets, and the university's organizational chart were considered. To apply
the principles of ABC, at an initial stage, the transversal reorganization of the institution
was resorted to, starting from its organizational chart. To correctly allocate the costs to the
final carriers, it is necessary to delimit them to direct and indirect costs according to the
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principles of the activity-based cost method (ABC). Within a higher education institution,
this delimitation can be done at the faculty and department levels, and the way it is done
will be described in the following.

For a higher education institution, direct costs, i.e., those costs that can be directly identified
on a cost bearer (teaching staff, student, etc.), are mainly composed of the costs of the
teaching activity or didactic activities and represent the majority percentage of the total
cost. The distribution of costs for the teaching staff is based on the time spent by them. It
consists mainly of teaching time (teaching activity), research time (research activity to
publish specialized materials, participating in various research projects, or preparing
individuals), the time allocated to consultations with students (the activity of guiding
bachelor theses, dissertation, doctorate, or the tutoring activity). For a higher education
institution, indirect costs, i.e., those costs that cannot be directly identified on a cost carrier
but can be directly identified on an activity (various departments, functional services, etc.),
are mainly composed of the costs of the following identified services: financial services,
maintenance, and auxiliary services, IT support services, administrative services,
communication, and marketing services. The following briefly describes the main
characteristics of the activities mentioned above, the specific cost drivers, and the
possibilities of allocation to the final cost carriers.

The application of ABC within a higher education institution involves going through
several stages as follows: identifying and describing processes and activities, establishing
specific cost drivers and their quantity, allocating the indirect costs of the processes to the
activities, and distributing the costs of the activities to the cost bearers (Capusneanu et al.,
2024).

4. Results

4.1. Identifying and Describing Processes and Activities in a Private Higher Education
Institution

In the case of the private higher education institution under analysis and which is organized
into three faculties (Faculty of Finance, Faculty of Accounting, and Faculty of Marketing),
the following processes and activities were identified, starting from the organizational chart
and its transversal reorganization (Table 1).

Table 1. The status of the processes and activities

Processes Activities Services/departments
The educational quality assurance Didactic education Faculties/specializations
process Research and publication
The process of ensuring the Financial, maintenance and ancillary | Financial services
infrastructure of the faculty activities, IT support, Maintenance and auxiliary services
communication, and marketing, IT support services
administrative, accounting Communication and marketing services
Administrative services
The process of providing support for | Professional Development International mobility service
students and teachers Academic and professional integration service
Psychological counseling service
Library

Source: Created by authors.
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Within the institution of higher education, three processes were identified: the process of
ensuring educational quality, the process of ensuring the infrastructure of the faculty, and
the process of ensuring support for students and teachers. In what follows, a brief
description of the identified processes and activities is provided (Table 2).

Table 2. Description of the activities and services of a higher education institution

Activities

Services/
Departments

Composition/Features

Financial,
maintenance
and support
activities, IT
support,
communication
and marketing,
administrative,
accounting

Financial
services

They are intended to highlight the operations carried out by the accounting, treasury,
procurement, inventory, and financial management services. The identified costs are
composed of personnel costs, depreciation of equipment, purchase of goods and services,
and costs of other faculties within the university. Cost allocation can be done by setting a
weight to the teaching part (depending on the number of students enrolled in each course),
the research part (depending on the ongoing research projects), and the service part provided
to external clients (depending on the services provided).

Maintenance
and auxiliary
services

They are intended for the provision and maintenance of equipment, the repair and safety of
installations, the provision of health and emergency services, and the provision of the
necessary support for the conduct of courses, seminars, and laboratories within the
faculty/university in optimal conditions. This includes the costs of auxiliary staff, depreciation
of equipment, the purchase of subcontracted goods and services, and the costs intended for
other faculties within the same university. Cost allocation will be done in the same way as in
the case of financial services.

IT support
services

They are intended to ensure the configuration of all IT systems within the faculty/university,
starting with the server communications part and all associated services available to other
faculties, departments, teaching staff, and students. The costs identified according to the
provision of these services are mainly composed of personnel costs, purchase and
replacement of parts and consumables, purchase of appropriate tools, depreciation of
equipment (computers, laptops, servers, printers, scanners, etc.), and other specific costs.
This service can be divided into the following activities: technical support and
printing/multiplication, IT equipment management, and development and use of IT
applications.

Technical and printing/multiplication support consists of providing IT support to the entire
university, being practically the main activity of the IT support service. If this technical support
is addressed to secretarial or management services or offices within a faculty or even
teaching staff, the costs must be attributed directly to the faculty. If this technical support is
provided directly to students, then these costs will be allocated directly to the courses taken
by the students.

IT equipment management refers to repairing damaged equipment identified within the
university's various departments, services, and offices. The cost will be distributed according
to the location of the equipment (faculty, department, office, etc.).

The development and use of computer applications refer to the construction or development
of computer applications required by various departments, services, or offices, including
applications required by teaching staff and students necessary to conduct laboratories
(installation and license-based use of various applications). The costs will be distributed
according to the final destination of the requested applications.

Communication
and marketing
services

— The communication and marketing services are intended to support and organize
external communication and promote the image of the faculty by maintaining links with the
mass media, with various social networks and other entities responding to their requests, or
even from the general public. The identified costs are mainly related to personnel costs,
machinery depreciation, and purchasing goods and services. They can be divided into the
following offices: advertising and brochure communication and event organization.

The advertising and brochures communication office is responsible for advertising the taught
courses and study programs through brochures and various advertisements. The costs will
be allocated according to the final object of the cost bearer (a course or several courses,
faculty, number of participating students, etc.).

The event organization office handles scientific events (conferences, symposia, publications).
The costs will be allocated in the same manner as in the case of the advertising and brochure
communication office.

Administrative
services

Administrative services are intended to highlight the operations carried out by human
resources offices, archives, and other administrative and secretarial work.
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Activities Services/ Composition/Features
Departments

The human resources office is responsible for all operations related to university personnel
management (records, contracts, staffing, time attendance, payroll, etc.). The costs identified
at this level are related to personnel, purchase of goods and services, depreciation of used
equipment, and costs to various internal services (administrative works office or secretariat).
Archive and other administrative work are intended for processing (recording-forwarding)
correspondence, keeping administrative work, daily archiving (secretarial documents,
bachelor theses, dissertation, or doctorate, etc.), and other specific work.

The secretariat is intended to perform activities related to student activity, such as
applications, registrations, records, and follow-up of students during the academic course
(issuance of grades, school fees, certificates, general correspondence, transfers, issuance,
and issuance of study diplomas).

They are intended to assist students in activities related to the management of international
mobility programs (ERASMUS), professional and academic integration, psychological
counseling support, informational support (library), etc. The identified costs are generally
related to personnel costs (administrative, specialized psychological), depreciation of the
equipment used, and costs to the other offices of the faculty/university.

The international mobility service connects with other educational institutions based on
collaboration protocols in the context of student exchange. Identified costs may be allocated
based on the number of students in the program or the courses that faculty students take
abroad.

The academic and professional integration service is based on providing support in the case
of the reception of newly admitted or transferred students, but also in the management of
internships and career counseling. Identified costs will be allocated based on the number of
students enrolled in courses or the number of students who have received a response to job
offers.

The psychological counseling service is carried out at the request of students for those who
require such guidance and counseling. The identified costs will be allocated according to the
courses for which the students request this psychological support.

The library offers services to internal users (students, teachers) and external users (visitors)
in the form of book loans for teachers and students, inter-library book loans, book purchases,
monographs, magazines, library website management, and internal and external user training
services. The record is kept to ensure connections with publishing houses, the purchase of
specialized books, the preservation of library materials, etc. The identified costs include
personnel costs, equipment depreciation costs, publication acquisition costs, costs of online
subscriptions to newspapers and databases (Web of Science, various virtual libraries), costs
of other faculty services, etc. Costs will be allocated according to hours worked or activities
performed.

Professional Other services
development for students
activities and visitors

Source: Created by authors.

The educational quality assurance process. The quality of education depends on the degree
of compliance of the education system with the established requirements and the quality of
educational services offered by the educational institution (Sergeeva et al., 2019). The
quality of education also depends on the development of students' intelligence, creativity,
and ability, the preparation of students for integration into the labor market, and the level
of scientific research (Figlewicz, 2002). Improving the level of higher education can help
strengthen the talents to shape the national economy, promoting prosperity and social
progress (Du et al., 2017).

The process of ensuring the infrastructure of the faculty. The infrastructure of the faculty
is ensured by all those activities that contribute to the smooth running of the education and
research processes within a higher education institution. Financial, maintenance and
auxiliary activities, IT support, communication, and marketing, administrative, and
accounting help to interconnect the processes and to streamline the information flows
necessary to determine the final costs according to the chosen cost carriers.
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The process of providing support for students and teachers. This process addresses two
essential components: professional development and community development.
Professional development considers the training, certification, and continuous education of
teachers and students through permanent updates carried out by the management of the
higher education institution. Professional development can also be achieved through the
programs offered by higher education institutions, professional organizations, or even by
the management of the institutions.

4.2. Establishing Process Costs and Process Cost Drivers

To establish the costs of the processes and the cost drivers of the processes identified within
the institution of higher education, it was based on the income situation obtained by the
faculties and the weight held by the expenses related to its activities as follows (Table 3

and Table 4):

Table 3. Revenue earned by faculty and university

Faculty of Faculty of Faculty of University
Revenues Finance Accounting Marketing (Eur)
(Eur) (Eur) (Eur)
Admission fee revenues 29500 38500 19480 87480
Revenues from tuition fees 552000 722000 349000 1623000
Revenues from the student arrears fee 2580 3460 1580 7620
Revenues from school/archive status fees 40 120 60 220
Revenues from fees for completing studies 198000 258000 136000 592000
Revenues from transfer fees 200 600 300 1100
Total revenues 782320 1022680 506420 2311420
Source: Created by authors.
Table 4. Planned expenses by faculties and at university level
Faculty of Faculty of Faculty of University Revenue
Expenses Finance Accounting Marketing (Eur) share (%)
(Eur) (Eur) (Eur)

Teaching and auxiliary staff expenses 391160 511340 253210 1155710 50.00
Utility expenses, of which: 187756.8 245443.2 121540.8 554740.8 24.00
Electricity 168981.12 220898.88 109386.72 499266.72 21.60
Water 18775.68 24544.32 12154.08 55474.08 2.40
Scientific research expenses 46939.2 61360.8 30385.2 138685.2 6.00
Training expenses 23469.6 30680.4 15192.6 69342.6 3.00
Subscription expenses 1564.64 2045.36 1012.84 4622.84 0.20
International relations expenses 4693.92 6136.08 3038.52 13868.52 0.60
Expenses for cleaning and sanitizing materials 3129.28 4090.72 2025.68 9245.68 0.40
Building maintenance and upkeep services 15646.4 20453.6 101284 46228.4 2.00
Guard and security services 15646.4 20453.6 10128.4 46228.4 2.00
Telephone and internet expenses 782.32 1022.68 506.42 2311.42 0.10
Expenses with inventory items 23469.6 30680.4 15192.6 69342.6 3.00
Depreciation of buildings and fixed assets 60238.64 78746.36 38994.34 177979.34 7.70
General Administration and Management 7823.2 10226.8 5064.2 231142 1.00
Expenses

Source: Created by authors.

Total costs allocated to processes and activities on the three faculties are presented as

follows (Table 5).




Development and implementation of an Activity-Based Costing (ABC) model 17
Table 5. The status of cost allocation from the process level to the activities
Faculty of Faculty of Faculty of
Explanations Finance (Eur) Accounting Marketing (Eur)
(Eur)

The educational quality assurance process 436000 570000 282000
Didactic education activities 390000 510000 252000
Research and publication activities 46000 60000 30000
The process of ensuring the infrastructure of the faculty 300699.44 408673.56 201751.14
Financial activities 83708.24 109426.76 54186.94
Maintenance and auxiliary activities 208470 288000 142000
Communication and marketing activities 698 1020 500
Administrative and secretarial activities 7823.2 10226.8 5064.2
The process of providing support for students and teachers 29150 38300 19000
| Professional development activities 29150 38300 19000

Source: Created by authors.

4.3. Determining Activity Expenditures and Activity Cost Drivers

The actual expenses of the activities registered on the three faculties are presented as

follows (Table 6):

Table 6. The situation of the actual expenses of the institution of higher education

Total cost (Eur)

Faculty of Faculty of Faculty of University
Expenses Finance Accounting Marketing (Eur)
(Eur) (Eur) (Eur)

Teaching and auxiliary staff expenses 390000 510000 252000 1152000
Utility expenses, of which: 175600 244000 120000 539600
Electricity 158040 219600 108000 485640
Water 17560 24400 12000 53960
Scientific research expenses, of which: 46000 60000 30000 136000
Teachers 39500 50000 20000 109500
Students 6500 10000 10000 26500
Training expenses 23000 30000 15000 68000
Subscription expenses, of which: 1500 2000 1000 4500
Teachers 1200 1500 800 3500
Students 300 500 200 1000
International relations expenses, of which: 4650 6300 3000 13950
Teachers 997.5 1800 500 32975
Students 3652.5 4500 2500 10652.5
Expenses for cleaning and sanitizing materials 2850 4000 2000 8850
Building maintenance and upkeep services 15020 20000 10000 45020
Guard and security services 15000 20000 10000 45000
Telephone and internet expenses, of which: 698 1020 500 2218
Teachers, secretariat 500 700 350 1550
Students 198 320 150 668
Expenses with inventory items 23469.6 30680.4 15192.6 69342.6
Depreciation of buildings and fixed assets 60238.64 78746.36 38994.34 177979.34
General Administration and Management Expenses 7823.2 10226.8 5064.2 23114.2
Total effective expenses 765849.44 1016973.56 502751.14 2285574.14

Source: Created by authors.

Establishing the cost drivers and their quantities to achieve the distribution of the costs of
the activities on the cost bearers is carried out:
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a) for teachers (Table 7):

Table 7. The situation of cost drivers of activities for teaching staff

Amount of cost drivers
Activities Activity cost drivers Faculty of Faculty of Faculty of
Finance Accounting Marketing
Teaching activities No. course teaching hours 280 336 280
No. seminar teaching hours 280 336 280
No. examination hours 8 8 8
No. student consultation hours 56 84 56
No. tutoring hours 56 84 56
Research and publication No. research project hours 280 280 280
activities No. articles published by teachers 150 162 130
Professional development No. Erasmus participations for teachers 35 50 50
activities No. training hours
No. hours of internet exploration for 192 192 192
) 360 360 360
documentation
Financial activities No. inventory items 1820 2250 1124
Monthly depreciation rate 780 820 520
Maintenance and auxiliary Consumption kwh 12000 14000 14000
activities Consumption m3 1080 1100 1100
Quantity used annually 140 142 102
No. of hours worked 640 640 640
No. of hours worked 320 320 320
Commqmcathn_ gnd No. telephone and internet subscriptions 4 4 4
marketing activities
Administrative and No. of hours (administration) 288 288 288
secretarial activities No. hours attendance meetings 112 112 112
No. teaching staff committees 64 64 64
Source: Created by authors.
b) for students (Table 8):
Table 8. Status of cost drivers of student activities
Amount of cost drivers
Activities Activity cost drivers Faculty of Faculty of Faculty of
Finance Accounting Marketing
Teaching activities No. course teaching hours 280 336 280
No. seminar teaching hours 280 336 280
No. examination hours 8 8 8
No. student consultation hours 56 84 56
No. tutoring hours 56 84 56
Re§e_qrch and publication No. research project hours 280 280 112
activities
Professional development No. Erasmus participations for students 125 175 85
activities No. hours of internet exploration for
documentation 720 720 500
Financial activities No. inventory items 1820 2250 1124
Monthly depreciation rate 780 820 520
Maintenance and auxiliary Consumption kwh 12000 14000 14000
activities Consumption m3 1080 1100 1100
Quantity used annually 140 142 102
No. of hours worked 640 640 640
No. of hours worked 320 320 320
Communication and No. telephone and internet subscriptions 6 6 4
marketing activities
Administrative and No. of hours (administration) 288 288 288
secretarial activities No. hours attendance meetings 112 112 112

Source: Created by authors.




Table 9. Allocation of activity costs to cost bearers (teaching staff)

Faculty of Finance Faculty of Accounting Faculty of Marketing
Activities/Cost Drivers 38 teaching staff + 15 auxiliary staff 50 teaching staff + 16 auxiliary staff 30 teaching staff + 8 auxiliary staff
Costs Amount of Unit cost per Costs Amount of Unit cost per Costs Amount of Unit cost per
(Eur) cost drivers | teacher (Eur) (Eur) cost drivers | teacher (Eur) (Eur) cost drivers | teacher (Eur)

Didactic education activities
(Included in the basic norm) 390000 573.5294118 510000 601.4150943 252000 370.5882353
No. allocated teaching/learning hours, of which 680 848 680
No. course teaching hours 280 336 280
No. seminar teaching hours 280 336 280
No. examination hours 8 8 8
No. student consultation hours 56 84 56
No. tutoring hours 56 84 56
Research and publication activities 46000 210.7142857 60000 261.1111111 30000 144.2307692
No. research project hours 31000 280 110.7142857 42000 280 150 21000 280 75
No. articles published by teachers 15000 150 100 18000 162 111.1111111 9000 130 69.23076923
Professional development activities 25197.5 151.625 33300 196.4166667 16300 90.34722222
No. Erasmus participations for teachers 997.5 35 28.5 1800 50 36 500 50 10
No. training hours 23000 192 119.7916667 30000 192 156.25 15000 192 78.125
No. hours of internet exploration for 1200 360 | 3.333333333 1500 360 |  4.166666667 800 360 | 2.222222222
documentation
Financial activities 83708.24 90.12441026 109426.76 109.6678797 54186.94 88.50566343
No. inventory items 23469.6 1820 12.89538462 30680.4 2250 13.63573333 15192.6 1124 13.51654804
Monthly depreciation rate 60238.64 780 77.22902564 78746.36 820 96.03214634 38994.34 520 74.98911538
Maintenance and auxiliary activities 208470 120.1301521 288000 159.7865466 142000 85.10621976
Consumption kwh 158040 12000 13.17 219600 14000 15.68571429 108000 14000 7.714285714
Consumption m? 17560 1080 16.25925926 24400 1100 22.18181818 12000 1100 10.90909091
Quantity used annually 2850 140 20.35714286 4000 142 28.16901408 2000 102 19.60784314
No. of hours worked 15020 640 23.46875 20000 640 31.25 10000 640 15.625
No. of hours worked 15000 320 46.875 20000 320 62.5 10000 320 31.25
Communication and marketing activities 500 125 700 175 350 87.5
No. telephone and internet subscriptions 500 4 125 700 4 175 350 4 87.5
Administrative and secretarial activities 7823.2 219.2513889 10226.8 286.6141865 5064.2 141.9282242
No. of hours (administration) 288 27.16388889 288 35.50972222 288 17.58402778
No. hours attendance meetings 112 69.85 112 91.31071429 112 45.21607143
No. teaching staff committees 64 122.2375 64 159.79375 64 79.128125

Total cost per teacher 1490.374649 1790.011485 1008.206334

Source: Created by authors.




Table 10. Allocation of activity costs to cost bearers (students)

Faculty of Finance Faculty of Accounting Faculty of Marketing
Number of students:650 Number of students:850 Number of students:420
Activities/Cost Drivers Costs Amount of Unit cost per Costs Amount of Unit cost per Costs I(\)T:::tt Unit cost per
(Eur) cost drivers | student (Eur) (Eur) cost drivers | student (Eur) (Eur) drivers student (Eur)

PEEEISCL LR 5L B ‘ 390000 680 | 5735204118 | 510000 848 | 6014150043 | 252000 680 |  370.5882353
No. allocated teaching/learning hours from which
No. course teaching hours 280 1392.857143 336 280
No. seminar teaching hours 280 1392.857143 336 280
No. examination hours 8 48750 8 8
No. student consultation hours 56 6964.285714 84 56
No. tutoring hours 56 6964.285714 84 56
Research and publication activities 6500 23.21428571 10000 35.71428571 10000 89.28571429
No. research project hours 280 23.21428571 280 35.71428571 112 89.28571429
Professional development activities 3952.5 29.63666667 5000 26.40873016 2700 29.81176471
No. Erasmus participations for students 3652.5 125 29.22 4500 175 25.71428571 2500 85 29.41176471
No. hours of internet exploration for documentation 300 720 0.416666667 500 720 0.694444444 200 500 04
Financial activities 83708.24 90.12441026 | 109426.76 1225627873 | 54186.94 87.40137029
No. inventory items 23469.6 1820 12.89538462 30680.4 1420 21.60591549 15192.6 1224 12.4122549
Monthly depreciation rate 60238.64 780 77.22902564 | 78746.36 780 100.9568718 | 38994.34 520 74.98911538
Maintenance and auxiliary activities 208470 120.1301521 288000 159.7865466 142000 85.10621976
Consumption kwh 158040 12000 13.17 219600 14000 15.68571429 108000 14000 7.714285714
Consumption m3 17560 1080 16.25925926 24400 1100 22.18181818 12000 1100 10.90909091
Quantity used annually 2850 140 20.35714286 4000 142 28.16901408 2000 102 19.60784314
No. of hours worked 15020 640 23.46875 20000 640 31.25 10000 640 15.625
No. of hours worked 15000 320 46.875 20000 320 62.5 10000 320 31.25
Communication and marketing activities 198 33 320 53.33333333 150 375
No. telephone and internet subscriptions 198 6 33 320 6 53.33333333 150 4 375
Administrative and secretarial activities 7823.2 97.01388889 10226.8 126.8204365 5064.2 62.80009921
No. of hours (administration) 288 27.16388889 288 35.50972222 288 17.58402778
No. hours attendance meetings 112 69.85 112 91.31071429 112 45.21607143

Total cost per student 966.6488154 1120.420512 762.4934035

Source: Created by authors.
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4.4. Allocation of Activity Costs to Cost Bearers

The allocation of activity costs to cost bearers (Teachers, auxiliary staff, students) is shown
in Tables 9 and 10. A summary of the two tables is presented in Table 11.

Table 11. Synthesis of unit costs of teaching staff and students by activities and faculties

Activities Faculty of Finance Faculty of Accounting Faculty of Marketing
Teaching activities 573.5294118 601.4150943 370.5882353
Research and publication activities 210.7142857 261.1111111 144.2307692
Professional development activities 151.625 196.4166667 90.34722222
Financial activities 90.12441026 109.6678797 88.50566343
Maintenance and auxiliary activities 120.1301521 159.7865466 85.10621976
Communication and marketing activities 125 175 875
Administrative and secretarial activities 219.2513889 286.6141865 141.9282242
Total cost per teacher 1490.374649 1790.011485 1008.206334
Teaching activities 5735294118 601.4150943 370.5882353
Research and publication activities 23.21428571 35.71428571 89.28571429
Professional development activities 29.63666667 26.40873016 29.81176471
Financial activities 90.12441026 122.5627873 87.40137029
Maintenance and auxiliary activities 120.1301521 159.7865466 85.10621976
Communication and marketing activities 33 53.33333333 375
Administrative and secretarial activities 97.01388889 126.8204365 62.80009921
Total cost per student 966.6488154 1120.420512 762.4934035

Source: Created by authors.

4.5. Determination of unit costs

The total unit costs of the cost bearers (teaching staff and auxiliary staff, students) were
determined by adding up all direct and indirect costs (by activity). Following the

centralization of information after distribution, the following costs resulted (Table 12):

Table 12. Unit cost situation according to ABC

Facult Total costs Number of Cost per student Number of teaching Cos;E;:i;eacsimtg;fand
¥ (Eur) students (Eur) staff and auxiliary staff (E:{)
Finance 765849.44 650 966.6488154 53 1490.374649
Accounting 1016973.56 850 1120.420512 66 1790.011485
Marketing 502751.14 420 762.4934035 38 1008.206334

Source: Created by authors.

5. Discussions

By following the principles of ABC and following the specific stages of ABC, we can find
a series of positive aspects that entitle us to conclude that the model proposed for testing
can be successfully implemented within a higher education institution due to the multiple
advantages it confers.

Table 13. The situation of unit costs according to traditional methods

. Cost per teacher and
Faculty Total costs Number of Cost per student Number of tle_achmg auxiliary staff
(Eur) students (Eur) staff and auxiliary staff (Eur)
Finance 765849.44 650 1178.229908 53 14449.98943
Accounting 1016973.56 850 1196.439482 66 15408.6903
Marketing 502751.14 420 1197.026524 38 13230.29316

Source: Created by authors.
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Compared to the traditional methods of determining unit costs (most of them through an
average of expenses) which take into account only arbitrary cost drivers (Table no. 13), the
ABC model takes into account in the distribution of indirect costs (of activities) drivers of
specific costs that are based on the cause-effect relationship between the expenditure and
the chosen cost inducer (Lelkes, 2020; Cokins and Capusneanu, 2010), as can also be seen
from Table 12. The costs per student from the three faculties calculated by ABC are much
smaller than those calculated by traditional methods, the deviations between the two
models (traditional and ABC) being presented in Table 14.

Table 14. Situation of cost differences between ABC and traditional methods

Cost per student Cost per teacher and auxiliary staff
Faculty (Eur) Difference (Eur) Difference
Traditional method ABC Traditional method ABC
Finance 1178.229908 966.6488154 | -211.5810923 1089.401764 1490.374649 | 400.9728849
Accounting 1196.439482 1120.420512 | -76.01897028 1110.233144 1790.011485 | 679.7783407
Marketing 1197.026524 762.4934035 | -434.5331203 1097.709913 1008.206334 | -89.50357852

Source: Created by authors.

Concerning personnel costs (teaching and auxiliary), ABC makes an evident differentiation
compared to the traditional method that considers absolutely all persons (teaching staff,
auxiliary staff, students) when determining the unit costs. The calculated differences
indicate that although the costs calculated by the traditional method are lower compared to
ABC (at the Faculty of Finance and the Faculty of Accounting), they do not correctly reflect
the allocation of costs separated by teaching staff and auxiliary staff from those with
students. The traditional method resorted to dividing the total costs among all the staff
within the faculty, needing a clear record demarcated between teaching staff and students,
as respected by ABC principles. Through the presented, hypothesis H1, according to which
traditional cost calculation methods have a negative impact on the reliability of cost
information, and hypothesis H2, according to which ABC has a positive impact on the
reliability of cost information, have been demonstrated.

Table 15. The status of calculated results for students according to traditional and ABC methods

Traditional method ABC
Revenue per Cost per Revenue per Cost per
il studenf studtl:nt e studenf stud(!.)nt AL
(Eur) (Eur) (Eur) (Eur)
Finance 1203.569231 1178.229908 25.33932308 1203.569231 966.6488154 236.9204154
Accounting 1203.152941 1196.439482 6.713458824 1203.152941 1120.420512 82.7324291
Marketing 1205.761905 1197.026524 8.735380952 1205.761905 762.4934035 443.2685012

Source: Created by authors.

In other words, ABC provides reliable cost management due to the determination of the
real cost of a product (Amir et al., 2012; Hashim, 2013), contributing to the elimination of
non-value-adding activities and increasing the performance of higher education institutions
(Cox et al., 2007). The ABC system is flexible, with specific characteristics that allow the
management of the higher institution to focus on a specific faculty (Ismail, 2006) or certain
support services (Khrisnan, 2006). Through what was presented and argued, hypothesis H3
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was also demonstrated, according to which ABC implementation positively impacts the
higher education institution's performance.

Attaching the cost to an activity increases user awareness of the price and value of that
activity (Cropeer and Cook, 2000). This can be used to better design activities and change
behavioral patterns by minimizing costs. Managers deliberately opt for the behavioral
orientation of less precise costing systems over more complex costing techniques to induce
desired behavioral responses (Merchant and Shields, 1993). ABC helps managers in higher
education institutions understand the factors that influence the costs of teaching, and the
costs of individual courses are an essential aspect of the decision-making process (Port and
Burke, 1989).

As observed, the testing and implementation of the proposed ABC model in a higher
education institution to determine the unit costs of teaching staff and students were
successful, and the research team also found other aspects related to

1. ABC Design and the costing system must be selected and designed by specialists
according to the context and characteristics of a private university.

2. The implementation team must establish the final cost drivers around which the ABC
design will be carried out.

3. There is a need for a clear definition of the processes and activities as well as their
composition, a fact that helps to correctly allocate or apportion indirect costs to the final
cost bearers.

4. There is a need to establish cost drivers that express the causal link between the type of
expenditure to be allocated and the specifically chosen driver.

6. Conclusions

In the last decade, higher education institutions have engaged in a series of reforms aimed
at their structure and management system, considering their specificity, objectives, and
strategies. Moving towards an entrepreneurial model, higher education institutions must
adopt new cost management models and approach new markets, customers, and products.
For this reason, private universities must have a clear record of costs and efficient
management that can be achieved using advanced costing methods providing information
that helps management make effective decisions in the long or medium term. This was also
the purpose of our research, to identify and test an ABC model to help with cost
management, namely the determination of unit costs for teachers and students in three
faculties.

As is well known, each higher education institution has a distinct history and culture, its
local environment, and its ethos in dealing with external market/funding pressures. In
principle, ABC applies to all higher education institutions, although there are some
reservations about changing the variables considering the cost allocation method.
According to ABC, these implications can be explained through engagement, training,
communication, data collection, processing, and interpretation. The model proposed and
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tested for ABC implementation within a private higher education institution comes with

several advantages, such as:

1. Determination of real costs.

2. The determination, selection, and use of cost drivers according to the specifics of the
private higher education institution.

3. The accuracy of the information provided increases the qualitative decision-making
level on the part of the institution's management.

4. Flexibility or adaptability of the model according to future requirements or demands
from customers.

5. It is improving competitiveness.

The own contributions to the realization of this research are highlighted by the above-
mentioned advantages and by the proposed model that comes to cover an existing and little-
explored lack in specialized literature. The general conclusion of this research is that the
ABC model can be of value in an institution of higher education, respecting its principles
and especially by supporting its implementation by all employees, not only management.

This research focused on private sector universities in Romania, where the purpose that led
to the testing and implementation of ABC within these institutions was determined due to
the current context. Our research is limited only to the private higher education sector.
However, the obtained results justify extending our research to the public sector since the
latter is also characterized by public funding. This would be one of the future research
directions. However, there may be others, such as: testing and implementing ABC within
public higher education institutions by determining the costs of academic courses, research
projects, departmental costs, studies (bachelor's, master's, doctorate, post doctorate),
development of the concept of opportunity cost for academic staff, etc.
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1. Introduction

Energy consumption is a critical component of the global economy, accounting for 10% to
15% of total GDP. This significant contribution emphasizes the importance of both
renewable and non-renewable energy resources in promoting economic growth and
progress across a wide range of sectors. In India, energy plays an important role in enabling
economic growth, backing the country's increasing industrialization and urbanization
during the last several decades. As the world’s third largest energy user, India’s energy
demands are crucial not only for economic development, but also for shifting to more
sustainable energy use by improving capital efficiency.

Energy plays a crucial role in the survival and expansion of the global economy, as the
production of goods and services is largely dependent on energy resources. This is
especially true for developing nations, where sustainable energy is essential for both social
and economic progress. However, increasing energy demand inevitably leads to a larger
ecological footprint (Wang & Yang, 2020). The challenge of balancing energy needs with
environmental stewardship is a persistent and critical issue for emerging economies (Lin &
Raza, 2020). For a rapidly growing economy like India, fossil fuels remain a dominant
source for meeting its energy demands (Wang et al., 2020). According to the International
Energy Agency, nearly half (49%) of global CO2 emissions from energy consumption
come from emerging economies, largely driven by urbanization and industrialization (Paul
& Bhattacharya, 2004). These patterns suggest a continued rise in energy-related CO2
emissions in developing countries.

India is currently the third-largest energy consumer and CO2 emitter globally, with
emissions reaching 2,279 million tons in 2022. As shown in Table 1, there is a clear positive
correlation between gross domestic product (GDP), CO2 emissions, and energy
consumption over the years (Alam et al., 2011; IEA, 2022; Citaristi, 2022; Banday and
Kocoglu, 2023). This makes India a key case for examining inter-factor and inter-fuel
substitution, the impact of energy use on economic growth, and the role of technological
advancements in addressing these challenges (Stern, 2011; Apergis & Payne, 2010).

Table 1. India’s GDP, energy consumption and Co, emissions

Year GDP Energy consumption CO;emissions
2013 9213017 26822 1804.585
2014 9801370 28453 1860.187
2015 10527674 29063 2026.904
2016 11369493 29713 2035.741
2017 12308193 30966 2067.426
2018 13144582 32712 2184.437
2019 13992914 32548 2316.24
2020 14534641 29807 2271.776
2021 13687118 33018 2074.646
2022 14925840 35159 2279.007

Source: Compiled by author based on data from Energy Statistics India.

This study aims to develop a translog production function that incorporates both energy
and non-energy inputs, focusing on evaluating factor and interfuel substitution.
Understanding India's current energy mix is essential, with coal remaining dominant
(nearly 50%), followed by crude oil (31%), natural gas (7%), and electricity from hydro,
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nuclear, and renewables (see Fig. 1). However, interfuel substitution must carefully balance
the trade-offs between reducing emissions and minimizing import dependence.

Figure 1. Source wise split of energy consumption in India

Energy Sources
Coal (46.4%)
Crude Oil (30.9%)
Electricity (13.9%)
Lignite (1.4%)

[ Natural Gas (7.4%)

Source: Compiled by author based on data from Energy Statistics India.

The Indian Energy Statistics report for 2019 highlights the substantial availability of key
energy resources such as coal, gas, oil, and electricity, as well as a significant rise in their
demand. This increasing demand has contributed to CO2 emissions, underscoring the
importance of these resources in India's energy mix (IEA, 2019). In this context, the present
study aims to estimate a production function for India's developing economy using a
transcendental logarithmic (translog) form. The study investigates the potential for both
inter-factor and inter-fuel substitution, focusing on energy and non-energy inputs from
1991 to 2023. The positive association between the gross domestic product (GDP) and key
variables including capital, oil, coal, and labor, as shown in Fig. 2, highlights the
relationship between economic growth and adverse environmental effects. Comprehending
these correlations is vital in evaluating forthcoming energy requirements and molding
policies for sustainable growth.

Figure 2. Relationships Between GDP and Key Economic Variables
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Given India’s growing population and energy demands, understanding future energy
consumption depends heavily on estimating inter-factor production elasticities and inter-
fuel substitution elasticities (Alam et al., 2011; Stern, 2011). Additionally, the study
assesses the relative technical progress among production factors, which, when combined
with elasticity estimates, can inform state policies on resource allocation for energy
conservation and emission reduction (Apergis & Payne, 2010; Aneja et al., 2017). To
achieve these objectives, the study constructs and estimates a translog production function,
which offers flexibility in measuring elasticities, interaction effects, and the technical
progress of production factors. The translog model is well-suited for analyzing these
complex relationships, making it an efficient tool for understanding energy consumption
patterns, interfuel substitution, and technological advancements in the Indian economy
(Christensen et al., 1973; Berndt & Wood, 1975)

2. Literature Review
2.1. Substitutability among factors of production

An extensive examination of the foundational literature reveals two primary strands related
to the substitutability of production factors. The first strand encompasses both conceptual
and empirical studies aimed at understanding the substitutability among factors of
production. This understanding is crucial for developing strategies to reduce reliance on
certain inputs, particularly energy sources, by substituting them with labour or capital
(Berndt & Wood, 1975; Magnus, 1979; Pindyck, 1979; Prywes, 1986). Such substitution
can only be implemented when empirical evidence supports the notion of substitutability
without any loss of output.

The implications of resource substitution extend to fuel prices, demand dynamics, and
ultimately, output growth. A significant aspect that emerges from research conducted in
both developing and developed countries is the ongoing debate surrounding the
substitutability and complementarity of energy and non-energy inputs. For instance, Berndt
and Wood (1975) identified a complementary relationship between capital and energy. In
contrast, Pindyck (1979) found evidence supporting the idea that these factors serve as
substitutes across ten nations. A subsequent body of literature has further explored this
theme. Studies by Christopoulos (2000), Thompson and Taylor (1995), and Truong (1985)
uphold the capital-energy substitutability hypothesis. Conversely, Anderson (1981), Fuss
(1977), and Prywes (1986) provided evidence in favour of the capital-energy
complementarity hypothesis. More recent analyses, such as those by Lin and Xie (2014),
appear to shift the debate towards capital-energy substitution, primarily focusing on
developed nations. Nevertheless, these findings contribute to a broader understanding of
sustainable growth pathways that are less energy intensive.

The second strand addresses the substitution possibilities among four predominant
traditional fuels: coal, natural gas, oil, and electricity. This analysis offers policymakers the
flexibility to adjust the fuel energy profile of the economy, considering both production
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efficiency and emission concerns (Halvorsen, 1977; Griffin, 1977; Vlachou & Samouilidis,
1986; Andrikopoulos et al., 1989; Taheri, 1994). Energy sources that are locally sourced
or exhibit lower emission profiles could feasibly replace imported or environmentally
detrimental energy alternatives without sacrificing output.

2.2. Importance of energy in key sectors

The critical role of energy in specific sectors such as construction, industrial heating, and
heavy manufacturing cannot be overstated. Consequently, numerous studies investigate
energy-non-energy substitutability and inter-energy substitution within sectors of various
countries. Recent studies warrant attention in this context. For instance, Rehfeldt et al.
(2018) examined industrial heat demand in Europe. Ma et al. (2018) focused on the
commercial building sector in China. Huh et al. (2018) studied the cement industry in
Korea. Wesseh Jr and Lin (2018) investigated energy dynamics in Egypt, while Liu et al.
(2018) analyzed heavy industry in China. Additionally, Khalid and Jalil (2019), Wei et al.
(2019), Lin and Xu (2019), Lin and Raza (2020), and Bello and Solarin (2022) have also
contributed to this topic.

In the context of India, several studies have explored the energy mix's responsiveness to
price changes. Uri (1979) analyzed the sensitivity of the energy mix from the 1960s to the
1970s across five sectors: transportation, manufacturing and mining, agriculture,
government and commercial activities, and household consumption. This study employed
a trans log cost function model incorporating capital, labor, and various energy sources,
including oil, coal, and electricity. The findings indicated that energy consumption is price
sensitive in the commercial sector. Shankar and Pachauri (1983) investigated the
complementarity between energy and capital within India's manufacturing industries,
providing evidence supporting the energy-capital complementarity hypothesis. Vashist
(1984) and Sarkar and Roy (1995) also contributed to the discourse on inter fuel
substitution. Recent research has expanded the focus on inter fuel substitution and energy
elasticity in India. For example, Tiwari and Menegaki (2019) utilized a time-varying
Kalman filter approach to assess electricity price elasticity in India from 1975 to 2013,
revealing that electricity demand is influenced by foreign direct investment, trade, and
supply-side factors.

While Adebayo et al. (2020), Usman et al. (2021), Apergis and Payne (2010), and
Ouedraogo (2013) have studied renewable energy, economic growth, and energy
efficiency, they have largely ignored the critical role of total energy consumption and its
relationship with real capital (K) in achieving sustainability. Furthermore, past research has
focused on certain sectors within various nations, but none has examined this interaction
in the context of growing economies such as India. This is a scientific topic because
understanding these processes is critical for policymakers looking to optimize energy
consumption and promote sustainable development. Thus, the current study aims to address
the literature gap by investigating the interfuel substantiation in Indian economy.
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3. Data and Methodology
3.1. Variables and data sources

The dataset considered for this study spans yearly data on GDP, labour employment, capital
stock, and the consumption of coal and petroleum (henceforth, referred to as Oil) in India
from 1990 to 2023. These variables are chosen based on a production function where GDP
depends on capital, labour, and energy, as underscored by coal and oil due to their
predominance in India's energy supply. A difficult call is about the inclusion of electricity
in the model. Logically, energy aspect of electricity is masked because other energy sources
go as inputs in it and hence its inclusion could lead to double counting of energy sources
and requires estimating additional parameters. To understand the importance of various
sources of energy in India, electricity generated by hydro, nuclear and other renewable
sources (ORS) is considered but not incorporated in the model of the production function.
The amount of capital employed is assessed using capital stock. This, by definition, is a
stock variable. The commonly disseminated data in this regard is that of capital formation,
which is essentially ‘investment’, a flow variable (which accumulates to make a stock).
The prevailing approach for gauging capital stock is the perpetual inventory method as
given in equation (1):

Ki=Ki1.(1=8)+1, (1)

Where K; and K.; are the capital stock in year t and t-1 respectively, and 6 and I; are
notations to denote depreciation rate of capital stock and the investments in year t
respectively. Nevertheless, this approach has its own set of challenges, the most common
being the determination of the initial capital stock, Ko. Moreover, one must be cautious is
choosing the rate of depreciation of the capital stock, 6. The present study adopts the
approach of Berlemann and Wesselhoft (2014) and Lin and Ahmed (2016) for estimation
of capital stock. They provide a working model for the estimation incorporating the insights
from earlier studies by Nehru and Dhareshwar (1993), De la Fuente and Domenech (2000),
and Kamps (2006). This unified approach leverages the strengths and addresses the
weaknesses of the studies. While these earlier approaches share commonalities, they
diverge notably in estimating the initial capital stock, K. For this, we follow Lin and
Ahmed (2016) and Raza et al. (2021) by approximating the initial capital stock to be:

_ I b))
g+s6

Ko

where Ky is the initial capital stock, Iy represents the initial capital investment, ‘g’ is the
computed growth rate of capital investment over the period of study, and ‘3’ is depreciation.
For the choice of 8, we follow the World Bank convention of a standard 5% depreciation
rate. We apply the methodology proposed by Berlemann and Wesselhoft (2014) to estimate
India’s capital stock series. This estimation uses initial capital stock, depreciation rates, and
investment rates from 1990-91 to 2022-23. A detailed overview of the variables is provided
in Table 2.
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Table 2. Description of variables

Variables Units Source
GDP (Y) Rupees crore RBI Handbook of Statistics
Capital Stock (Ky) Rupees crore RBI Handbook of Statistics
Labour (Ly) Millions Labour and Employment Statistics, MOSPI
Coal (Cy) Petajoules Energy Statistics
Qil (Oy Petajoules Energy Statistics

Source: Computed by author.
3.2. Methods

The techniques employed to gauge the substitutability of factor inputs primarily rely on
production functions. Research indicates the usage of CES (Constant Elasticity of
Substitution) production functions as well as flexible production functions for empirical
examination of the capital — energy substitution hypothesis (Koetse et al. (2008)). Flexible
production functions yield flexibility to estimates of substitution parameters. Among the
class of flexible production functions, the trans-log production function primarily
introduced by Christensen et al. (1973) is widely favoured. Numerous studies in the field
utilize this function due to its advantages over the CES production function (Considine
(1989), Jones (1995), Bataille (1999)).

In accordance with the principles of duality theory, research in the field has utilized either
the trans log cost function or the trans-log production function. In microeconomic theory,
the dual for a trans-log production function is the trans-log cost function. This duality
implies that all the essential information captured in a trans-log cost function is obtainable
from the trans-log production function (Debertin and Pagoulatos, 1985). The choice
between the two then comes down to the availability of requisite parameters underlying the
two models. For the trans-log cost function, this set is input prices and the resulting output
produced. Adeyemo et al. (2007), Penphanussak and Wongsapai (2008) and Ma et al.
(2008) opted for the trans-log cost function to estimate the elasticities of substitution or
complementarity between input factors. They favoured it perhaps because it incorporates
information on input prices, which leads to a straightforward computation of own-price and
cross-price elasticities. However, in many cases, aggregated data on factor prices such as
wages, rents, and energy costs are not available for large datasets. Consequently, some
studies relied on its dual counterpart, namely the trans-log production function (Smyth et
al. (2011), Lin and Wesseh (2013), Wesseh et al. (2013)). Following suit, we adopt the
trans-log production function in our study due to the unavailability of input price data for
the sample.

A production function takes the following general form:
Yy = f(Ke, Ly, Ct, O) 3)

Where Y, K, L, C, and O; represent output produced, capital stock, labour employed,
coal consumption and oil consumption in India, respectively. As suggested by the literature,
the trans-log production function is given in equation (4):

lnYt = &+ IBKant + ,BLlnLt + ,Bclnct + ﬁoant + ﬁKLanLt + IBKCanCt (4)
+ BronKO; + B1oInLO; + BrcInLCi + LoclnOC;
+ Bk (InKp)? + B (InLe)? + Bec (InC)? + Boo (In0,)?
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We differentiate equation (4) with respect to the natural log of Ky, L, C;, and Oy to obtain
the output elasticity with respect to capital, labour, coal, and oil. The partial differentials
are presented in equation, (5), (6), (7) and (8) respectively.

a¥/,  dmy, (5)
T = = Px + BxrInLs + BycInCy + ByolnO; + 2Pk InK,

0K =

dK /x "~ dInk,
Y/ dimy, ©)
HL - = == ﬁL + ﬂKLant + ﬂLclnCt + ﬁLOant + ZﬁLLlnLt
dL; " dinL,
Y/ dy, ™
HC - S5~ = = ﬁc + ﬁCKant + ﬁLclnLt + ﬁco ant + ZﬁcclnCt
dCy .~ dinG,
s dmy, ®)
90 - S5 = == BO + ﬁKOant + ﬁLolnLt + Bcolnct + Zﬁoolnot
do; =~ dino,

The estimates of the elasticity of substitution between various pairs of factor inputs, which
would indicate the level of substitutability/complementarity can be obtained using the
above partial differential expressions. The resultant elasticity estimates give the change in
the input factors mix relative to a unit change in the marginal rate of technical substitution.
In theory, it captures how the substitution between input factors changes contingent upon
the price change of one input. The elasticity of substitution assumes a value ranging from
zero to infinity, where a zero shows no possible substitutability between factors (often the
case with fixed input proportions) while infinity or practically large value indicates perfect
substitutability. For the specific case of capital and labour, the elasticity of substitution can
be expressed as:

@G| e G ”
oG] el ()

Where MPPx and MPP; depict marginal productivity of capital and labour respectively.

Furthermore, it is known that

mer, Y/ 6L K (10)

MPP, aY/E)K T OK L

Combining (9) and (10), we get the equation (11) as:

MPP I - 11
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We also know that

1oz )| _ o, x 2(ex)

= + —.
K 0K L K
dl+ d(+
(L) (L) (12)
oL 6L (13)
d(ﬁ) = Tk .dOK + 9— .doL
K K 1 (14)
d(f) =1z .dL +Z .Dk

Combining (12), (13) and (14), we get the formal expressions for elasticity of substitution
between capital and labour as:

6K 1 (15)

UKL = [1 + I:_BKL + (E) .ﬁLL:l . (_QK + HL)_ ]

Similarly, the expression for elasticity of substitution between other pair of factor inputs,
viz. capital-coal, capital-oil, labour-coal, labour-oil and coal-oil, can be worked out as
under:

oe = [1+ [~Buc + (5g) ec| -(-ox + 96)-1]'1 (16)
o0 = [1+ [~Beo + (55) -Boo| -(-0K + 90)-1]‘1 (17)
o = |14 [~Buc + (5g) -Bec| (oL + gc)_l]'l (18)
o0 = |1+ [~Bi0 + (35) -Boo .(-6L + 90)—1]'1 (19)
s00 = [1+ [ oo + (25 oo - -0C + 00| 20)

The possibility of Inter-factor and inter-fuel substitution necessitates the elasticity of
substitution to be a positive number.

Usually, the model is estimated using the ordinary least squares (OLS) technique. However,
due to the presence of numerous explanatory variables in the trans-log production function,
there is a heightened risk of significant multicollinearity, as noted by Pavelescu (2011).
Multicollinearity poses challenges in estimation by increasing the variance of the obtained
OLS estimates, thereby compromising the efficiency of the parameters. To address this
issue, we opt for a slight modification of the OLS method by applying L2 transformation
to the OLS.
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The L2 transformation, also known as the Ridge transformation, pioneered by Hoerl and
Kennard (1970), is a technique used in regression analysis to handle multicollinearity and
reduce the variance of parameter estimates. In the context of ridge regression, the L2
transformation adds a penalty term to the ordinary least squares (OLS) objective function.
This penalty term is proportional to the square of the magnitude of the coefficients, hence
the term L2, and it is scaled by a parameter A, which controls the amount of shrinkage
applied to the coefficients.

Now, the objective function of L2 transformed OLS, or the ridge regression can be
expressed as:

n

L e
minimise Z(yl- — Bo — Bixi1 — Baxiz —...—ﬂpxl-p) + AZ ‘31_2
j=1

=1

Here, the first term is the ordinary least squares (OLS) residual sum of squares, and the
second term is the penalty term added to it. The A parameter is a tuning parameter that
determines the trade-off between fitting the data well and keeping the coefficients small.
As is evidenced from the above objective function, increasing A increases the amount of
shrinkage applied to the coefficients, which can help mitigate multicollinearity but may
also lead to bias in the parameter estimates.

In practice, several methods are employed to arrive at the optimal value of A. The most
common one is the Ridge Trace Plot, which has been used in this paper. This method
involves iteratively estimating the coefficients of the model for various values of A and
observing how they change with increasing regularization. The goal is to find the level of
regularization (4) that strikes a balance between reducing model complexity and preserving
predictive accuracy. By examining the plot of coefficients against A values, one can identify
the point at which the coefficients stabilize, indicating that further regularization may not
be necessary. Additionally, if any coefficients exhibit incorrect signs according to
theoretical expectations, adjustments can be made to ensure their correctness.

Moreover, the study performs Cross Validation exercise to yield the optimal value of A.
Cross Validation is a method commonly used for selecting the optimal value of the tuning
parameter in ridge regression. Here, the data is divided into k subsets, or folds, of
approximately equal size. For each fold, a ridge regression model is trained on the
remaining k-1 folds. The model is then validated on the fold that was left out. The process
is repeated k times, each time using a different fold as a validation set. The performance of
the model is evaluated using the relevant metric, here, the mean squared error (MSE), on
each validation set. The average performance across all folds is calculated for each
candidate value of A. The value of 4 that minimizes the average error is selected as the
optimal tuning parameter. Cross-validation helps to ensure that the model's performance is
robust and not dependent on the specific partitioning of the data. By systematically rotating
through different subsets of the data for training and validation, cross-validation provides
a more reliable estimate of how the model will perform on unseen data.
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4. Results

A considerable number of parameters need to be estimated in equation (4) and this raises a
potential existence of high multicollinearity. Hence, we follow the standard procedure
suggested by Kamenta (1986) to diagnose the possible existence of multicollinearity in the
model. Primarily, it suggests running auxiliary regressions, those are regressions of each
independent variable (capital, labour, coal, and oil) on the remaining independent variables.
The set of obtained coefficients of determination (R?) for these auxiliary regressions would
indicate the extent of multicollinearity. High R? values for many auxiliary regressions
indicate multicollinearity. We run four auxiliary regressions which yield the four R? values
as: 0.976, 0.943, 0.978, and 0.997. Also, we estimate the variance inflation factor (VIF) for
each variable in these models and all values are greater than 10. This further confirms the
presence of significant multicollinearity.

Furthermore, employing the ordinary least squares (OLS) estimation technique to estimate
equation (4) reveals that while all parameter estimates collectively exhibit a significant
effect on output, only 65% of the individual estimates turn out to be statistically
insignificant. Additionally, half of the estimates display incorrect signs, contradicting
economic theory. These findings confirm the presence and severity of multicollinearity and
necessitate a remedy, namely ridge regression.

4.1. Results of ridge regression model

The most pertinent question at the onset is the optimal value of the ridge penalty parameter,
A. For this we resort to the Figure 3 which depicts Cross Validated Mean Squared Errors
across various folds of iterations. We supplant it with the standard practice of a Ridge Trace
Plot as given in Figure 4. The optimal A value turns out 0.025. This is the value that
minimises the Mean Squared Error and the coefficients are stabilised as shown by the Ridge
Trace Plot.

Figure 3. Plot of Mean Squared Error against penalty parameter
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Figure 4. Ridge Trace Plot
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Source: Generated by author.

In this study, we do not present the standard errors or significance values of the coefficients
obtained from our ridge regression analysis. This decision is based on the understanding
that standard errors in ridge regression are often less reliable. Instead, we focus on robust
techniques and align our findings with economic theory to validate the generated
coefficients. To ensure the reliability of our estimates, we conducted a cross-validation
exercise, which confirmed that the coefficients displayed their expected economic signs.
The model effectively addresses the issue of multicollinearity, and the regression
coefficients are consistently positive, in line with economic theory, indicating increasing
returns to scale for all input factors. Additionally, both the cross-influence and square-
influence estimates are positive, reinforcing the reasonableness of our ridge regression
parameters. These results are summarized in Table 3.
Table 3. Results of Ridge regression model

Ridge regression with A =0.025

R square= 0.8501

§8=32.841

MS=2.127

F value = 15.31

Sig F =0.00

Var InK InL InC InO InKinK" | InLInL | InCInC | InOINO | InKInL | INKINC | INKINO | InLINC | InLINO | InCInO

Coeff | 006 | 0.20 | 0.08 | 0.04 | 0.004 | 0.01 | 0.006 | 0.01 0.005 | 0.007 | 0.005 | 0.009 | 0.006 | 0.01

4.2. Output elasticities and elasticities of substitution

Equations (5) to (8) are utilized to estimate output elasticities concerning input factors.
These elasticities are depicted in Figure 5 and summarized in Table 4.
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Figure 5. Output elasticity of factor inputs
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Table 4. Output elasticities of capita, labour, coal, and oil
Year ok ol ¢oc (1]
1990-91 2.155572 4.674932 2.894997 2.400433
1991-92 2.162403 4.682752 2.903565 2.406467
1992-93 2.169015 4.690007 2.911651 2.414845
1993-94 2.175189 4.697121 2.919382 242152
1994-95 2.181831 4.70529 2.927983 2.430256
1995-96 2.188648 4.713643 2.936827 2.43905
1996-97 2.19596 4.722523 2.946661 2.450253
1997-98 2.20046 4.727991 2.951435 2.456026
1998-99 2.20641 4.735203 2.958787 2.464314
1999-00 2.216457 4.746346 2.973019 2.48805
2000-01 2.226854 4.757429 2.988448 2.510037
2001-02 2.232524 4.763151 2.995185 2.517272
2002-03 2.237956 4.768669 3.001805 2.525072
2003-04 2.244809 4.77585 3.011063 2.536535
2004-05 2.251347 4.782776 3.019748 2.545454
2005-06 2.256907 4.788949 3.026422 2.551859
2006-07 2.265854 4.798746 3.038948 2.567976
2007-08 2.273515 4.8071 3.049044 2.579151
2008-09 2.280256 4.814617 3.057774 2.587379
2009-10 2.291071 4.826418 3.073688 2.609513
2010-11 2.295463 4.830279 3.07824 2.614354
2011-12 2.300709 4.835078 3.084251 2.621043
2012-13 2.307952 4.842777 3.093942 2.632347
2013-14 2.322519 4.860378 3.11736 2.649637
2014-15 2.329847 4.868581 3.12771 2.659105
2015-16 2.334535 4.873288 3.13328 2.665793
2016-17 2.338896 4.877452 3.138228 2.672633
2017-18 2.344061 4.882744 3.144711 2.679044
2018-19 2.35017 4.889183 3.152848 2.6863
2019-20 2.352198 4.890203 3.153856 2.68667

2019-20

2020-21
2021-22
2022-23

!
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Year ok ol ¢oc @0
2020-21 2.349565 4.88783 3.146864 2.673973
2021-22 2.358697 4.899428 3.160645 2.688935
2022-23 2.366956 4.911966 3.172609 2.700746

Mean 2.265594 4.797839 3.039121 2.561577

Standard Deviation 0.066477 0.072779 0.088236 0.099545

Source: Computed by authors.

All obtained output elasticities are positive with the highest value obtained for labour,
followed by coal and then oil. The input consumption shows a rising trend as is evident
from the positive values of the elasticities. Simply put, it underscores heavily reliance of
India’s output growth on greater labour utilization and increased energy consumption.
These estimated output elasticities are then employed to obtain the elasticities of
substitution for all pairs of inputs following equations (15) to (20). The estimated values
for the same can be found in Table 5.

Table 5. Elasticities of substitution between factor inputs

Year okl oko oke olc olo oco
1990-91 1.003907 0.878761 1.031582 1.007537 1.065832 1.045895
1991-92 1.003878 0.878222 1.031491 1.007537 1.065692 1.045772
1992-93 1.003878 0.879114 1.031408 1.007537 1.065534 1.04561
1993-94 1.003822 0.879306 1.031327 1.00733 1.065395 1.045479
1994-95 1.003795 0.880362 1.031235 1.00733 1.065226 1.045311
1995-96 1.003795 0.881336 1.031141 1.00733 1.065057 1.045144
1996-97 1.003738 0.883294 1.031033 1.007107 1.064858 1.044934
1997-98 1.00372 0.883894 1.030993 1.007107 1.064749 1.044828
1998-99 1.00372 0.885014 1.030919 1.007107 1.064598 1.044675
1999-00 1.003653 0.891533 1.03076 1.00689 1.064263 1.044255
2000-01 1.003607 0.896582 1.030583 1.00689 1.063954 1.043871
2001-02 1.003607 0.897179 1.03052 1.00689 1.063834 1.043743
2002-03 1.003558 0.898112 1.030456 1.006625 1.063713 1.043607
2003-04 1.003528 0.899934 1.030359 1.006625 1.063544 1.043409
2004-05 1.003528 0.900816 1.03027 1.006625 1.063402 1.043254
2005-06 1.003476 0.901084 1.030208 1.006412 1.063289 1.043143
2006-07 1.003439 0.903781 1.030075 1.006412 1.063062 1.042873
2007-08 1.003439 0.905018 1.029974 1.006412 1.062892 1.042685
2008-09 1.003379 0.905489 1.029888 1.006142 1.062755 1.042546
2009-10 1.003334 0.909435 1.029718 1.006142 1.062473 1.04219
2010-11 1.003334 0.909537 1.029683 1.006142 1.062399 1.04211
2011-12 1.003289 0.909971 1.029632 1.005908 1.062304 1.042002
2012-13 1.003259 0.911267 1.029536 1.005908 1.062148 1.041822
2013-14 1.003259 0.912 1.029278 1.005908 1.061856 1.041531
2014-15 1.003174 0.912617 1.029174 1.005529 1.061712 1.041379
2015-16 1.003154 0.913213 1.029126 1.005529 1.061621 1.041275
2016-17 1.003154 0.91396 1.029086 1.005529 1.061535 1.041171
2017-18 1.003113 0.914296 1.029028 1.005391 1.061442 1.041071
2018-19 1.003088 0.914586 1.028951 1.005391 1.061333 1.040956
2019-20 1.003088 0.914035 1.028954 1.005391 1.06132 1.040949
2020-21 1.003089 0.910764 1.029047 1.005403 1.061425 1.041136
2021-22 1.003056 0.912591 1.028905 1.005403 1.061215 1.040905
2022-23 1.003056 0.913641 1.028786 1.005403 1.061019 1.040723

Mean 1.003452 0.900023 1.030095 1.006389 1.063195 1.043038

Standard Deviation 0.000279 0.013237 0.000895 0.000752 0.001533 0.001702

Source: Computed by authors.




Capital, coal, and change: modelling India's energy substitutability with a translog production framework 45

The computations illustrate that all pairs of substitution elasticities exhibit positive signs
and are close to unity, indicating substitutability among all inputs. Particularly high
substitutability is observed between capital and coal, labour and oil, as well as coal and oil.
These substitution dynamics are crucial for augmenting power generation capacities,
fostering conservation, ensuring environmental sustainability, and enhancing energy
security. Conversely, the substitution between labour and energy is pivotal for any
meaningful exercise geared towards conserving energy and generating employment.

5. Discussions

In the literature, various studies like Berndt and Wood (1975), Fuss (1977), and others
suggest capital and energy to be complementary inputs. On the other hand, there are studies
that recognise them as substitutes, like the ones by Griffin and Gregory (1976) and Pindyck
(1979). The present study finds a positive and close-to-unity substitution elasticity between
capital and energy throughout the entire sample period. This finding aligns with similar
results obtained by Medina and Vega-Cervera (2001) in their study on Portugal, Italy, and
Spain, Smyth et al. (2011) studying Chinese iron and steel sector, and Wesseh et al. (2013)
for Liberia. This observed substitutability between energy and capital hints at the fruitful
results of increasing investment, particularly when this investment is made in energy-
saving technology, complemented by curbing of energy subsidies and energy price ceilings
(Wesseh et al., 2013). The adoption of true energy prices is expected to stimulate
technological innovation and encourage the implementation of capital-intensive methods
geared towards conserving energy.

The inter fuel substitutability, that is coal-oil substitutability, has environmental and
Balance of Payment ramifications for India. On the one hand, oil swells import bill whereas
coal doesn’t, as it is mostly domestically sources. On the other, the environmental
emissions are higher for coal as compared to oil. So, even though the study finds evidence
for inter fuel substitutability, a rational call on practical substitution would require
weighing in all the angles well.

The trend indicating a slightly increasing substitutability between energy and labour over

time suggests that the substitution is efficient. Therefore, it becomes crucial for the

government to prioritize investment in the labour market, particularly by improving the

education and skills of the workforce, with a focus on efficient energy use. Enhancing the

knowledge and skills of workers not only increases labour productivity but also promotes

better energy efficiency and conservation (Mukherjee (2008)). This relationship is further

supported by the following points:

1. Higher labour productivity contributes directly to increased overall output (Schurr
(1983)).

2. Improvements in technical and managerial skills among workers and entrepreneurs help
in minimizing energy waste.

3. Skilled labourers understand energy usage better and can effectively employ energy-
efficient technologies (Mandal and Madheswaran (2011)).
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Lin and Ouyang (2014) and Lin and Zhang (2013) noted similar findings in their studies,
highlighting the significance of investing in the labour market to achieve energy
conservation objectives.

5.1. Scenario analysis

The elasticity of substitution between capital and energy holds practical significance,
particularly in scenario analyses aimed at estimating potential energy conservation and
reducing CO, emissions. We conduct scenario analyses by considering increased
investments in energy-saving technologies by 5% and 10%. The results, presented in Table
6, outline the potential for energy conservation and CO; emission reduction under various
investment scenarios for the year 2021.

While the differences in potential energy conservation and CO, emission reduction
between coal and oil are not substantial, the findings underscore the critical importance of
investing in energy-saving technologies in both sectors. Coal is noted for its high pollution
intensity, while India faces heavy import reliance in case of oil. This highlights the
necessity of directing efforts towards improving energy efficiency across these sectors.

Table 6. Energy conservation and the CO:; emission reduction in 2021 under different scenarios

Scenarios Increase of energy Coal Qil
saving technology by Conservation (in CO; emission Conservation (in CO; emission
petajoules) reduction (Mt) petajoules) reduction (Mt)
1 5% 9324 74.12 517.1 24.44
2 10% 1864.8 148.25 1034.2 48.87

Source: Computed by author.
5.2. Relative difference in input technical progress

In this study, we also investigate the varying rates of technical advancement between pairs
of energy and non-energy input factors. To do so, we make use of the trans-log production
function of the Indian economy, which combines the output elasticities and estimated
coefficients of equation (4). Following the methodologies outlined by Smyth et al. (2012),
Lin and Wesseh (2013), and Raza et al. (2021) the function employed for this analysis is
expressed as:

i J
Where D;; quantifies the difference in technical progress between input i and input j, and
Bi and B; are the estimated coefficients derived from equation (4). ©; and ©; denote the
current state of technical knowledge of inputs 'i' and 'j'. A positive Djj indicates that the rate
of technical progress for input 'i' surpasses that of input 'j', while a negative Dj; suggests the
opposite. If Dj; equals zero, it signifies that technical progress for both inputs’ advances at
an identical pace.

We plot the outcomes of equation (22) in Figure 6. The analysis reveals slight discrepancies
in the relative technical progress among the four inputs.



Capital, coal, and change: modelling India's energy substitutability with a translog production framework 47

Figure 6. Difference in technical progress between pairs of factor inputs
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As seen in the time plot, the differences are minimal, and the convergence pattern indicates
efficient progression of inputs over time. The figure shows that advancements in
technology for capital and coal occur at a similar pace, as their technical progress disparity
remains negligible. On the other hand, the capital-labour pair consistently shows a slight
negative value across the sample period, suggesting that the technical progress in capital
slightly outpaces that of labour. In contrast, labour demonstrates greater technical progress
than the two energy sources. The convergence trend in technical progress differences across
all pairs of input factors is indicative of potential opportunities for substitution in the future.
This implies that adjustments in input combinations could be considered to enhance
efficiency and productivity.

6. Conclusions and policy recommendations

The study employs a transcendental logarithmic production function to examine
technological changes and potential substitutions among capital, labour, coal, and oil in
India from 1991 to 2023. Detecting multicollinearity, the study applies ridge regression,
employing the L2 transformation to estimate the production function. The study uncovers
four main findings.

Firstly, positive output elasticities for all inputs indicate increasing consumption over time,
highlighting their role in fostering economic growth. Secondly, all four inputs exhibit
substitutability, particularly noticeable between specific pairs like capital-coal, labour-coal,
and oil-coal. Capital-energy substitution, the first pair, suggests that investing in energy-
saving technologies and phasing out energy subsidies could encourage capital-intensive
production methods. The second pair, labour-energy substitution, indicates that enhancing
worker knowledge and skills may promote energy conservation. Thirdly, inter-fuel
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substitution potential exists between oil and coal but requires consideration of balance of
payments and environmental implications associated with each energy source.

Lastly, the study identifies convergence in technical progress differences among factor
input pairs, indicating significant substitutability between capital and labour for energy.
Technological advancements in any input could potentially elevate its dominance over
time. This convergence suggests a focus on enhancing capital in other factor inputs to
support alternative energy sources and diversify the energy supply mix.

In summary, these findings provide insights for policymakers to design effective price-
based policies, rationalize tariffs and subsidies, formulate growth strategies focused on
physical and human capital, and develop environmental policies focused on energy
efficiency and conservation. They underscore the importance of advancing technology,
fostering a skilled labour force, and promoting a diversified energy supply mix. However,
limitations include the specificity of the trans-log production function, potential efficiency
losses from numerous parameters despite a small ridge penalty (0.025), and the exclusion
of variables like electricity consumption, suggesting opportunities for future research and
model refinement.
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Abstract. Across the developing world, many countries are championing the establishment of export
processing zones (EPZs) due to the perceived economic benefits associated with them. The reduction
in the issue of unemployment is one main reason for the full embrace of the EPZ policy but as to
whether this dream is being achieved is unclear. Relying on aggregated data for the period 1998Q1-
202404 from Ghana's free zones, this study quantitatively analyses the impact of EPZs measured
by their investment and export activities on the country’s unemployment rate by considering the
issue of asymmetries through the use of the nonlinear autoregressive distributed lag technique. The
empirical results point to the crucial role of the zones in Ghana in reducing unemployment in both
the short and long-terms. Aside the selected variables being cointegrated, there is also the presence
of long-run asymmetric effects of both EPZ investment and export on the unemployment rate. It is
therefore suggested that government should streamline and enhance the EPZ subsidies to attract
more firms that particularly engage in higher grade production to employ more people while helping
them to acquire more skills.
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1. Introduction

Emerging countries around the world have become accustomed to the idea that the concept
of export processing zones (EPZs) has the ability to spur them on in terms of their economic
development. This accounts for its proliferation in that part of the world where in return for
the perceived benefits, countries with actually limited financial resources continue to
compete among themselves fiercely for the global supply of foreign direct investment
through the provision of generous trade subsidies (Cirera & Lakshman, 2017). The
incentives are provided to make the potential host countries look more attractive in terms
of the business environment.

Prior to the onset of export processing zones, most of these third world countries were
engaged in restrictive trade to produce goods and services domestically for the citizens with
the aim of attaining economic self-reliance. The import-substitution policy for example
which encouraged nations to apply import quotas and other trade tariffs with the aim of
promoting local production was one such popular policy championed by such governments
(Elbeydi et al., 2010). Sadly however, most implementing countries of this policy were
soon faced with a myriad of economic challenges including high rate of inflation,
unemployment, uncompetitive export sector and a deterioration in their balance of
payments (Irwin, 2021). Hence, EPZs came in to cure the ills associated with the closed
economies, and this can be attested to in the examples of several countries in Asia and
South America, two of the world’s developing regions that have fully embraced EPZs,
although for Africa, regarded as the most impoverished continent in the world, it only
accounts for 4% of the number of zones around the globe (Rodriguez-Pose et al., 2022).

Ghana could be described as one important country on the African continent with keen
interest in the EPZ policy. The country is a chief producer of primary commodities with
the vast majority of its working population engaged in farming. The country
operationalised its flagship Tema Export Processing Zone (TEPZ) under the Ghana Free
Zones Authority in 1996, although it has since added three more zones in Boankra in the
Ashanti Region and Sekondi and Shama, both in the Western Region (GFZA, 2022). The
Ghanaian zones directly employ 24,203 workers annually on average (or 0.22% of the
labour force), who are responsible for more than 14% of all exports from Ghana (GFZA,
2022). By nature, firms do not necessarily have to be sited in any particular zone before
they are able to enjoy the incentives on offer aside the fact that an export processing zone
firm could be 100% owned by expatriates or could have a joint ownership.

The generous subsidies offered investors in the form of fiscal incentives, superior
infrastructure and lax regulation are hoped to attract more export-oriented firms to promote
economic development especially in respect of employment generation, seen as a crucial
measure of zone success (Cirera & Lakshman, 2017). The resources pumped into the
provision of the incentives could however have been used elsewhere to help the citizens
and hence there is the need to see if overall, the zones on the other hand are contributing to
the development of the host nation.

Ascertaining the efficacy of the policy is however very difficult as it has only limited
amount of literature available in comparison to other areas of economics. This situation
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could be attributed to the lack of success with zone implementation or the lack of data, with
the few available studies skewed in favour of the very successful Latin American and Asian
countries such as Mexico, Panama, Costa Rica, Dominican Republic, China, South Korea,
Hong Kong, Taiwan, Singapore, Bangladesh and Sri Lanka, (Islam & Mukhtar, 2011;
Sargent & Matthews, 2009; Sigler, 2014; Wang et al., 2013). What about Africa? The
situation is totally different since most countries have not been very successful with zone
implementation.

Also, in terms of the data issue, there is no internationally available data on export
processing zones across the globe with differences in the definition and types of zones as
well as opaque incentive regime most of which are actually in breach of World Trade
Organisation (WTO) rules accounting for this (Siroén & Yucer, 2014). In fact, to date, the
only available statistics on EPZs is the 2007 ILO statistics compiled by Boyenge which
only gives information on the total number of countries with zones, number of zones across
the world and total number of employment (Boyenge, 2007). The vast majority of EPZ host
countries do not provide any time series data and even where they do the data are mere
estimates which diverge from reality (Gibbon et al., 2008). The total effect of all this is that
it does not allow for proper cross-country study of the concept involving the use of robust
econometric models.

Thus, having been able to obtain data on Ghana’s free zones programme, this paper seeks
to find out how the country’s free zones activities measured by all investments in the zones
and exports from the zones are helping in the fight against unemployment. Although some
qualitative studies have looked at the employment activities in the zones elsewhere
(Cizkowicz et al., 2017; Leong, 2013), this is a first-of-its-kind paper that uses aggregate
free zones data to determine their impact on national unemployment. In doing so, we
employ the nonlinear autoregressive distributed lag (NARDL) methodology to examine the
asymmetric effects of EPZ investments and exports on Ghana’s unemployment.

In all, many international organisations have different opinions on the concept of EPZs.
Some express a bit of cynicism about it whilst others still think it is capable of facilitating
the economic development of nations. Such a study will therefore make it possible for such
world bodies and other development partners including advanced nations some of which
are still major donors to the poor countries like Ghana to know the contribution of the
policy in terms of its developmental impacts especially regarding the reduction of
unemployment. This will help them to know which areas or sectors to direct their assistance
to in relation to the EPZ policy.

There are five chapters to this paper. In chapter one, there is the introduction, comprising
of the study’s background, problem statement, purpose of study and its significance.
Chapter two highlights the theoretical and empirical foundations of the study in the
literature review whist chapter three describes the research methodology. The penultimate
chapter presents the results of the study and discusses same and in the final chapter, the
study is concluded.
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2. Literature review

Different opinions exist the world over about the impact of export processing zones in the
developing world. Governments, economists, researchers and international organisations
proffer differing views on the operations of EPZs. In the case of governments in emerging
countries that actually struggle constantly to balance their national budgets, they
predictably see the EPZ policy as a good and timely tool to employ to help them develop
their countries due to the perceived benefits associated with EPZs such as the expansion of
the export sector to rake in more foreign exchange, creation of employment for the teeming
youth, attraction of badly needed foreign capital, technology transfer among others
(Waters, 2013).

On the other hand, most economists display a lot of pessimism about EPZs (Engman et al.,
2007). Although they actually struggle to obtain any up-to-date data to conduct meaningful
studies and especially do cross-country comparisons, the cursory assessments from the
operation of most zones have not given the world’s economists any room to be hopeful
about EPZs. The source of the pessimism for the economists is simply the way the zones
are treated. That is, the zones are usually offered the generous trade incentives in the name
of trade liberalisation while in actual fact the larger economy is left unattended to. In other
words, the zones are almost treated as an economy within an economy in which the
conditions that pertain in the zones usually differ from what exist in the wider economy.
While infrastructure for example in the zones is superior and entities in the zones enjoy
huge tax exemptions, similar producers elsewhere in the economy have to grapple with
difficulties regarding issues like electricity, water, roads among others aside having to pay
exorbitant taxes in most EPZ countries. Such an arrangement is what does not make the
policy more impactful, thus the need for a broader and a more comprehensive opening up
of the whole economy to benefit all producers in all sectors.

Connected to this is the idea of sub-optimality attached to export processing zones. This is
similar to the pessimistic view of economists in which it is argued that EPZs are a sub-
optimal policy in the sense that it only confers advantages on a few while at the same time
distorting the allocation of limited resources (Engman et al., 2007). The advantages here
are the popular incentives to attract firms into the zones which make operators enjoy better
services compared to the rest of the economy. There is also a distortion in zone operation
since resources are directed to places where they may not be put to an optimal use. This
happens as a result of the belief held by governments that EPZ firms perform better than
non-EPZ firms. The argument here therefore is the need for a better policy for developing
countries that offers all producers equal opportunities through a proper agenda of a more
systematic and robust economy-wide liberalisation.

Again, there is also a negative view of export processing zones in relation to labour issues
(Cirera & Lakshman, 2017). This stems from the fact that in most EPZ countries, labour
codes in the zones differ from what exist in the rest of the domestic economy. This is why
a lot of national and international bodies especially the International Labour Organisation
fault EPZs because of poor treatment of workers. Some of these labour issues concern
working conditions, wages, health and safety of workers, unionisation, etc. With the
different labour laws in the zones which are mostly more flexible in most cases, employers
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usually engage the services of young women for their very dexterous nature which is more
suited to the generally repetitive work in the zones, and who also tend to be more
disciplined relative to their male counterparts and are often prepared to accept lower wages
without bothering about union issues (Cirera & Lakshman, 2017). These factors lead to
abuses in some zones where even basic conditions to promote the welfare of workers are
usually non-existent. It there comes as no surprise that most EPZs have a very high labour
turnover ranging from 5% to 10% per month (Cirera & Lakshman, 2017).

Theoretically, the existing literature on export processing zones has broadly been based on
three principal theories namely the neoclassical, new growth and cost-benefit theories.
Whereas the neoclassical theory by Hamada (1974) argues that the policy is a welfare-
reducing one when it comes to its effects on national development because it distorts
production from its factor-based comparative advantage, the new growth theory
(Johansson, 1994) on the other hand contends that the policy is actually welfare-increasing
due to the huge positive externalities associated with the foreign inflows attracted into the
zones. For its part, Warr's (1987) cost-benefit theory which rather calls for a painstaking
calculation of all costs and benefits associated with the EPZ policy to arrive at a bottom
line net present value for workers, government and society as a whole has rather produced
contrasting conclusions based on its empirical evaluations.

On the specific issue of unemployment too, the classical theory, the Keynesian theory and
structural theory have been used to underpin most studies. The classical theory of
unemployment which is also referred to as the natural or real-wage unemployment
postulates that unemployment occurs primarily as a result of employee real wage increment
since the labour market just like any proper economic market is influenced by the forces of
demand and supply (Solow, 1980). The Keynesian theory of unemployment which is also
sometimes called cyclical or deficient-demand unemployment argues that unemployment
occurs when people are not hired to produce goods and services because there is a lack of
effective demand for those goods and services. Finally, the structural theory of
unemployment says that unemployment occurs when there is a complete mismatch in terms
of the jobs available and the skills those who seek employment have.

On the empirical front, few studies have been conducted in various contexts to look at some
employment-related activities in the zones. These largely descriptive studies such as
Hancock (2006), Islam and Mukhtar (2011), Sawkut et al. (2009), Thuita and Oiye (2018)
and Vinod and Meerabai (2016) have however been conducted using firm-level data or at
best data from the level of the zones instead of overall data at the aggregate level for all
firms in all zones. They have also produced no unanimous conclusions on the potency of
the zones to deal with the issue of unemployment at the national level.

3. Methodology

The current study employs the nonlinear autoregressive distributed lag technique (Shin et
al., 2014) to analyse the effect of Ghana’s free zones in helping to reduce the menace of
unemployment. As an enhanced version of the symmetric autoregressive distributed lag
(ARDL) methodology, the NARDL is equally applicable on variables with different levels
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of integration (i.e. 1(0) and I(1) series), or variables that are only stationary after first
differencing (i.e. I(1)). The key difference however is rooted in NARDL’s ability to
incorporate asymmetries or nonlinearities in the dynamic relationship of the variables. It
does so by decomposing the explanatory variables into positive and negative shocks and
adding these shocks as individual input variables in the model (Shin et al., 2014). The linear
functional form of our model is thus specified as follows:

UNM, = f(INV,, EPX,, RGP, POG, DMW,) (1)

where UNM is the national unemployment rate, /NV and EPX are the free zones investment
and export growth rates respectively and RGP, POG and DMW are our included
endogenous variables known to impact unemployment, where RGP is the GDP growth rate,
POG is the population growth rate and DMW is growth rate in daily minimum wage.

Converting the above linear function into a nonlinear one with the decomposition of our
key EPZ variables into their positive and negative shocks gives us the following equation:

UNM, = f(INV},INV.,EPX;,EPX; , RGP, POG,, DMW,) (2)

Therefore, in line with Saleem et al. (2023), and following the original work of Shin et al.
(2014), we specify the functional form of the NARDL model as follows:

AUNM, = f; + ¥P_ ay;AUNM,_; + 320 ok AINV,E + X922 6L ANV +

NI SEAEPX}  + XS SLAEPX; + X015y ARGP,_; + X1 W, APOG,_; +
I MiDADMW,_; + pUNM;_1 + @, INVE | + @ INV, + 9 EPXF | +

©14EPX;_1 + @15RGPe_1 + ¢16POGt_1 + @17 DMW,_y + iy (3)
where a;, 6, 07, 8;7, 87, v;, W; and A; are the NARDL short-run coefficients and p and
the ¢'s represent the long-run coefficients. 8 is the constant term, t stands for the time
dimension, u is the idiosyncratic error term, p and q respectively are the lag lengths for the
regressand and the regressors and A is the difference operator. It must be made clear that 1
is used across equation (3) to differentiate the NARDL equation from the subsequent error
correction model (ECM) which has been given the number 2, thus in equation (3) for
instance, q11 means the first ¢ in the first equation and q12 is the second ¢ in the first
equation etc.

In estimating NARDL, both long and short-run equilibrium relationships could be
investigated based on Bounds test which is actually a joint test of all lagged one-period
levels of positive as well as negative shocks together with all other explanatory variables
and the explained variable. The null hypothesis of the NARDL model is an F-fest and is
indicated below:

Hy:p=¢f =97 =93 = @5 + 95 =96 = 97 =0

As per Shin et al. (2014), if the calculated F-statistic is above the upper bound critical
value, the null is rejected, meaning that the series are cointegrated in the presence of
asymmetry. With this, we move on to estimate asymmetric error correction model as
follows:
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i=0
?:23 A2iADMW,_; + QECT; 1 + i 4)

where ECT;_; is the error correction term and its coefficient (@) is the speed of adjustment.

The NARDL long-run asymmetric coefficients are calculated by dividing the negative of
the coefficient value of each positive shock (or increase) by the coefficient of the dependent
variable, and also the negative of the coefficient value of each negative shock (or decrease)
by the coefficient of the dependent variable. Thus, with cointegration based on the Bounds
test, Wald test is done to verify whether the difference in the asymmetric coefficients is
statistically significant, and this is shown below (Shin et al., 2014):

o+ = o+ =

HO: P11 _ ZP12 or P13 _ “P1s4
p p p p

4+ = o+ -

HA: P11 + P12 or P13 + Pis
p p p p

From the above, if the null hypothesis is rejected, it suggests that there is long-run
asymmetry. As stated in Shin et al. (2014), the Wald test for short-run asymmetry also
follows similar conclusion and its null hypothesis is highlighted below:

q q

Hy: Z o =Z o
i=1 i=1
q q

Hy: Z 5F = Z 5;
i=1 i=1

As part of the NARDL estimation, there is also the issue of dynamic multiplier graph. This
graph reveals how the dependent variable changes to its new long-term equilibrium path as
aresult of a shock in the independent variable (Shin et al., 2014). This is represented below:
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This study uses quarterly data from 1998Q1 to 2024Q4. The free zones data come from the
Ghana Free Zones Authority, with the remaining ones being sourced from the World
Bank’s World Economic Indicators as well as the International Labour Organisation and
Ghana’s employment ministry.
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4, Findings

The summary statistics for the paper are presented in Table 1 below:

Table 1. Summary statistics

Unemploy. Positive Negative Positive Negative Real Pop. Daily
rate shocks in shocks in shocks shocks in GDP growth min.
(UNM) EPZ EPZ in EPZ EPZ growth rate growth
investment | investment export export rate (POG) rate
growth rate | growthrate | growth growth (RGP) (DMW)
(INV*) (INV™) rate rate
(EPX*) | (EPX))
Mean 5.40 14.19 -13.72 5.79 -5.98 549 2.38 19.78
Maximum 10.53 305.25 0.00 131.55 0.00 14.47 276 47.03
Minimum 1.99 0.00 -301.91 0.00 -106.78 0.10 1.88 5.60
Std. dev. 237 41.37 40.75 15.82 14.28 272 0.26 10.02
Probability 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00
Observations 108 108 108 108 108 108 108 108

Source: Author’s calculation from EViews.

The summary statistics in the above table indicate that our dependent variable which is
Ghana’s unemployment rate has averagely hovered around 5.40% between 1998 and 2024,
reaching a high of 10.53% and a low of 2%. For our export processing zones variables,
broken down into their positive and negative changes or shocks, the free zones investment
witnessed a mean of 14.20% in its positive shocks with the negative shocks averaging -
13.72% in their growth rates. The respective maximum values for the positive and negative
shocks or increases and decreases have been 305.25% and 0.00%, and the minimum values
for the same period have been 0.00% and -302% respectively. Regarding the free zones
export variable, it witnessed an average figure of 5.79% in its positive shocks, with a
maximum value of 131.55% and a minimum of 0.00% whilst the negative shocks recorded
a mean growth rate of -6%, with 0.00% and -106.78% respectively being the maximum
and minimum values.

Turning to the other variables included in the study known to affect the target variable,
Ghana’s real GDP growth rate for the study period recorded a mean figure of 5.49%, with
14.47% being its highest figure and 0.10% the lowest. Also, the country’s population
growth rate averaged 2.38%, recording 2.76% as its highest figure, with a minimum of
1.88%. Finally, the national daily minimum wage grew at 19.78% on average and it saw
its highest recorded figure being 47% with 5.60% being its minimum value.

Table 2. Correlation matrix

UNM INV EPX RGP POG DMW
UNM 1.0000
INV 0.2262** 1.0000
EPX 0.1971* 0.7869** 1.0000
RGP -0.2610* 0.0851 0.1225 1.0000
POG 0.6036** 0.2465™ 0.2574* 0.1894* 1.0000
DMW 0.8616*** 0.1210 0.1738" -0.0355 0.5474* 1.0000

*xx ** and * respectively show 1%, 5% and 10% levels of significance.
Source: Author’s calculation from Eviews 13.
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In Table 2 above, the correlation coefficients for the study variables are displayed. Apart
from the real GDP growth rate which relates negatively with the unemployment rate, all
the other variables are noted to have positive relationship with the target variable. In all
however, only population growth rate and growth rate in the daily minimum wage are
observed to have fairly strong association with the dependent variable.

Table 3. ADF unit root test

Variable Levels 1st difference
UNM -2.6964 -4.1729**
INV -7.3953***
EPX -6.3380***
RGP -4.0332+**
POG -0.8445 -2.1631*
DMW -2.0586 -3.1077*

*** %% and * indicate significance level at the 1%, 5% and 10% respectively.
Source: Author’s calculation from EViews 13.

Table 4. PP unit root test

Variable Levels 1st difference
UNM -1.3103 -4.1163***
INV -2.5176 -9.7420***
EPX -2.8356* -8.8582+**
RGP -2.6762* -6.0716***
POG -2.6861 -3.5113*
DMW -1.5236 -3.9301***

*** ** and * indicate significance level at the 1%, 5% and 10% respectively.
Source: Author’s calculation from EViews 13.

Table 5. Z4 breakpoint unit root test

Variable Levels Break date 1st difference Break date
UNM -5.8551*** 2013Q1
INV -8.7625*** 2000Q4
EPX -7.2562*** 2012Q2
RGP -5.4089** 2013Q3
POG -5.4469** 2016Q1
DMW -3.6253 2023Q2 -5.26764** 2023Q1

**% %% and * indicate significance level at the 1%, 5% and 10% respectively.
Source: Author’s calculation from EViews 13.

Tables 3-5 above all report the results of the various unit root tests conducted to ascertain
the stationarity properties of the variables of study. All three tests are conducted to
neutralise the weaknesses in each other by the strength of the others, with the ADF regarded
as a good one due to the stability of its critical values (Dickey & Fuller, 1979) while the
Phillips-Perron unit root test is viewed to be robust in terms of its treatment of both the
autocorrelation and heteroscedasticity in the disturbance process of the test equation
(Phillips & Perron, 1986). The Zivot-Andrews unit root test on its part considers the issue
of structural breaks in which such breaks which are ignored by the other two tests are
treated endogenously (Zivot & Andrews, 1990).

From the test statistics in the tables, whereas all the variables are stationary only after first
differencing (i.e. I(1)) under the PP unit root test, in terms of the ADF one, the free zones
variables and real GDP are stationary at levels (i.e. I(0)) with the remaining series
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integrated of the first order. Also, regarding the ZA stationarity test results, only the
minimum wage variable is I(1) with all the others being I(0). From the foregoing, the
selected NARDL technique is thus appropriate as it is able to accommodate variables of
different levels of integration or pure I(1) series, if only none of them is I(2).

Table 6. Lag selection results

Ghana
Lag LogL LR FPE AIC SC HQ
0 -1841.6445 NA 1.09e+08 35.53162 35.68419 35.59343
1 -950.5722 1662.193 7.860787 19.08793 20.15585 19.52057
2 -770.8720 314.4752* 0.499118* 16.32446* 18.30776* 17.12795*
3 -743.2178 45.20403 0.596060 16.48496 19.38362 17.65929
4 -727.9084 23.25849 0.916827 16.88285 20.69688 18.42803

* indicates the lag length selected by a particular criterion
Source: Author’s calculation from EViews 13.

Results from the lag selection based on the various selection criteria are captured in Table
6 with lag 2 being chosen as the maximum lag. Thus, to obtain more robust results that are
diagnostically meaningful, lag 2 was assigned to the dependent variable whilst lag 1 was
given to the explanatory variables.

Table 7. NARDL Bounds cointegration test

F-statistic: 4.1441

Critical values
Significance level 1(0) 1(1)
1% 2.96 4.26
5% 2.32 3.50
10% 2.03 3.13

Source: Author’s calculation from EViews 13.

As part of the NARDL estimation, it is crucial to verify if there is long-run equilibrium
relationship among the variables. This is done by the use of the Bounds test for
cointegration whose null hypothesis states that there is no cointegration. This is an F-
statistic test in which the null is rejected when the test statistic is greater than the I(1) critical
value at the appropriate level of significance. From the table, based on the conventional 5%
significance level, the calculated F-statistic is more than the I(1) critical value, thus the null
hypothesis is rejected, an indication of the fact that there is asymmetric cointegration.

Table 8. Model diagnostic checks

Test Statistic Probability
Serial correlation 0.587560 0.5578
Heteroscedasticity 2.443378 0.0580
Functional form 1.370409 0.2593

Source: Author’s calculation from EViews 13.

Table 8 shows the results for the various diagnostic tests conducted as part of the study’s
analysis, namely the Breusch-Godfrey Serial Correlation LM test, the Breusch-Pagan-
Godfrey heteroscedasticity test and the Ramsey functional form test. The null for both the
serial correlation and heteroscedasticity tests is that there is the absence of serial correlation
and heteroscedasticity in the model. From the above table, the reported test statistics have
p-values of more than 5%, and hence we reject the null hypotheses and conclude that there
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is no problem of serial correlation and also that the model is homoscedastic. Similarly, for
the Ramsey functional form also, based on the p-value of the test statistic, the conclusion
is that the selected model is well-specified.

Figure 1. Model stability test
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Source: Author’s construction from EViews 13.

The cumulative sum (CUSUM) graph in Figure 1 above demonstrates the dynamic stability
of the model of study, and with the blue line falling strictly within the 5% red boundary,
the model is said to be very much stable dynamically.

Table 9. Asymmetric error correction model estimates

Variable | Coefficient | Std. error t-stat
Long-run estimates
UNM(-1) -0.0967** 0.0219 -4.4213
INV* -0.0010** 0.0004 -2.3526
INV—(-1) -0.0001 0.0004 -0.3255
EPX* -0.0025** 0.0010 -2.4128
EPX(-1) 0.0021* 0.0012 1.7586
RGP(-1) -0.0331* 0.0093 -3.5563
POG(-1) -0.4427* 0.1863 -2.3767
DMW(-1) -0.0012 0.0055 -0.2226
Short-run estimates
D(UNM(-1)) 0.4999** 0.0600 8.3360
D(INV ™) 0.0019** 0.0009 21751
D(EPX") -0.0039 0.0025 1.5945
D(RGP) -0.0642** 0.0143 -4.4878
D(POG) -5.8181** 1.2344 -4.7135
D(DMW) 0.0214** 0.0105 2.0353
C 24482 0.4151 5.8983
ECT;_4 -0.0967** 0.0162 -5.9752

R-squared: 0.7534
F-statistic: 42.7698
Prob. (F-statistic): 0.0000

**% ** and * indicate significance level at the 1%, 5% and 10% respectively.
Source: Author’s calculation from EViews 13.
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In Table 7, it was proven that there is cointegration for the selected variables and thus Table
9 reports the estimates from the asymmetric error correction model. In the table, aside the
results for both the long and short-run dynamics of the model, there is also the error
correction term with its coefficient being the speed of adjustment which carries the right
negative sign and is also statistically significant. The negative and statistically significant
ECT indicates that there is long-run convergence in the model even after a short-run shock
has occurred. Specifically 9.67% of departures from equilibrium are corrected each period.
It also means that in the long-run, all the included independent variables Granger-cause the
dependent variable.

Turning to the long-run estimates and to the key explanatory variables of the study, both
free zones investment and export are observed to have some effect on the unemployment
rate in Ghana. In specific terms, increases or positive shocks in EPZ investment have
negative impact on the unemployment rate and positive changes in the export variable also
affect the rate of unemployment negatively. By way of magnitude, a unit increase in free
zones investment reduces the unemployment rate by 0.0010 units and a unit increase in
export reduces unemployment by 0.0025 units in Ghana.

Both results turn out to be good and are largely in line with the general empirical literature.
First, these studies agree to the significant impact of investment on unemployment at the
aggregate level with more investment said to bring about a reduction in the rate of
unemployment (Ali & Zulfigar, 2018; Karimov, 2024; Okoli & Okeke, 2024). So for
Ghana’s free zones, more investment in the zones means that more capital is being attracted
into the zones with more hands needed to work on the capital. Secondly, most zone
operators actually rely on the domestic market to source their inputs, with more investments
calling for the production of more of such inputs, and hence the need for more people to be
employed. This buttresses the new growth theory of export processing zones which argues
in favour of the establishment of EPZs due to the positive externalities associated
particularly with the investments into the zones especially the creation of employment
(Johansson, 1994).

On the other hand, in terms of the EPZ export, more of it leading to less unemployment
means that as the firms in the zones undertake more exports, the unemployment rate comes
down. This also finds support in aggregate studies such as Hendrasto et al. (2023) and
Ugarte and Olarreaga (2021) which have called for the enhancement of the export sector
of countries since an upsurge in exports reduces unemployment. For the EPZ sector, the
main goal is actually to increase the volume of exports of the implementing nation
(Fatemah & Qayyuma, 2018). Thus, with exports going up in both quality and quantity to
meet international standards, more people get employed and hence there is a reduction in
the rate of unemployment in the domestic economy.

Still on the long-run results, both real GDP growth rate and population growth rate are
observed to have negative effect on the unemployment rate, in which a unit increase in
GDP growth rate reduces the unemployment rate by 0.0331 units, with a unit increase in
the population growth rate causing a 0.4427 units decrease in the unemployment rate. For
the GDP variable, this aligns with the existing literature including Amor (2023), Haider et
al. (2023) and Sit (2024), with more economic growth noted to cause a reduction in the
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general levels of unemployment — buttressing the well-established Okun’s law (Okun,
1962). This is because an expansion in the economy means more goods and services being
produced, of which in the case of a developing country like Ghana, such production
activities are mostly undertaken by the cheap labour force by way of labour-intensive
production. Relative to the population growth variable, although it runs counter to the
conventional economic studies such as Anam and Amin (2024) and Umoh (2025) which
say an increase in the rate of population growth leads to more unemployment, it however
finds support in papers such as Bloom and Mckenna (2015) and Vilakati et al. (2024) which
have contended otherwise. This could be attributed to the fact that inasmuch as more
labourers become available, most of them find employment albeit in menial and not too
lucrative jobs, with also, increasing population widening demand for goods and services,
thus creating fresh job opportunities.

Regarding the short-run estimates, free zones investment is the only EPZ variable seen to
impact unemployment through its negative shocks. Specifically, a unit decrease (negative
shock) in EPZ investment increases the unemployment rate by 0.0019 units. This result is
very much in line with the earlier one observed under the long-run estimates, whereby when
investment in the zones go down, people become unemployed, and this brings to light the
critical role of export processing zones in dealing with the problem of unemployment.
Similarly, both short-run real GDP growth rate and population growth rate affect
unemployment negatively, with a unit increase in both bringing about a 0.0642 and 5.8181
units decrease in unemployment respectively, in line with the observation under the long-
run estimates. Finally, the growth rate in the daily minimum wage also leads to an increase
in the unemployment rate, with a unit increase in the minimum wage variable causing a
0.0214 units increase in the unemployment rate. This is supported by Abraham and
Kearney (2020), Doh et al. (2024) and Ramos-Herrera (2023). This may be explained in
line with the classical theory of unemployment where an enhancement in the minimum
wage increases the cost of production leading more businesses to hire less people.

Table 10: Results of test of asymmet

Long-run asymmetry INV 4.3022*
EPX 71733

Short-run asymmetry INV -
EPX

Source: Author’s calculation from EViews 13.

Table 10 presents results of both long and short-run tests of asymmetry. Whereas the long-
run test is based on Chi-square distribution, the short-run test is an F-statistic. In both cases,
the null hypothesis is that there is no asymmetry, whether long or short. From the table, in
terms of the long-run results, both free zones investment and export are observed to have
asymmetric effects on the unemployment rate as their respective p-values are less than 5%.
This means that in the long-term, the magnitude of the impact of the two free zones
variables regarding their positive and negative shocks on the target variable is dissimilar.
However, similar conclusions cannot be drawn in respect of the short-run asymmetry which
did not produce meaningful results based on its additive sum approach from stepwise
regression.
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Figure 2. Dynamic multiplier graphs
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In line with Shin et al. (2014), the dynamic multiplier graphs are presented for the two free
zones variables in Figure 2 above. The graph shows how the explained variable adjusts to
its new long-run equilibrium position following a change in the explanatory variable. On
the horizontal axis of this graph is the dimension of time while the vertical axis highlights
the various shocks experienced by the various variables. The deep broken red line is the
asymmetry plot reflecting the change in the dynamic multipliers of positive and negative
shocks and is in the 95% confidence interval represented by the upper and lower bands of
the light broken red lines. Again, the continuous black line is the positive shocks whilst the
broken black line is the negative shocks in the independent variable.

From the EPZ investment graph, both positive and negative shocks in that variable are
observed to impact unemployment positively, although in the short-run, the effect of the
negative shocks is rather negative. Overall however, the effect of the positive shocks
outweighs that of the negative shocks. In the export graph also, both positive and negative
changes in free zones export are seen to be having negative impact on the dependent
variable although in the initial stages, the negative shocks’ effect is positive.

5. Conclusion

Unemployment is a major socio-economic issue confronting many nations especially those
in the global south. This is because as both a local and national issue, it does not promote
progress, with the unemployed usually unable to contribute meaningfully to the
development agenda. To this end, most developing countries have embraced the concept
of export processing zones with the aim of attracting export-oriented firms to produce
goods and services, in the hope that by so doing, people may be employed. But the question
is whether this dream is being realised.

This paper has thus looked at the effect of the free zones concept in dealing with the issue
of unemployment by focusing on Ghana. EPZ investment and export are the two key
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measures of zone activities focused on in this study with quarterly data spanning the period
1998Q1-20240Q4 being used. The nonlinear autoregressive distributed lag methodology
was employed which showed clearly based on its Bounds test that there is cointegration
among the study variables, aside the presence of long-run asymmetry between the EPZ
variables and unemployment. The asymmetric error correction term also indicates that
there is a 9.67% convergence rate towards long-run equilibrium after a temporary shock in
the short-term, and this also shows that all the independent variables Granger-cause the
dependent variable.

On the empirical results, positive shocks in both free zones investment and export are
observed to have significant negative impact on the unemployment rate in Ghana in the
long-run. In the short-term also, reductions or negative shocks in the investment variable
have positive effect on the dependent variable. These results are very much in sync with
the general literature that contends that both investment and export help to reduce the
incidence of unemployment, thus highlighting the critical role of Ghana’s free zones in
combating unemployment.

For the included endogenous variables, both real GDP growth rate and population growth
rate also have both short and long-term negative effects on unemployment. Although the
GDP result resonates with the literature generally, the population one contradicts the
majority of the existing literature. This however could be attributed to the fact that an
expanding population may be getting employed but largely in menial and not-too-lucrative
jobs, with more labourers becoming available meaning cheaper labour. Also, the growth
rate in the daily minimum wage variable has a positive effect on unemployment in the
short-term and this is in agreement with the classical unemployment theory in which higher
wages likely lead to less people being hired by businesses.

From the findings of the study, it can safely be concluded that the free zones in Ghana are
helping both in the short and long-runs to reduce the incidence of unemployment through
their investment and export activities. More effort should therefore be made by government
through the enhancement of the existing incentive regime to ensure the expansion of the
free zones programme especially in more deprived but resource-rich areas for firms to
produce more so as to employ more people. Businesses operating in the zones should also
transition into the production of higher quality goods requiring higher level skills and
through the process help more zone workers to become more skillful and technically adept.
Further studies should therefore consider the nature of the employment in the zones as part
of their analyses.
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1. Introduction

Besides offering superior level of studies, higher education systems must ensure they
produce well-prepared professionals for the labor market. At the same time, graduates must
be satisfied with their work in order to lead fulfilling lives, and, for that to happen, the
competences gained throughout the learning process must align with the fast-changing
work environments. The issue of integrating graduates into the labor market is a worldwide
concern for many countries and it still represents one of the academic areas that needs
ongoing research. This matter is also called ‘graduate employability’ and it drives higher
education institutions to be strongly innovative and to collaborate with employers and
organizations in order to develop the proper competences for an effective labor market
insertion (Abelha, et al., 2020). However, the same study suggests that even though
employers repeatedly let administrative institutions know about this problem, academics
remain in charge of the competences’ development process, without following ‘an
integrative institutional approach’ (Abelha, et al., 2020).

There are two sustainable development goals (SDGs) that aim for quality education
(SDG4) and decent work and economic growth (SDGS8). SDG4 proposes lifelong learning
for all the people in the world and calls for actions to reduce dropout rates, illiteracy and
enhance secondary school completion, while SDG8 promotes sustainable economic growth
through full employment, productivity and decent work (United Nations, 2025). In 2022,
reports showed that one in four young people were NEET (not in education, employment
or training), with young women being twice more affected by this situation than young
men, and around 2 billion workers around the world were working in ‘precarious informal
jobs’ without benefitting from social protection (United Nations, 2025). In Romania, the
unemployment rate recorded in December 2024 was 5.4%, only 0.1 percentage point lower
than it was in November 2024, and it has stayed quite the same from 2021 (5.4%), with
slight changes in 2022 and 2023 (5.6%) (Statista, 2025). However, the unemployment rate
is higher among the 15-24 years old segment, with a value of 23.2%, as registered during
April to June 2024 (INS, 2025). By 2030, there will be a need of more than 600000
employees for highly qualified jobs in IT, health or legal, according to the National Institute
for Scientific Research in the Field of Work and Social Protection (CES Bucharest, 2025).
Thus, the importance of higher education in shaping future professionals for the needs of
the labor market can easily be drawn to attention. At the same time, statistics on the
Romanian labor point to the fact that the sectors facing the highest vacancy rates are social
work and health sectors, education, entertainment and recreation, arts, public
administration and defense, compulsory social security, and administrative and support
services (EURES, 2025).

Unfortunately, early school dropout is very common in Romania, and more than 15% of
young people aged 18-24 have completed only lower secondary education or even less and
no longer participate in any type of education or training, this aspect ranking Romania as
the EU country with the highest rate of early dropouts (European Commission, 2025).
Workers who have not completed an upper secondary stage of education face difficult labor
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contexts in Romania, and this can be seen in the employment rates for 25-34 year-olds:
only 48% of such people without upper secondary education have a job, while 79% of
people with ‘upper secondary or post-secondary non-tertiary qualifications’ are employed
(OECD, 2024). The OECD averages in this case are 61% and 79%. When it comes to
tertiary education, the gap is wider between women and men: 54% women aged 25-34 in
all OECD member states graduate a tertiary qualification, while 41% men do so, and, in
Romania, there is a 26% rate of tertiary educational attainment for women and 19% rate
for men (OECD, 2024). However, the situation is reversed in the labor market. Women
may outperform men in education, but they struggle more in the labor market, especially if
they have only completed below upper secondary educational levels: 30% of young women
are employed and 65% of young men are employed in this case (OECD, 2024). On the
other hand, by looking at the numbers for tertiary education attainment in Romania, 86%
of young women and 93% of young men have a job, but the wage gap is not compensated
by the tertiary qualifications, as women earn approximately 88% of the salary their fellow
men do, 83% being the average proportion at the OECD level (OECD, 2024). The same
report from OECD (2024) highlights that Romania has seen a massive increase in tertiary
attainment ‘over just one generation’, and that educational attainment in young people is
considerably impacted by the parents’ education: 90% of 25-64 year-olds have graduated
from a tertiary education level when at least one of their parents attained tertiary education
(OECD, 2024).

The intersection of educational attainment and labor market is prone to result in mismatches
due to major differences between what is taught and gained in school in terms of skills and
competences and what is actually useful for the work-force of a country in terms of
available jobs. Romania is managing the issue of mismatches a bit better than the OECD
average, as in 22% employees work in jobs not matching their educational skill level, in
comparison with 35%, respectively (OECD, 2024). In Romania, the division between low
skills and high skills is traced down among activity sectors, as follows: people who have
low skills work in ‘sales and services’, people who have medium skills work as ‘clerks,
craft workers, plant and machine operators and assemblers’ and people who are highly-
skilled work in ‘managerial, professional, technical and associated professional
occupations’ (OECD, 2024). This distribution is spread across regions in the country and,
while the West, South West Oltenia, South East, South-Muntenia, North East average
around 24% share of jobs for the highly-skilled, the region of Bucharest-Ilfov stands out
with a 49% share (OECD, 2024). The share of under-skilled workers in Romania is 18%,
compared to 19% in OECD regions, and the share of over-skilled workers in Romania is
4%, compared to 16% in OECD regions (OECD, 2024). As described in this report, ‘over-
skilled’ refers to having a higher educational skill level than your job, while ‘under-skilled’
is related to working in a job for which you have less skills than necessary. These are just
some examples of mismatches between the Romanian education systems and the job
market and more of them will be explored in this systematic review using PRISMA
methodology, with focus on higher education institutions.
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This paper has the sole purpose of digging deeper into the topic of labor market insertion
for higher education graduates, as it is of great importance to find out the exact situation
there is in Romania. With the means of a systematic literature review, patterns and trends
in the academic research can be traced and recommendations for future research and
solution implementation methods are more likely to be found. In doing so, through constant
research and cooperation with eligible institutions and the business sector, the Romanian
higher education system will become better at creating suitable curricula for labor market
requirements, and, in this way, Romania may also become better at achieving SDG4 and
SDGS until 2030. This topic will certainly need to be researched constantly, due to the fact
that the labor market changes in the span of a few years, and the education systems must
adapt accordingly at the same pace. Therefore, the objectives of my research are to find out
how often the labor market has changed in the last years, what higher education institutions
did to adapt to those changes, what the collaborations between universities and businesses
look like, what the main mismatches are and how they can be overcome, what
methodologies were used in research by other authors concerning the Romanian context of
education and labor, and what future recommendations for potential research there are.

In other words, the scope of this systematic literature review is to explore the following

research questions:

1) What kinds of mismatches between the Romanian higher education system and the labor
market needs are identified in the current literature?

2) What contributes to the existence of gaps between the university curricula and
employers’ demands in Romania?

3) How can the higher education system in Romania respond to the changes and
requirements of the dynamic labor market?

A well-detailed set of the research steps for collecting the data and analyzing it will be
described and explained in the Methodology section.

2. Methodology

This systematic literature review was conducted following the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) methodology. The PRISMA
method is based on a set of items included in a checklist which contains objectives,
information sources, eligibility criteria, search strategy, selection process, data collection
process, the flow diagram, results and discussions. The standard PRISMA method has its
roots in healthcare research and adopts a very rigorous research approach for reporting
studies by following a specific checklist of items in order to reduce the frequency of
publication biases (Moher, et al., 2010). Such analyses use a strict protocol for data
selection, with inclusion and exclusion criteria, for a better bigger picture of the current
state of research, and for easy replicability of studies (University of Leicester, 2025). This
study is a qualitative one, focusing only on drafting the systematic literature review. For
this paper, the review protocol will further explain the criteria for paper selection, the
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strategy for searching the papers, how the data was extracted, and the procedures of data
analysis.

2.1. Data Sourcing Strategies

The database of articles chosen for this research was derived from three well-known and
reliable academic databases: Web of Science (WoS), Scopus and ProQuest. Before
deciding on the proper mix of keywords to search by, several combinations were tried, and
it turned out that the mix of “Romanian higher education system” and “Romanian labor
market”, using the Boolean “AND”, returned the largest number of published papers, an
aspect which helped at screening a variety of works. When opting only for Romanian and
English languages and filtering the last ten years, from 2015 to 2024, the database Web of
Science returned, in the first phase, 54 results, Scopus returned 14 results, and even though
ProQuest was richer in results, with a number of 1886 sources, after a scan of them was
performed, only 4 were accurate for the topic. There were no available publications for the
current year 2025. The span of ten years was chosen on the idea that, with the beginning of
the former President’s project called “Educated Romania” in 2016, the education systems
in Romania started to change, while the labor market has certainly faced major
transformations since then. Even though it turned out to be poor literature on exactly the
topic of mismatches between the Romanian higher education system and the labor market
dynamics, I decided to stick to that mix of search keywords so as to be able to have a
broader look on what has been researched so far and to identify gaps for potential future
research. Data extraction took place in April 2025.

2.2. Eligibility Criteria

Regarding the inclusion and exclusion criteria, besides the preferred languages Romanian
and English, and the years 2015-2024, both qualitative and quantitative studies were
included, written by both domestic and foreign authors, and only studies concerning
Romania, or comparative studies including our country, were considered fit for this
research. Nonetheless, the academic databases contained only papers written in the English
language.

2.3. Selecting the Papers

In the first phase, the selected papers were checked by their titles and abstracts, by making
sure they are related to the topic. There were 26 papers removed from Web of Science, in
the first instance, as the titles and abstracts did not match the topic, and 7 papers removed
from Scopus, after checking the double articles, as well. The second phase consisted in
finding the full text versions of the papers, which led to other 12 papers removed from Web
of Science, and 5 removed from Scopus, because there was no free access available for
them, resulting in 14 eligible papers from Web of Science, and 2 articles from Scopus. As
for the ProQuest database, because the initial results did not really correspond to this
study’s requirements, only 4 papers were chosen. After reading all of the papers entirely
for the quality assessment phase, one source from Scopus was removed due to its mismatch
from the topic. Thus, the database for this research consists of 19 papers which are
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displayed in Table 1 from Annexes. A legend for the chosen database was developed, as
follows: the papers from Web of Science are named from W1 to W14, the paper from
Scopus is codified as S1, and the papers from ProQuest are named from P1 to P4, for a
more effective correspondence in the Results and Discussions section.

2.4. Flow Diagram

The flow diagram shown by Figure depicts the selection process of this paper’s database.
No automation tools were involved in conducting this research, only the critical analysis of
the author had weight in deciding what papers to include and exclude. The process was
quite difficult as the current literature on Romania’s case does not offer a great number of
proper articles or book chapters on mismatches between the higher education system and
the changing labor market. The number of returned papers from Web of Science and
Scopus was not high either, with the exception of ProQuest database which did not actually
offer papers on the topic, although the same combination of words was applied to it too.

Figure 1. Flow Diagram, Source: Author’s own research
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3. Results

Web of Science database returned 10 proceeding papers and 4 articles, which were chosen
for this study, categorized in areas of research such as Business, Educational Research,
Economics, Environmental Sciences, Environmental Studies, Management, Green
Sustainable Science Technology, Social Sciences Interdisciplinary, Business Finance and
Computer Science Information Systems. There is an average of 3 papers in 2015, 2017 and
2019, without a growing trend in sight yet. On the other hand, Scopus database returned 3
conference papers, 2 book chapters and 1 article, but only 1 book chapter was chosen for
this study. As for ProQuest database, all of the four selected papers are journal articles. Out
of the 19 papers in the database, 12 follow a qualitative methodology and 7 follow a
quantitative one.

4. Discussions

The limited number of papers on this topic in Romania complicated the research process a
bit, as not all of them answer entirely to the proposed research questions. However, where
needed, supplementary data was added to support the objectives of this study.

RQ1: What kinds of mismatches between the Romanian higher education system and the
labor market needs are identified in the current literature?

W1 outlines some issues the higher education system encountered on its path to
digitalization, an issue which spurred with the dawn of the COVID-19 pandemic. This
paper (W1) applied qualitative research with the means of a case study and document
analysis approach and by constructing a D-VUCAD analysis. It shows how the Romanian
higher education system is volatile in terms of a low rate of tertiary education attainment,
especially in young people, high numbers for dropouts, migration to foreign countries and
limited participation to courses. Moreover, in the case of Vocational Education and
Training (VET) students and graduates, mismatches occur because of a “low utilization of
work-based learning opportunities”, which leads to unemployment for the ones in this area
(Tanasciuc, 2024). Furthermore, in our country, overeducation is a result of the surplus of
higher educated labor supply because of the rigidity of the institutional arrangements, as
concluded by source W3. There are too many tertiary graduates who face unemployment,
and institutional arrangements certainly need improvement (Pana & Fanea-Ivanovici,
2019). The long period transitions from school to work are faced by Eastern European
youths, as per source W9, and solutions to this problem must be found (Serban & Istrate,
2017).

RQ2: What contributes to the existence of gaps between the university curricula and
employers’ demands in Romania?

W1 follows qualitative analysis, with the means of case studies and documents through a
D-VUCAD perspective, and suggests the fact that higher education institutions have to go
through “complex regulatory environments, accreditation standards, and compliance
requirements amid digital transformations”, and all actors — students, administrators,
policymakers contribute to the complex decision-making stage (Tanasciuc, 2024). In spite
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of their higher levels of education, persons aged between 15 and 24 years old feel the
burden of the school-to work transition, and, unfortunately, most of them end up being not
in employment, education, or training (NEET), as the source W2 (quantitative analysis)
suggests. This issue derives mainly from the fact that even though labor markets have
become more complex because of the pressure of technology, globalization and
digitalization, the education systems tend to stagnate and keep old and outdated school
programs. Romania, together with Bulgaria and Italy, share the highest levels of NEETs in
the EU countries. Of course, this fact also reflects other aspects such as attitude regarding
school and work, motivation and how urbanized the students’ macro-regions of residence
are. Nonetheless, there is still not enough data regarding the NEETS (Caroleo, et al., 2022).
One aspect which may contribute to turbulences in the academic process and is not so
obvious in the first instance is the quality of the teaching staff. Paper W7 tackles this matter,
in a quantitative analysis, and emphasizes that the development of the educational process
depends a lot on how well prepared the teaching staff of an educational institution is, as the
level of preparedness further dictates the quality and efficiency of the system. This study
also states that Romania assigns a low percentage out of its GDP to education and, at the
same time, the private sector does not contribute financially as much as it could in order to
close the gap. Thus, educational investments have an impact on professors as well, and it
is of great importance that educational institutions invest in the continuous lifelong learning
of their professors (Matei, et al., 2017). The main issues in Romania in 2017 referred to the
lack of strong relationships between firms and the academic environment, as per source
W9. This leads to graduates who do not manage to find a suitable job according to their
level of education, resulting in an increase in the “undereducation” phenomenon, and who
put pressure on those without a university diploma (Serban & Istrate, 2017). Another aspect
that interferes with the alignment of universities’ curricula to the labor market is, as study
W10 shows, represented by too many changes in the structure of higher education
institutions’ management. A way of tackling this could be investing in training both
managers and professors through continuous courses where they can acquire knowledge
on the latest didactic practices and the use of technology and information for modernizing
the education system (Mergeani, 2016). Insufficient financing from the State budget in the
higher education system cannot ensure quality in the university system, so reforms are
needed all the time, as W12 highlights (Manta, et al., 2015).

RQ3: How can the higher education system in Romania respond to the changes and
requirements of the dynamic labor market?

Before embarking on aligning the education system with the labor market, W1 highlights
the importance of fighting against the inequalities in the higher education access regarding
different socio-economic classes and educational quality. Besides that, in response to the
mentioned issues, the integration of dual education within universities would be a good
step for enhancing academic standards, as in this way partnerships with the business sector
will be fostered, and students’ academic chances would be improved by short-cycle and
double specialization programs. Improving the digital infrastructure in universities is
crucial, well-equipped labs are a must, as well as curriculum revision. Among the solutions,
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the paper mentions the importance of “adult career guidance systems, implementing the
national second chance program for upper secondary school students, and reskilling over
32,000 persons affected by the transition to a climate-neutral economy” (Tanasciuc, 2024).
W1 discusses about the Vocational Education and Training (VET) and mentions the
development of a skill forecasting model so as to match the VET provision with the actual
economic needs, a mechanism which is being developed with the help of the project called
“ESF-funded ReConnect” (Tanasciuc, 2024). The higher education systems should refrain
from increasing the number of students — they should rather adapt curricula to the market
dynamics instead, and supply all of the graduates with quality education in order to reduce
the number of diplomas which cannot help in finding a job, as per W3 (qualitative analysis).
Thus, the labor market, business environment and education systems must “regulate each
other” to find the perfect balance, in terms of always being interconnected and working
together on finding out what skills are needed, the number of necessary graduates for the
market, and the proper wage rate for them (Pana & Fanea-Ivanovici, 2019). W4, through
quantitative PLS-SEM analysis based on a questionnaire, indicates the importance of
equipping higher education institutions with technology in order to improve the daily
activities of students and professors and to achieve a good environment for the academic
process, which can positively influence the transition to work for graduates. Besides that,
the content of the educational process must be revised by analyzing “the relevance of the
study disciplines”, and by orienting students towards sustainability matters. This can be
done by balancing the knowledge presented in the courses with study materials from the
seminars, by introducing more practical activities and by working on developing “critical
and interpretational abilities in students” (Gora, et al., 2019).

In a future attempt to overcome the problem of NEETs, paper W2 suggests that a constant
adaptation of school programs to the new skills which appear on the labor market can be
the only solution to reduce the time between graduation and finding a job for young people
aged 15-24 (Caroleo, et al., 2022). W4 also mentions how important it is for universities to
keep strong ties with the labor market and to redefine their disciplines and contents so as
to keep their educational offerings to high quality level (Gora, et al., 2019). Implementing
projects helping youth NEETs insert on the labor market is as vital as implementing
projects for higher education graduates, as W5 concludes. A flexible and labor-market
oriented curriculum should be based on a program reorganization by professions and
occupational groups for students. Moreover, even after graduation, it is important for
employees to take part in vocational training programs. And, as it is an issue presented in
most of the papers, investing in education and lifelong learning has to be financed through
structural funds (Simionescu & Naros, 2019).

Paper W6 follows a case study strategy and persists in the idea that the Romanian economy
has a chance in surviving and returning to normal if higher education is based on a
“National Qualifications Framework”. “EHEA Higher Education Area”, established by the
Ministers of Education during the Bologna Process, supports the creation of curricula on
competences and learning outcomes (Magdoiu & Rada, 2018). Because there is a need for
engineers with economic knowledge, technical universities should focus on
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multidisciplinary training for transversal skills acquiring. This qualitative research suggests
a set of exact competences, skills, and subjects to be taught in engineering classes, and
more studies in Romania should be conducted by higher education institutions by taking
this approach in order to draw feasible solutions for adapting their curricula to the economic
needs of Romania. Although source W8 does not reflect on the mismatches, it shows
through a qualitative secondary data analysis that Romanian professors, teachers and
students are successful abroad during mobility programs, so one proposal from here could
be that exchanges abroad and mobility chances are a good practice for sharing ideas, build
educational strategies and learn from other universities how to adapt the national curricula
to the labor market (Radu & Gogu, 2017). In order to mitigate the negative effects of
undereducation, more quality traineeships must be introduced, as well as more funded
programs developed for the young people’s insertion on the labor market, similar to the
“Jobs for Youth” initiative (W9). The same paper mentions the enhancing of the quality of
and an easier access to the vocational and technical education programs and building the
academic system on the lifelong learning concept (Serban & Istrate, 2017). Other solutions
presented in source W10 are the following: more professional counselors for guiding
students and future graduates in a suitable career path, continuous granting of Erasmus
scholarships through study exchanges, signing contracts with large companies for students’
career preparation and actual practical training must be present in all universities, alongside
volunteering activities (Mergeani, 2016). Direct exchange of feedback between universities
and private companies is crucial, as stated by paper W11, as it can incentivize students and
professors “to co-create value”, because they are the principal stakeholders, whilst the
beneficiary is the society and the employer (Oltean, et al., 2016). The Romanian
government should set as an objective the reconversion and retraining of employers, and
Erasmus projects should be based on skills acquiring activities, as per source W13 (Nen,
2015). The perpetual underfunding in education systems goes back to the post-communist
time and the higher education system in Romania has to remain of great importance to the
government (S1) (Zaharia, et al., 2024).

Paper W14 illustrates quantitative research based on a questionnaire addressed to students
from University of Polytechnics of Timisoara and University of Polytechnics of Bucharest,
and the results indicate that students feel more encouraged to learn in “a relaxing and
stimulating environment” (Todorescu, et al., 2015). So, maybe aside from the reforms and
money spending on higher education, it is essential for universities to create an environment
which stimulates creativity and innovation, an environment which partly resembles the
work environment, so that future graduates learn early what they signed up for. Paper P1
comes with several recommendations such as not only building subject-specific expertise
but to also cultivate transferable skills like critical thinking, effective communication, and
problem-solving. The same study implies that higher education institutions have to
prioritize these competencies by integrating active learning methods and supporting
extracurricular engagement. Moreover, the key partnerships between universities and
employers are the collaborations with the industry, and, in this way, employers can give
students firsthand experience in real-world settings and help them develop skills aligned
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with market needs. Strong career support services are as well needed and they include
counseling, job placement, and networking opportunities, while tracer studies, which
monitor graduates’ career paths over time, offer valuable insights into the long-term
effectiveness of higher education. Employer surveys and labor market indicators are of
great importance, as the first option provides direct input on the qualities and competencies
that companies expect from new hires, while the latter can help evaluate how well higher
education institutions are preparing students for successful careers, by looking at
employment rates and average salaries (Drugas & Tiba, 2024). Source P2 concludes that
there is need for further qualitative research in order to entirely grasp the university-to-
work transition in Romania, due to the frequent differences across specializations. For
instance, corporate social responsibility (CSR) jobs demand more soft skills, like social
competencies, motivated and adaptable outlook on work and job-specific competencies,
against hard ones (Gonzague, 2024). Ongoing professional development, high-quality
education, and the continuous acquisition of new skills by employees are essential for
maintaining a competitive workforce, as per source P3, and promoting a culture of lifelong
learning is key to personal and professional growth. The paper proposes solutions such as
increased investment in education and training, enhancing the quality of early childhood
education and care, as it lays a strong foundation for future learning and development,
expanding access through more tuition-free opportunities or student loan programs, and,
finally, implementing a Lifelong Learning Strategy, advancing the National Qualifications
Framework, updating the occupations classification, and reforming the adult education
legislation (Lut, 2018). As source P4 indicates, better employment prospects are in strong
ties with participation in one or more specialized internships during undergraduate studies.
During periods of economic uncertainty or crisis, graduates commonly pursue further
education as a way to delay entry into a challenging job market and to strengthen their
competitiveness. Thus, youth employment subsidy programs should be introduced and
funded to boost employment by offering financial incentives to both young graduates and
their employers. At last, developing career readiness should involve both job-specific
competencies, which can be gained through internships in collaboration with potential
employers (Baciu, 2022).

5. Conclusions

This paper sustains that there is a huge need for further research on the mismatches between
the Romanian higher education system and the actual dynamics of the labor market. At the
end of the day, education is the one thing that cannot be taken away from us. Human capital
contributes to economic growth and each country in this world has the responsibility to
invest in its people in order to stay competitive, create better life opportunities and improve
the quality of life overall. As important as tertiary education may be, all levels of education
need improvement, right from the early stages, as most of the learning patterns start from
there. In this way, students can better choose their university degrees according to their
preferences and what is sought after in the labor market. However, choosing a career path
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can be a difficult and, at times, a discouraging road for many graduates due to many
reasons. First of all, university-to-work transition can last longer than expected or it can
result in an unsatisfactory and improper job for many candidates. Mismatches like
overeducation or undereducation are some of the examples that can interfere with the
process of working in a suitable job. Second of all, frequent dissatisfactions with the chosen
domain of work make graduates question their tertiary education degrees. It was shown
throughout this systematic literature review where Romania stands when it comes to
tertiary education and skills mismatch and I can conclude that there is still need for
educational reforms that can redirect the higher education system on the path of labor
market alignment. Changing university curricula cannot happen overnight — this is a much
more complex process that universities should embark on if they want to provide the labor
market with qualified professionals. Universities must co-operate with the business sector
when developing educational programs and the business sector should create internship
facilities for future graduates to have a more practical approach to the theoretical
knowledge they gain during their studies.
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1. Introduction

Central banks strive to achieve various objectives such as price stability, financial stability
and economic growth through the monetary policies they implement. Central banks, whose
roles in financial markets have increased significantly, especially in the wake of recent
economic crises, have been quite effective in many areas, from determining asset prices to
investment and consumption decisions, through the policies they implement (Poyraz et al.,
2020). The policy decisions implemented by central banks to achieve their objectives affect
economic activity through various transmission mechanisms. The monetary transmission
channel is one of the most effective of these channels. In order for monetary policies to
have the expected effect on the economy and achieve their objectives, authorities must have
a complete assessment of the effects of the policies they implement on the economy. In this
assessment process, understanding how monetary policies affect the economy through
which channel is important in determining the policies to be implemented (Adanur-Aklan
and Nargelecekenler, 2008). The most traditional of the monetary transmission
mechanisms, the interest rate channel, is also referred to as the Keynesian standard
monetary transmission channel. Through this channel, the monetary authority changes the
marginal cost of borrowing, thereby influencing consumers' consumption decisions and
cash flows, as well as producers' investment and spending behaviour, and thus affecting
aggregate demand in the economy (Poyraz et al., 2020). In contrast, in the monetarist
approach, interest rates are assigned a more passive role in the transmission of monetary
policy to economic activity (Goodfriend and King, 1997).

Central banks have a dominant influence on money market conditions and thus steer money
market interest rates. Changes in money market interest rates affect longer-term market
interest rates and, to varying degrees, individual bank interest rates. Bank decisions
regarding returns on assets and liabilities affect the spending and investment behaviour of
depositors and borrowers and, consequently, real economic activity. In other words, the
faster and more complete transmission of official and market interest rates to retail bank
interest rates strengthens monetary policy transmission and can therefore affect price
stability. Additionally, the prices and margins set by banks affect bank profitability, the
soundness of the banking system, and ultimately financial stability (Bondt, 2005).

Understanding how monetary policy channels work is critical for central bankers to
calibrate their policy response functions and policy decisions. Ideally, the interest rate pass-
through should be fast, symmetric, and complete. However, in practice, this may not be the
case, and adjustments may be slow and incomplete due to various market frictions.
Furthermore, a common assumption in monetary policy models is that changes in policy
interest rates affect retail prices in a linear manner, regardless of whether they are positive
or negative. This may not necessarily be the case, and the transmission may be asymmetric;
the speed and magnitude of retail price adjustments may vary depending on whether the
policy impulse is positive or negative. In such cases, a linear definition may not be
appropriate, and the design of monetary policies may need to be based on a non-linear
asymmetric approach. These issues must be taken into account when formulating,
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implementing, and communicating policies (Galinda and Steiner, 2022). Based on this
idea, this study tests the hypothesis that the pass-through effect of the policy interest rate
announced by the Central Bank of Tiirkiye and the interest rate applied by banks to deposits
to the interest rate applied to loans may be asymmetric.

2. Theoretical Background

One of the most fundamental dynamics in economics is the impact of monetary policy on
financial markets and the real economy. At the heart of this impact lies the relationship
between the policy interest rate set by the central bank and the deposit and lending interest
rates applied by banks. This relationship operates through a complex mechanism known as
interest rate pass-through and is typically far from perfect or symmetrical; asymmetrical
interactions are often observed. These asymmetries directly affect the effectiveness of
monetary policy and its transmission to the economy.

2.1. Interest Rate Pass-Through: Definition and Mechanism

Interest rate pass-through refers to the extent and speed at which changes in the policy
interest rates set by the central bank are reflected in deposit and lending rates as a result of
banks' funding and lending activities. Central banks use the policy interest rate as a key
tool to achieve objectives such as fighting inflation, promoting economic growth, and
ensuring financial stability. The central bank's policy interest rate is typically a reference
point for short-term market interest rates, such as the overnight lending/borrowing rate or
the weekly repo rate. It directly affects the cost of borrowing from or depositing money
with the central bank for banks. This, in turn, shapes the short-term funding costs among
banks.

Deposit interest rates are the interest rates banks pay on deposits collected from households
and companies. Increases in the policy rate have the potential to increase banks' funding
costs, so banks may adjust deposit rates to attract deposits or retain existing deposits.
However, factors such as the maturity of deposits, liquidity preferences, and the level of
competition affect this impact.

Credit interest rates are the interest rates charged by banks on loans provided to households
and companies. Credit interest rates depend on many factors, including banks' funding
costs, credit risk premiums, operational costs, the level of competition, and the bank's profit
margin targets. Increases in policy interest rates tend to raise credit interest rates by
increasing banks' lending costs, while decreases have the opposite effect.

The effectiveness of monetary policy depends on the degree and speed of this pass-through.
If changes in the policy interest rate are quickly and fully reflected in bank interest rates,
monetary policy has a stronger impact on economic activity and inflation. Full pass-
through refers to an ideal situation where banks reflect all changes in their funding costs in
their interest rates.
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2.2. Asymmetric Interaction

Interest rate pass-through generally exhibits an asymmetric structure. This means that when

the central bank raises (tightening) or lowers (easing) its policy interest rate, the manner

and speed at which this is reflected in banks' deposit and lending rates differ. Common
asymmetric situations observed in the literature are as follows:

1. Downward Rigidity for Lending Rates: When the central bank lowers its policy rate,
banks are reluctant to lower their lending rates by the same amount or at the same pace.
In other words, even if banks' funding costs decrease, they tend not to immediately
lower their lending rates in order to maintain or increase their profit margins. This
situation can become particularly apparent in periods when market competition is low
or banks' risk perception is high.

2. Upward Rigidity for Deposit Rates: When the central bank raises its policy interest rate,
banks may not immediately raise their deposit interest rates by the same amount or at
the same pace. Banks may tend to raise interest rates more slowly and/or by a smaller
amount in order to keep their funding costs under control or to avoid the risk of losing
existing deposits.

3. Upward Flexibility for Lending Rates: When the central bank raises its policy rate,
banks tend to raise their lending rates more quickly and/or more fully.

4. Downward Flexibility for Deposit Rates: When the central bank lowers its policy rate,
banks tend to lower their deposit rates more quickly and/or more fully.

There are various theoretical explanations behind this asymmetry:

= Insufficient Competition and Market Power: The oligopolistic or monopolistic structure
of the banking sector gives banks market power. This power allows banks to set interest
rates in their favour, particularly in a way that increases their profit margins.

» Information Asymmetry: The detailed information banks have about their customers
enables them to better assess credit risk. This information advantage gives banks an
edge, particularly in determining credit interest rates.

= Menu Costs: The fact that adjusting interest rates (software updates, changing printed
materials, communication costs, etc.) has a certain cost may cause banks to avoid
making small interest rate changes frequently and instead make larger adjustments to
offset these costs.

= Customer Relations and Switching Costs: The high cost of customers switching banks
(opening new accounts, transferring existing payments, etc.) may cause banks to offer
less flexible interest rates to their existing customers. If customers are less inclined to
switch to another bank, banks may be able to manipulate interest rates more freely.

= Risk and Expectations: Banks may be inclined to raise credit interest rates more quickly
or refrain from lowering them in order to protect themselves in situations such as
economic uncertainty or a potential increase in credit risk. Expectations regarding future
policy interest rates may also affect current interest rate adjustments.

» Liquidity Management: Banks' liquidity needs and targets play a role in determining
interest rates. Especially during periods of liquidity shortages, banks may offer more
competitive interest rates to attract deposits while keeping lending rates higher.

Asymmetric pass-through can reduce the effectiveness of monetary policy. In particular,
during periods of easing (interest rate cuts), the slow decline in lending rates can slow
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efforts to stimulate investment and consumption. Similarly, during tightening (interest rate
hike) periods, deposit rates that do not rise sufficiently may fail to adequately encourage
savings. Therefore, central banks and regulatory authorities must understand these
asymmetries in the monetary transmission mechanism and take them into account in their
policy decisions.

3. Related Literature

One of the fundamental challenges faced by central banks in many countries, including
Tiirkiye, when designing and implementing monetary policy is understanding how
effectively changes in policy interest rates are reflected in financial markets and ultimately
in the real economy. This reflection process is known as interest rate pass-through and is
generally not complete or symmetrical; asymmetrical interactions are often observed. This
response will provide an evaluation of empirical studies addressing this issue both in the
international literature and specifically in the Turkish economy, highlighting leading
studies.

Interest rate pass-through and asymmetric interactions have a broad empirical literature in
central banking and financial economics. Most studies use advanced econometric
techniques such as threshold regression models, nonlinear autoregressive distributed lag
(NARDL) models, and regime-switching models. Borio and Fritz (1995) is one of the
pioneering studies examining the relationship between monetary policy and the bank credit
channel. Such early studies have shown that the heterogeneous structure of the banking
sector and market conditions affect interest rate pass-through. Mojon (2000) found that
interest rate pass-through in Eurozone countries can change over time and vary across
countries. This study highlights the complexity of the monetary transmission mechanism.
De Bondt (2005) again conducted a comprehensive study specific to the Eurozone,
showing that the transition of official interest rates to market interest rates is complete for
money market interest rates up to three months, but not complete for longer-term market
interest rates. Furthermore, he concludes that changes in market interest rates are reflected
in bank deposit and lending rates by up to 50% immediately, with the final reflection
generally close to 100%, particularly for lending rates.

There are also studies in the literature that focus on several key factors explaining the
causes of asymmetry. Many studies show that low competition in the banking sector
(oligopolistic structures) increases the market power of banks, leading them to be reluctant
to reflect interest rate cuts in lending rates. Researchers such as Hofmann and Mizen (2004)
have pointed out that the absence of perfect competition in the banking sector contributes
to asymmetric pass-through.

It has been argued that the private information banks hold about their customers could
cause asymmetry, particularly in small and medium-sized enterprise (SME) lending. When
banks establish long-term relationships with such customers, they may be more cautious in
setting interest rates (Sharpe, 1990). The managerial and operational costs (menu costs) of
changing interest rates may cause banks to avoid making frequent small changes and
instead make larger interest rate movements to offset these costs. The findings of Hofmann
and Mizen (2004) point that the initial estimates of the relationship between the level of
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each individual retail rate by type of product reveals complete pass-through to be the norm
in the long run for deposit rates but not for mortgage rates. The non- linear forms of
adjustment around these equilibria are consistent with menu cost models and may be of
greater significance at low rates of interest and inflation.

Risk and credit quality can also cause asymmetric pass-through in interest rates. The
severity of a financial crisis may have repercussions to markets and eventually contributes
to a marked slowdown in economic growth. As a result, banks become less willing to
provide loans (credit rationing) (Karagiannis et al., 2010). Especially during times of crisis
or economic uncertainty, banks may reflect interest rate increases more quickly while
reflecting interest rate cuts more slowly in order to price in increased credit risk (Aristei
and Gallo, 2014; Hristov et al., 2014).

The Turkish economy provides a rich ground for studies on interest rate pass-through and
asymmetric interaction due to its history of high inflation, volatile interest rates, and
dynamic banking sector structure. The Central Bank of the Republic of Tiirkiye (CBRT)
regularly analyses the effectiveness of the monetary transmission mechanism. Various
studies prepared within the CBRT (e.g., Inal, 2006; Binici et al., 2013, 2016; Cavusoglu,
2010) examine the dynamics of interest rate pass-through in Tiirkiye. These studies
generally show that changes in the policy interest rate are reflected in deposit and loan
interest rates at different speeds and rates. Studies such as Bulut (2020), Giiler (2021),
Salihoglu and Hepsag (2021) have shown that the pass-through from policy interest rates
to bank lending rates is incomplete in Tiirkiye and that this pass-through decreases further,
especially during crisis periods.

Many empirical studies specific to Tirkiye strongly support the existence of asymmetric
effects in interest rate pass-through. This asymmetry generally refers to the fact that policy
interest rate cuts are reflected in credit interest rates more weakly or with a greater delay
than policy interest rate increases. Caglarirmak-Uslu and Karahan (2016) have pointed out
that there is asymmetric pass-through between deposit and lending rates in Tiirkiye and
that this asymmetry may be related to banks' tendency to protect their profit margins. In
particular, they observed upward rigidity in credit interest rates during periods of reduction
and downward flexibility during periods of increase. Sekmen (2024) examined asymmetric
interest rate pass-through in the Turkish banking sector and concluded that credit interest
rates generally exhibited upward rigidity in the long term prior to the financial crisis, but
that this rigidity turned into downward and short-term rigidity in the post-financial crisis
period. This result implies that, prior to the crisis, banks adjusted credit interest rates more
slowly during monetary tightening periods, while their responses were faster during
monetary expansion periods.

3. Empirical Analysis
3.1. Method and Data

The non-linear ARDL (NARDL) approach developed by Shin et al. (2014) will be used to
investigate whether there is an asymmetric interaction in the transmission mechanism from
deposit and policy interest rates to lending rates. The NARDL approach is based on the
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principle of separating the positive and negative components of changes in the variable
under investigation from the linear (symmetric) ARDL model and testing the difference in
the coefficients related to these components.

The interest rate applied to 3-month deposits (DIR) was used as the deposit interest rate,
the interest rate applied to consumer loans (CLIR) was used as the loan interest rate, and
the one-week repo auction interest rate was used as the Central Bank policy interest rate
(PIR). The sample period covers the period from 12 December 2004 to 26 August 2022.
There are 911 observations consisting of weekly values. All data were compiled from
Electronic Data Delivery System of Central Bank of Republic of Tiirkiye (CBRT-EDDS).

3.2. Findings

Although the ARDL bounds test used for cointegration analysis allows for series to be
integrated to different degrees, the ADF and KPSS unit root tests were used to investigate
the integration degrees of the series in order to determine whether there were any second-
order integrated series. According to the test results given in Table 1, all variables are I(1).

Table 1. Unit-root tests results

ADF KPSS
Intercept Intercept + trend Intercept I'ltf:::gt
CLR (0213;&13% (02343%%3) 05495 | 05236
DIR (02142‘:3955; (023‘:35062(; 05913 | 0589
DIR* (01_55925{‘55) (Oog%%?) 35854 | 06706
DIR- (099%25%? (009941%5; 35045 | 03991
PIR (013%‘;88‘; (61_'688“31)1) 05955 | 0.5356
PIR* (0%%20132) (01836%422) 32731 | 06760
PR- (009233162‘; (62_'27219819; 34704 | 02838
ACLIR %5(2)1061‘; %5810112) 02515 | 0.0284
ADIR (3850717) (38?17) 01395 | 00326
ADR* <oon coon 05093 | 0.1481
ADIR- (33%817) (233038 02471 | 01961
PR oo ot 0.1249 | 00500
APR* ?3850513) ?33?1‘; 02333 | 00503
APR- (ﬁg‘% (:‘35071‘; 04112 | 041039

Note: The lag length in the ADF test was determined according to SIC. KPSS critical values: Intercept: 0.7390
(1%); 0.4630 (5%); 0.3470 (10%); Intercept + trend: 0.2160 (1%); 0.1460 (5%); 0.1190 (10%), the bandwidth
is determined according to the Newey-West method.
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As the first stage of the analysis, the relationship in question was investigated using the
symmetric ARDL method in order to make a comparison. Long-term coefficient estimates
and diagnostic statistics are presented in Table 2 below. According to the estimates, there
is a statistically significant relationship between deposit and policy interest rates and the
credit interest rate. The effect of the deposit interest rate is positive, as expected, while the
effect of the policy interest rate is negative. The F statistic calculated to determine the
existence of a cointegration relationship indicates a statistically significant long-term
relationship between the variables at the 5% level. Similarly, the estimated value of the
error correction term coefficient and its p-value indicate that short-term deviations from
the equilibrium relationship are being gradually eliminated. Diagnostic statistics also show
that there is no autocorrelation, heteroscedasticity, or specification error in the model.

Table 2. Estimation of linear (symmetrical) ARDL model

Coefficient St. error t-statistic p-value
Intercept 5.6646 1.8276 3.0994 <0.01
PIR -0.7216 0.2927 - 24649 0.0139
DIR 1.8063 0.3461 5.2191 <0.01
ECM -0.0356 0.0083 -4.3041 <0.01
Critical values %10:1(0) 1(1) %5:1(0) (1) %1:1(0) 1(1)
F-statistic 4.6060 263 3.35 310 3.87 413 5.00
Test Test statistic p-value
B-G 2 1.7621 0.4143 CUSUM Stable
B-P-G %2 14.1735 0.0774 CUSUM-Square Stable
RESET-LR 0.0325 0.8569

For the asymmetric ARDL model, changes in deposit and policy interest rates were first
separated into positive (increases) and negative (decreases) directions. According to the
estimates of the long-term form of the ARDL(4,3,2,3,2) model constructed with these
variables (Table 3), both the positive and negative components of the policy interest rate
have a negative effect on the credit interest rate. However, the effect of positive changes is
not significant. On the other hand, both positive and negative changes in the deposit interest
rate have a positive effect on the credit interest rate. At this point, it can be said that the
direction of the effect of increases in the policy interest rate (PIR") and decreases in the
deposit interest rate (DIR”) does not align with expectations.

As in the linear model, it is observed that the error correction mechanism works albeit
slowly in the non-linear model, and that there is no autocorrelation, heteroscedasticity, or
specification error in the model. The calculated F statistic indicates that there is a
significant long-term relationship between the variables at the 1% level. The CUSUM and
CUSUM-square tests indicate that the coefficients generally follow a stable trend over
time.

Table 3. Estimation of nonlinear (asymmetrical) ARDL model

Coefficient St. error t-statistic p-value
Intercept 22.2049 1.7367 12.7853 <0.01
PIR* -0.3512 0.2831 - 1.2405 0.2151
PIR - -1.3226 0.4642 —2.8488 <0.01
DIR* 1.4303 0.3325 4.3014 <0.01
DIR- 1.8614 0.3984 46714 <0.01
ECM -0.0396 0.0066 -6.0331 <0.01
Critical values %10:1(0)  1(1) %5:1(0) (1) %1:1(0) 1(1)
F-statistic 6.0324 220 3.09 256 349 329 437
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Coefficient St. error t-statistic p-value
Test Test statistic p-value
B-G y? 0.0184 0.9909 CUSUM Stable
B-P-G y? 160.7633 0.1609 CUSUM-Square Stable
RESET-LR 0.5879 04432

The multiplier graphs shown in Figure 1 provide important clues about the asymmetric
effects of the variables. While there is a significant positive asymmetric effect in both
variables, it can be said that the asymmetry is more pronounced and stronger in the deposit
interest rate. Positive and negative shocks in the policy interest rate appear to be reflected
in credit interest rates in the form of increases, while shocks in deposit interest rates appear
to have an effect in the direction of their own signs on their own credit interest rates.
Another difference is that while the asymmetry observed in the deposit interest rate tends
to disappear in the long term, the asymmetry related to the policy interest rate increases its
effect over time, especially in terms of negative shocks.

Figure 1. Multiplier Graphs
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It may not be possible to obtain solid evidence about the existence and nature of asymmetry
by looking only at the multiplier graphs. Formal tests of the significance of the differences
between the coefficients of the positive and negative components shown in Table 3 will
provide further evidence in this regard. To this end, the Wald test was conducted on the
level and difference values in the error correction model to investigate the existence of
short- and long-term asymmetric relationships. The test results presented in Table 4 support
the conclusions drawn from the multiplier graphs. According to these results, deposit
interest rates have an asymmetric effect on credit interest rates in both the short and long
term. In contrast, while the policy interest rate exhibits asymmetric behaviour in the short
term, no statistical evidence strong enough to support the existence of this effect in the long
term has been found.

Table 4. Results of Wald test for asymmetry

Short term p-value Long term p-value

DIR 5.2159 0.0224 8.3793 <0.01
PIR 13.0998 <0.01 2.3354 0.1265
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4. Discussion

The findings of the two different approaches used in the analysis provide a deeper
understanding of the dynamics of interest rate pass-through in Tiirkiye. According to the
findings of the linear (symmetric) ARDL model, the negative effect of the policy interest
rate on credit interest rates is consistent with the basic functioning mechanism of monetary
policy. When the central bank raises the policy interest rate (tightening), banks' funding
costs increase, creating pressure to raise credit interest rates. Conversely, when the central
bank lowers the policy interest rate (easing), banks' funding costs decrease, creating an
incentive for them to lower credit interest rates. Therefore, it is theoretically natural to
expect an inverse (negative) relationship between the policy interest rate and credit interest
rates. This is a fundamental finding demonstrating that monetary policy is transmitted to
the economy through the banking channel.

It is also expected that deposit interest rates will have a positive effect on lending rates.
Banks raise funds by collecting deposits, and the interest they pay on these deposits is one
of their basic funding costs. When deposit interest rates rise, banks' funding costs increase,
and they tend to reflect this increased cost in loan interest rates in order to maintain their
profit margins. Therefore, the observation of a positive relationship between deposit
interest rates and loan interest rates is consistent with theoretical expectations regarding
banks' cost structures.

These linear model findings reveal that the basic monetary transmission channels are
functioning in Tiirkiye and that the expected relationships between interest rates exist.
However, real market conditions are often non-linear, and asymmetric interactions may
occur. At this point, the findings of the NARDL model become important.

The NARDL model allows us to examine the different effects of upward (positive shocks)
and downward (negative shocks) changes in policy interest rates and deposit rates on
lending rates. The lack of impact of positive (increase) changes is a finding that deviates
from theoretical expectations. Typically, when the central bank raises the policy interest
rate (tightening), banks' funding costs rise rapidly, leading to a swift and full upward pass-
through to credit interest rates. If increases do not affect credit interest rates, this may
suggest that banks are reluctant to pass on these increased costs to credit interest rates or
that other factors (e.g., high competition, excess liquidity) neutralise this effect. This
situation may indicate a weakness or a different dynamic in the tightening channel of
monetary policy in Tiirkiye. While it is common in the literature for banks to pass on
interest rate increases more quickly to protect their profit margins, this finding contradicts
the general trend.

The finding regarding the negative impact of negative (declining) changes shows that the
expected inverse relationship between the policy rate and the lending rate continues but
only applies to interest rate cuts. When the policy rate falls, banks' funding costs decrease,
creating room for them to lower lending rates. Although this situation appears to contradict
the theoretically expected phenomenon of ‘downward rigidity for lending rates,’ it actually
draws attention to the fact that ‘interest rate cuts affect lending rates,” while ‘interest rate
hikes do not.” A common finding in the literature is that interest rate cuts are reflected more
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slowly or to a lesser extent. The finding here, however, suggests that interest rate cuts are
effective, but interest rate hikes are not, indicating a Tiirkiye-specific asymmetric pass-
through dynamic. This situation can be interpreted as banks tending to pass on interest rate
cuts to customers under profit maximisation or competitive pressures but preferring to
absorb interest rate hikes internally.

The finding regarding the asymmetric effect on deposit interest rates is quite surprising and
directly contradicts theoretical expectations. The fact that increases in deposit interest rates
(which increase the bank's costs) have a negative effect on lending rates means that the
bank does not pass on its increased costs to lending rates but rather reduces them. Similarly,
the fact that decreases in deposit interest rates (which reduce the bank's costs) also have a
negative effect on loan interest rates indicates that these decreases are reflected in loan
interest rates.

Possible explanations for this situation include the following:

* Intense Competition: Intense competition in the deposit market forces banks to raise
interest rates to attract deposits, while at the same time, competitive pressures in the
credit market may prevent them from passing on their increased costs to credit interest
rates. In fact, they may have to sacrifice their margins in order to attract more deposits
and extend credit.

» Liquidity Management Strategies: Banks' liquidity positions and liquidity management
strategies may explain this finding. Perhaps banks are avoiding lending when deposit
rates rise (more expensive funding) or are only lending at lower rates for non-risky
loans. However, this explanation does not fully account for the ‘negative effect.” A more
likely scenario is that competition in the deposit market may have reduced banks' pricing
power over loan interest rates and even exerted negative pressure on them.

» Financial Pressure or Regulations: Certain financial pressures specific to Tiirkiye may
force banks to raise deposit interest rates during certain periods, while regulations or
market conditions may prevent them from raising lending rates above a certain level.
This situation may lead to a squeeze on banks' profit margins.

The results of the Wald test are critical in understanding the existence of asymmetry and
where it is concentrated. While the asymmetric effect of long-term deposit interest rates is
supported, the absence of asymmetry originating from the policy interest rate indicates that
long-term dynamics in the deposit market have an asymmetric effect on banks' credit
pricing. When combined with the finding that ‘rises and falls in deposit interest rates
negatively affect credit interest rates,” this indicates that, in the long term, banks reflect
changes in deposit costs in credit interest rates in a non-symmetrical manner, meaning that
both upward and downward movements in the deposit market create downward pressure
on credit interest rates. However, the disappearance of asymmetry in the policy interest rate
over the long term may suggest that the effect of monetary policy has settled into a
symmetrical equilibrium over the long term or that other factors have neutralised this
asymmetry. This situation indicates that the central bank's long-term interest rate increases
and decreases have a similar effect on credit interest rates, and that the short-term
asymmetry disappears over the long term.
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The confirmation of asymmetric effects in both channels in the short term is quite
consistent with common findings in the literature. Banks may respond more
asymmetrically in the short term to situations such as liquidity shocks, sudden policy
interest rate changes, or market uncertainties. The fact that short-term declines in policy
interest rates have a negative effect on lending rates, while increases do not, indicates that
the easing channel of monetary policy is functioning in the short term, but the tightening
channel is not having the expected effect. This situation may suggest that banks tend to
avoid raising lending rates during periods of tightening in order to retain customers or
maintain market competitiveness. The fact that both increases and decreases in short-term
deposit interest rates have a negative impact on credit interest rates in the short term can be
interpreted as banks prioritising not only profit margins but also market share and customer
relations in terms of short-term liquidity management and funding costs. The tendency to
lower credit interest rates even when deposit interest rates rise may be an aggressive market
share acquisition or customer retention strategy.

5. Conclusion

When the results obtained from the analyses are evaluated together, it can be said that there
is an asymmetric effect between the deposit interest rates applied by banks in Tiirkiye and
the interest rate on consumer loans in the short and long term. This means that changes in
deposit interest rates are not reflected in the same way in lending interest rates, regardless
of the direction of the change. The multiplier graph in Figure 1 indicates that increases in
interest rates are reflected in loan interest rates to a greater extent than decreases. This
situation also provides an insight into the level of competition among banks in Tiirkiye. It
is quite difficult to observe such asymmetry in a highly competitive market. Under
conditions of intense competition, a bank that reflects a decrease in deposit interest rates to
lending rates slowly and at a lower rate, while rushing to reflect an increase in deposit
interest rates to lending rates, may find itself in a difficult position vis-a-vis its competitors.

Another finding of the analysis is that the policy interest rate announced by the Central
Bank does not fully serve as an indicator for banks. Various factors may have contributed
to this situation. The one-week repo auction rate, which is considered as the policy interest
rate in the analysis, has been adopted as the Central Bank's policy interest rate since June
2018. Therefore, for a significant portion of the sample period, this interest rate was not
used as an indicator by banks. Another factor is related to the Central Bank's interest rate
policy. Since the end of 2010, the Central Bank has implemented an unconventional
interest rate corridor and funding policy in order to respond promptly to financial volatility.
In this context, the composition of short-term funds provided by the CBRT to the market
was changed at high frequencies, and it was preferred to allow market interest rates to
deviate from the CBRT funding rate and the announced official rates during periods
deemed necessary. In this unconventional approach, the interaction between monetary
policy and the financial system takes on a more complex structure compared to the classical
interest rate corridor application (Binici et al., 2016). One reflection of this complexity may
be the inability to achieve a symmetrical and complete parallelism between the lending
interest rates applied by banks and the TCMB's policy rate.
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It should be noted that the findings obtained from the analyses conducted here are
conditional on the interest rate indicators used and the sample period. Although a high level
of correlation is expected among alternative indicators, using the 1-month deposit interest
rate instead of the 3-month deposit interest rate, the car loan interest rate instead of the
consumer loan interest rate, and the weighted average funding cost instead of the repo rate
as the policy rate as indicators could lead to significant changes in the findings. Therefore,
repeating the analyses using different indicators and sample periods consistent with the
CBRT's interest rate policies would help to draw more reliable conclusions in this regard.
Additionally, considering that the deposit and loan interest rate indicators used in the
analysis are based on average values, it is expected that an analysis conducted at the
individual bank level may not reveal an asymmetric relationship for each bank or that the
same degree of asymmetry may not apply.
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Abstract. Resilience and stability of domestic economic growth on the island of Sumatra requires
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government, regional and regional spending. Tax revenues and the Fiscal Independence Index as a
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1. Introduction

The development of the Indonesian economy at the start of 2024 amidst the global
economic slowdown is optimistic that it will continue to grow in the next few years,
although overall domestic economic conditions are still considered solid, which is marked
by rapidly changing geopolitical conditions, shifts in currency values and soaring prices of
several of Indonesia's leading commodities (World Bank, 2024). Facing this challenge, the
domestic regional economy demands hard work towards fiscal decentralization which is
the authority of the regions. To maintain macroeconomic stability and resilience,
collaboration between monetary policy instruments and fiscal decentralization is necessary
in the current situation. Monetary and fiscal policies have a role in achieving
macroeconomic growth targets and balance through controlling the rate of inflation and
public spending (Sen & Kaya, 2014).

Indonesia's monetary policy will focus on stability, maintaining inflation and the value of
the rupiah. Pro-stability monetary policy will be implemented with proactive and
preventive interest rate policies reinforced with pro-market monetary operations to
strengthen the effectiveness of Bank Indonesia's policy transmission to financial markets
and the economy, including attracting portfolio inflows, as well as managing capital flows
in accordance with international rules to maintain external stability and maintain adequate
asset reserves (Bank Indonesia, 2024). According to (Warjiyo & Solikin, 2003), the
effectiveness of expansionary monetary policy depends on the relationship between the
amount of money in circulation and macroeconomic variables, for example inflation.

The dynamics of money circulation in Indonesia, based on data released by Bank Indonesia,
continues to increase. Monetary policy through controlling money circulation in order to
maintain balance in the money market (LM curve), according to the monetarist school,
monetary policy is more sensitive in controlling a country's inflation. This is based on the
principle that monetary policy has a direct impact on aggregate demand. If the value of
money circulation increases in a country, consumers will spend money for productive
spending by buying goods and services instead of securities (bonds). According to (Tule et
al., 2020), a monetarist philosophy, fiscal policy instruments are considered not to respond
quickly to influence economic activity because they can create a crowding out effect, so
that fiscal policy has no impact on output levels. This research uses the circulation of money
for each province with a proxy approach for GDP share.

The monetarist view believes that controlling the circulation of money affects a country's
inflation performance. By increasing the amount of money circulating in the money market
(LM curve), the balance curve in the product or goods market (IS curve) will reduce interest
rates so that inflation will fall. According to Friedman (1970), he believes that the
circulation of large amounts of money over a long period (long run) results in a money
circulation with high inflation. However, there is no correlation between the money supply
and inflation in the short term.

Fiscal decentralization in the era of regional autonomy continues to be improved and
innovated in finding sources of regional potential based on the management of the
delegated authority. Regional development planning requires financing that originates from
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regional fiscal independence through sources of original regional income. The
independence of regional autonomy policies that regulate, manage and manage regional
financial capacity is reflected in the management of potential sources of Regional Original
Income (PAD) through regional tax revenues. According to (“The Relative Effects of Fiscal
and Monetary Policies on Ethiopian Economic Growth,” 2020) decentralization has been
attempted to bring the governance and development decision-making process closer to the
general public at the regional level. A centralized government system (Madurapperuma,
2023), ensuring the effectiveness of decentralization requires sufficient financial resources
to help run the administrative system and encourage regional development.

Of the four PAD components, the one that has the largest contribution is regional tax
revenue, which is the pillar of strengthening local taxing power. It is hoped that increasing
fiscal decentralization through regional taxes will become a key instrument in increasing
regional fiscal independence, improving public service performance and community
welfare. Taxation produces a more representative and accountable state, because revenue
extraction creates a fiscal social contract between the state and citizens, where the
government tends to bargain with taxpayers, exchanging representation and services to
increase taxation (Elhakim & Ali, n.d.).

The role of regional tax revenues in the regional economy itself is shown by comparing the
realization of regional taxes to the total income from the provincial regional economy, the
local tax ratio, namely the comparison between the realization of regional taxes and the
total income from provincial regional economic activities. Regional financial regulation
system, the regional tax ratio is a comparison between regional taxes received in
accordance with authority and Gross Regional Domestic Income (GRDP), the regional tax
ratio figure is influenced by the share of GRDP. Another role of tax revenue will be
influencing the expansion or relaxation of production activities, expenditure, and
household savings (Sugiartini & Millatul Maula, n.d.).

In line with the Central Government's mandate for Regional Governments to have stronger
fiscal decentralization, the Central Government, through financial balance, has begun to
reduce Transfers to Regions and Village Funds (TKDD), to assess the performance
capacity of regional financing in financing development at the regional level. It is hoped
that the role of regional governments in managing and regulating finances with reforms in
the financial sector will make the government more independent fiscal decentralization
(Amponsah et al., 2023).

Government expenditure in the form of expenditure on programs, activities and sub-
activities constitutes all obligations of Regional Government entities which are recognized
as a reduction in net asset value in the current fiscal year period. Spending on programs,
activities and sub-activities is arranged based on regional priority scales due to budget
constraints, for example spending to support economic growth. The impact of government
expenditure on economic growth can be explained through the endogenous growth model
(H. T. Nguyen & Darsono, 2022).

The condition of regional tax revenues cannot be separated from the inequality of
population income, this is expressed by the Gini Index. Gini Index, an indicator for
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measuring accumulated disparities developed by an Italian statistician named Corrado Gini
in 1912 (International NGO Forum on Indonesia Development, 2018). Inequality in the
distribution of population income can be caused by unequal employment opportunities
among the population. If the Gini Index gap is too large, it could cause individual taxpayers
to become indebted at maturity and this will affect the realization of local tax revenues. In
many countries, the unequal distribution of income and resources among the population is
the main cause defining the challenges of our time. In both developed and developing
countries, income inequality (as measured by the decile ratio and Gini coefficient based on
the Lorenz curve) between rich and poor is at a high level, and continues to increase (Agung
Krisprimandoyo & Bambang Mahargiono, 2023).

2. Literature Review

Regional economic growth is an increase in the value of a region's gross regional domestic
product (GRDP) over a certain period of time (Tavares Garcia & Cross, 2024). Key
performance indicators of regional regional economic growth are measured using gross
regional domestic product (GRDP) per capita. Regional economic growth is characterized
by changes that occur in the level of output, income and expenditure on a sustainable and
permanent basis (Mdingi & Ho, 2021). The measure of success in regional regional
economic growth is measured using the real GDP growth rate, namely the increase in GDP
which is influenced by inflation. This real GDP growth rate is used as a performance of
regional economic success over time (Tiony, 2023). According to the Keynesian school
pioneered by John Maynard Keynes, the economy of a region can be managed using
monetary and fiscal policy instruments determined by the government or regional
government (M. L. T. Nguyen & Bui, 2022). Fiscal decentralization which delegates
authority to regional governments in the form of managing regional taxes and expenditures
is suitable for financing development in the regions.

According to Pietrovito et al., (2023), fiscal policy is the government's effort to manage
government expenditure and income with the aim of creating economic balance and stable
economic growth. In the Keynesian general equilibrium model, macroeconomic policy is
a way for the government to provide stimulus to aggregate demand by controlling regional
tax revenues and regional government expenditure interventions. When regional
expenditure consumption is increased and/or regional tax rates are reduced, there will be a
multiplier effect from the government to the private sector in the form of investment which
will impact the demand for goods and services and capital will increase, if this is not
followed by supply balance it will cause inflation. (Shtewi, 2023) investigate the influence
of fiscal and monetary policies in Macedonia. The authors conclude the opposing impacts
of these policies on economic growth, more specifically, government spending reduces
economic activity but tax revenues have a positive impact on gross output. On the monetary
policy side, these results show that an increase in interest rates reduces economic activity.

According to H. T. Nguyen et al., (2022), monetary policy is an economic policy instrument
carried out by the central bank to control the circulation of money, interest rates and credit
in a region. Through monetary policies set by the government through Bank Indonesia, one
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of which is controlling the circulation of money for economic resilience and stability. The
circulation of money in a region can be measured using a proxy approach from the share
of GRDP to GDP. One of the arrangements in the monetary policy taken is to control
inflation in a region, volatile inflation can provide detrimental sentiment to the economy
(Tadesse & Melaku, 2019). According to (George-Anokwuru, 2023) monetary policy is
the central bank's method of controlling the circulation of money and interest rates to
achieve stable economic goals and targets, such as maintaining inflation.

The Keynesian view of uncontrolled inflationary shocks is because the population lives
beyond their economic control and capabilities with a priority on how economic activity
between population groups can have an impact on demand that is higher than the amount
of goods and services provided (Olamide et al., 2022). According to Friedman (1976),
shocks caused by inflation continuously and everywhere are a monetary phenomenon.
Friedman (1976) refined the quantity expenditure theory by developing a theory of money
demand. Inflation can occur due to a demand pull caused by an increase in prices as a result
of a shift in aggregate demand upwards, while inflation due to a cost push is caused by an
increase in prices which influences an increase in supply and reduces aggregate demand.
The theory of money demand is based on the demand for the amount of money circulating
in society which is determined by the role of variables in the economy, namely economic
growth, changes in interest rates, and uncertain price levels (Saidi et al., 2024).

To measure regional fiscal independence index indicators, an index developed by Hunter
(1977) is used. The Hunter Index (1977) is still relevant to use as a proxy for calculating
the independence and available regional fiscal capacity (Obayelu & Edewor, 2022).
According to Sampurna (2018), regional fiscal independence is grouped into several
operational definitions "Not yet Independent", "Towards Independence", "Independent"
and "Very Independent”. If fiscal independence is defined as high, it will reduce the TKDD
transfer ratio and become more independent for regions to fund regional development in
the form of productive operating expenditures and capital expenditures.

Several experts argue that income inequality has a negative impact on economic growth
(Liu et al., 2020). The Lorenz curve provides an overview of the actual quantitative
relationship between the percentage of income recipients and the percentage of total net
income they receive during a certain time period, for example one quarter. The Lorenz
curve is within the boundaries of a square with the vertical side explaining the cumulative
percentage of national income, while the horizontal side explains the cumulative
percentage of population. If the Lorenz curve approaches a straight line, it means that the
distribution of national income is getting better. However, if the Lorenz Curve moves away
from the curve, it shows that the situation is getting worse or the distribution of national
income is becoming more unequal and unfavorable (Naufal & Fikriah, 2023). Income
inequality is measured using the Gini Index indicator to see the causality between the
amount of net income received by the population and total income receipts.

Research regarding the mix of monetary and fiscal policy on the economy of a country or
region has been written by many researchers before, including, (Ismail & Sek, 2020),
conducting investigations in her research examining and comparing the impact of fiscal
(government spending) versus monetary policy (money circulation and real interest rates)
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on the economy in ASEAN countries using non-linear regression and the results are that
there is an influence of a single threshold of money supply on inflation before and after
controlling the crisis in determining economic growth. (Soharwardi et al., 2022) evaluated
a comparative analysis of fiscal and monetary policies in Pakistan with the Gross Domestic
Product (GDP) variable as the dependent variable and development spending, gross fixed
capital formation, labor force participation, corruption, total taxes, trade openness, money
supply (M2), government consumption spending as independent variables, showing the
results that monetary and fiscal policies have a positive influence, but monetary policy is
stronger on economic growth in Pakistan. (Ullah & Khan, n.d.), in their research, examines
the impact of fiscal, monetary and open trade policies which have a significant influence
on the economy in Pakistan.

According to Beyene & Kotosz, (2021) studied the effectiveness and sensitivity of fiscal
and monetary policy for the economy in Ethiopia, with the variables of tax and grant
revenues, government expenditure and government loans resulting in the effectiveness of
fiscal policy being greater than monetary policy. (Khosravi & Karimi, 2010) investigated
in their research, there is a significant influence of fiscal and monetary policies to stimulate
the economy in Iran resulting in inflation rates and currency exchange rates having an
inverse influence on growth while government spending has a significant influence on
growth. (Tadesse & Melaku, 2019) examined in their research that the impact of fiscal and
monetary policy on the economy in Ethiopia and the exogeneity of the money circulation
variables, government expenditure consumption and GDP proxy variables showed that in
the short term, the influence of fiscal policy was greater than monetary policy.

3. Data and method

The focus of this study is on the relationship analysis tools and main indicators of time
series and cross section panel data for 2010 - 2023. The variables studied are economic
conditions (InGRDP), money circulation (InMS), Regional Fiscal Independence Index
(IKF), regional inflation (INF) and regional tax revenues (InPD). Specifically, the inflation
and regional tax revenue variables are moderated by the Gini Index variable.

The analytical model used in this research is a dynamic variable relationship approach with
an error correction factor model (VECM), stationary test, Granger causality and
cointegration consisting of (1) the first model will explain how regional spending, regional
fiscal independence index, inflation, regional tax revenues and economic growth together
influence the money supply; (2) the second model will explain how the money supply,
regional fiscal independence index, inflation, regional tax revenues and economic growth
jointly influence regional spending; (3) the third model will explain how the money supply,
regional spending, inflation, regional tax revenues and economic growth together influence
the regional fiscal independence index; (4) the fourth model will explain how the money
supply, regional spending, regional fiscal independence index, inflation and regional tax
revenues together influence economic growth; (5) the fifth model will explain how the
money supply, regional spending, regional fiscal independence index, economic growth
and regional tax revenues together influence inflation; and (6) the sixth model will explain
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how the money supply, regional spending, regional fiscal independence index, inflation
and economic growth jointly influence regional tax revenues.

Unit root testing in this study uses the methodology carried out by (Levin et al., 2002). The
unit root test equation of (Levin et al., 2002) taking into account the ADF test criteria is as
follows:

Pit

AlnY = pitYie—1 + z 5it,jAln Yie_j + e €]
j=1

Where: Y is a vector of the main endogenous variables studied, namely economic growth
(InGRDP), amount of money in circulation (InMS), regional spending (InGE) Regional
Fiscal Independence Index (IKF), inflation (INF) and regional tax revenue (InPD). Unit
root testing by Levin et al. (2002) with the assumption that the accuracy parameter p, is
identical in the time series and panel cross section (i.e., p, p for all it), while the lag sequence
p, can vary. This mechanism tests the null hypothesis p = 0 on all it variables for the
alternative testing hypothesis p <0 on all it variables. The hypothesis is not accepted if H#
0 indicates the possibility of continuing at the data integration process stage and vice versa.

The unit root test by (Levin et al., 2002) which is also based on equation (1), is different
from the unit root test of (Levin et al., 2002), assuming pi to be heterogeneous between
parts. The unit root test by Im et al. (2005) null hypothesis testing is accepted if p, = 0
against the alternative hypothesis p <0, (it=1,..., it); p = 0, (it=it,..... it) for all it. Acceptance
of the alternative hypothesis allows the individual series to be integrated. The unit root test
by (Levin et al., 2002) can be estimated on data at level and first differential in semi-natural
logarithmic form.

Empirically, this research method is to see the impact of a mix of monetary policy and
fiscal decentralization causally on the money supply (InMS), regional spending (InGE),
Regional Fiscal Independence Index (IKF), inflation (INF) and regional tax revenues
(InPD) on economic growth (InGRDP) in Sumatra in the short and long term. This research
also uses a cointegration test, to see the maximum possibility of the Johansen cointegration
test (Johansen, 1988) to see short-term period relationships. and long term between the
variables studied. Granger causality analysis testing also needs to be carried out to get good
results from the test results by choosing the right optimal lag length. The Johansen
cointegration framework takes its starting point in the vector error correction model
(VECM), while its equation can be displayed as follows:

Xig = A1Xj—p + -+ ApXit—p + Byir + €yt (2)

Where: x, is the endogenous vector, and the symbol A acts as an autoregressive matrix. y,
acts as a deterministic vector and B as a parameter matrix. e is the innovation vector and p
is the lag length.

To reveal the direction of causality between money supply (InMS), regional spending
(InGE), Regional Fiscal Independence Index (IKF), inflation (INF) and regional tax
revenues (InPD) on economic growth (InGRDP) for time series and cross section panel
data. So the VECM Granger causality equation model can be seen as follows:
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Where t is the time period (t = 1,..., t); i is a cross section of panel data (i=1,...,i) | lag of
each variable; InGRDP is Gross Regional Domestic Product; InMS is the amount of money
in circulation; InGE is regional expenditure; IKF is the Regional Fiscal Independence
Index; INF is inflation; InPD is regional tax revenue; EC is the error correction and
e16,63e,€5€, assumes an error rate in the model (error term).

According to (Granger, 2008), several possibilities will be obtained regarding the
coefficient value of each variable, namely (i) for example in the first equation only causality
occurs between InMS and InGE on InGRDP, meaning only Y, 0 (rejection of the null
hypothesis), while all hypotheses f;;: dan 61;; = 0 means that there is no causality
between InMS, InGE and Y between variables (acceptance of the null hypothesis), this
indicates that there is at least one relationship or another; (ii) acceptance of the null
hypothesis occurs, if all probabilities are at y;; S1¢ 61 = 0 which means there are no
variables that have good causality in the same direction (directional) or in two directions;
(ii1) rejection of the null hypothesis occurs, if there are other possibilities, for example if
Y1t Bie 01:# 0 which means that all variables have the possibility of a causal relationship,
either unidirectional or bidirectional.
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Table 1. Variable Operational Definition

Variable Definition Source

InGRDP Total Gross Regional Domestic Product Indonesian Central Statistics Agency

InMS The amount of money in circulation is proxied by the share of GRDP in Indonesian Central Statistics Agency
GDP and Bank Indonesia

InGE Consumption of regional government expenditure in the form of regional DJPK, Ministry of Finance
expenditure (government expenditure)

IKF Regional independence in development financing sourced from PAD DJPK, Ministry of Finance

InPD Regional tax revenues have been moderated by the Gini Index variable DJPK, Ministry of Finance

INF Inflation in a region has been moderated by the Gini Index variable Indonesian Central Statistics Agency

IGNI Income Inequality as a moderating variable or control variable Indonesian Central Statistics Agency

Source: Author Compilation, (2025).

4. Results
4.1. Descriptive Statistical Analysis

The results of running data explain descriptive statistics based on table 2 below where the
data is in semi-natural logarithmic form. This describes economic growth, money supply,
regional spending, Fiscal Independence Index, regional tax revenues and inflation. The
highest average values are money supply (34.13371) and regional expenditure (30.58114),
this shows that InMS and InGE have a stable trend in economic growth. The standard
deviation of all variables is positive, with the highest values for InMS (1.391653) and INF
(0.944863).

Table 2. Descriptive Statistical Results

Description InGRDP InMS InGE IKF InPD INF
Mean 32.9686 34.1337 30.5811 0.69853 27.2002 1.37700
Median 33.0050 34.4500 30.6200 0.70650 27.2400 1.12048
Maximum 34.5900 36.1600 31.7900 0.85100 29.0100 3.85175
Minimum 30.9800 29.9500 29.1100 0.47200 25.1400 0.02046
Std. Dev 0.85925 1.39165 0.63539 0.07672 0.78979 0.94486
Skewness -0.16818 -1.03118 -0.22797 -0.86207 -0.15211 0.88489
Kurtosis 2.37205 3.68366 217769 3.94326 2.48338 2.99147
Jarque-Bera 2.96024 27.5376 5.15714 22.5310 2.09705 18.2713
Probability 0.22761 0.00000 0.07588 0.00001 0.35045 0.00010
Sum 4615.61 4778.72 4281.36 97.7950 3808.03 192.780
Sum Sq. Dev 102.625 269.200 56.1186 0.81832 86.7048 124.094
Observation 140 140 140 140 140 140
Multicolinearity
InGRDP 1.00000
InMS 0.78466 1.00000
InGE 0.81412 0.73398 1.00000
IKF -0.20104 -0.24967 -0.39854 1.00000
InPD 0.95072 0.83636 0.83097 -0.26257 1.00000
INF -0.09985 -0.24789 -0.21109 0.14959 -0.15536 1.00000

Source: Author’s calculation based on output E-Views 13 (2025).

The relationship matrix between panel data variables above, to determine the extent and
direction of the relationship between variables, uses the Pearson correlation test. If the
value is 1 then there is a perfect relationship between the variables. Positive and negative
symbols describe the direction of the relationship between two variables. If an increase in
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one variable increases another variable, then this is indicated by a positive sign, whereas if
it is negative, the opposite applies.

4.2. Panel Unit Root Test

Before estimating VECM Granger causality, several econometric criteria must be met, such
as testing data stationarity with the unit root test using the Augmented Dickey-Fuller test
criteria (ADF-Test) using 2 (two) ADF-Fisher Chi-square and ADF-Choi Z-stat methods,
this test was developed by (Levin et al., 2002). The unit root test results can be seen in
Table 3.

Table 3. Unit Root Test Results at the First Difference Level

Variable ADF-Fisher Chi-square ADF-Choi Z-stat Information
t-Statistic Prob t-Statistic Prob

A (InGRDP) 35.2897 0.0186 -1.88638 0.0296 stasionary
A (InMS) 253.215 0.0000 -14.2737 0.0000 stasionary
A (InGE) 43.1420 0.0020 -3.39115 0.0003 stasionary
A (IKF) 52.0909 0.0001 -4.42705 0.0000 stasionary
A (InPD) 62.0119 0.0000 -5.10421 0.0000 stasionary
A (INF) 100.659 0.0000 -7.77308 0.0000 stasionary

Source: Author’s calculation based on output E-Views 13 (2025).

Table 3 shows the running test results from the unit root test at the first difference level,
where the results show a probability value of <0.05 (stationary). Furthermore, the six
variables are InGRDP; InMS; InGE; IKF; InPD and INF can be used to estimate Granger
causality with vector error correction models (VECM).

4.3. Lag Optimum Criterion

Selecting the right optimum lag in the causality model. Table 4 shows the results of the
optimum lag test. The results of the running test show that determining the length of the
data lag that will be used in estimating Granger causality is lag two for the 6 (six) variables
tested as follows.

Table 4. Akaike Information Criterion Test

Lag LogL R FPE AlC sC HQ
0 652.7414 NA 3.15e-13 1175893 11.61164 -11.69919
1 762.1582 204.9080 8.30e-14 -13.09379 12.06269 12.67557
2 842.4268 141.5645° 3.73e-14 13.89867 -11.98378 13.12198°

Source: Author’s calculation based on output E-Views 13 (2025).

Table 4 shows that the minimum Akaike Information Criterion (AIC) parameter value is in
the second lag with a value of (-13.89867), this indicates that the optimum lag is in the
second lag.

Table S. Lag Optimum Test

OptimumLag | A (inGRDP)| A (InMS) | A(InGE) | A (IKF) A (InPD) A (INF) Joint
A Lag one 25.70110 2913853 |  17.87485 |  33.31129 16.04025 | 1338077 |  295.1997
[0.0003] [0.0001] [0.0066] [0.0000] [0.0135] [0.0000] [0.0000]
A Lag two 21.89274 12.35886 |  17.87823 |  6.762935 3100317 | 103.9864 | 191.0199
[0.0013] [0.0544] [0.0065] [0.3433] [0.0000] [0.0000] [0.0000]
df 6 6 6 6 6 6 36

Source: Author’s calculation based on output E-Views 13 (2025).
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4.4. Cointegration Test

The Johansen cointegration test was developed to see the long-term relationship between
the variables studied. In checking causality, Granger causality analysis also needs to be
carried out to get good results from the test results by choosing the right optimal lag length.
Johansen's conceptual cointegration takes its starting point in the vector error correction
model. Based on the results of the Johansen cointegration test in Table 6, it shows that the
trace statistic results are higher than the critical value, as well as the Max-Eigen Statistics
value being higher than the critical value. These results show that for the long-term period
there is cointegration between the variables of the equation model, the Johansen
cointegration test is presented in Table 6.

Table 6. Johansen Co-integration Test

Trace Test

Null Hypothesized (Ho) Eigenvalue Trace Statistic Critical Value 0.05 Prob
None’ 0.521315 181.5230 95.75366 0.0000
At most 1” 0.483849 100.4847 69.81889 0.0000
At most 2 0.134838 27.73562 47.85613 0.8250
At most 3 0.073568 11.80336 29.79707 0.9385
At most 4 0.025270 3.397749 15.49471 0.9460
At most 5 0.005280 0.582380 3.841465 0.4454

Maximum Eigenvalue Test

Null Hypothesized (Ho) Eigenvalue Max-Eigen Statistic Critical Value 0.05 Prob
None’ 0.521315 81.03833 40.07757 0.0000
At most 1" 0.483849 72.74910 33.87687 0.0000
At most 2 0.134838 15.93226 27.58434 0.6715
At most 3 0.073568 8.405612 21.13162 0.8772
At most 4 0.025270 2.815369 14.26460 0.9583
At most 5 0.005280 0.582380 3.841465 0.4454

Source: Author’s calculation based on output E-Views 13 (2025).
4.5. VECM Estimation Long-Run

The vector error correction model is a form of autoregressive vector model that estimates
the existence of non-stationary but cointegrated data levels. VECM is a development of
VAR in non-stationary data series that have a cointegration relationship. The VEC model
stabilizes the impact of shocks in the long-term period relationship of endogenous variables
so that they can unite in a cointegration relationship due to the role of other variables, but
remain unified due to the dynamics of the short-term period. The VEC model estimation
results can be seen in Table 7.

Tabel 7. VECM Estimation in Long-Run Relationships

DZ:::‘SL‘*M C | A(nGRDP,| A (InMS,_,| A (INGE;_y)| A(IKFy_y) A(InPD,_| AUINF,| ECTu-1
A (InGRDP)| 0.065603 0180485 | 0012489 | -0.089576 | 0.156153 | 0014510 | 0.001634 | 0.01348
(0.0094) (011428) | (0.00656) (0.05619) | (0.08378) | (0.03910) | (0.0040) | (0.008)
[6.9751] [157929) | [1.90360] | [-1.59411) | [1.86387) | [0.37108] | [0.4007] | [1.547]
A(nMS) | 0323458 | 0151070 | -0.006465 | _ -0.171358 | 0.161425 | -0.013507 | 0.01221 | 0.9947
(0.0109) (013333) | (0.00765) (0.06556) | (0.09774) | (0.04562) | (0.0047) | (0.010)
[29478] | [-1.13307) | [-0.84466] | _ [-261387) | [1.65155] | [-0.29608] | [2.5669] | [97.87]
A (nGE)_|0.008082 0561286 | 0025059 0.008707 | -0.025918 | _ 0.010690 | -0.00537 | 0.0312
(0.0145) 047703 | (0.01016) (0.08704) | (0.12978) | (0.06057) | (0.0063) | (0.013)
[0.5547] (311409] | [2.46569) [0.10003] | [-0.19971] | [0.17650] | [-0.8504] | [2312]
AGKF) 0044528 | -0.438639 | 0.008653 | -0.144475 | 0.002787 | 0.010792 | -0.01421 | 0.0059
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DZ:::gleent C | A(nGRDP,| A(InMS;_;| A (INGE;_;)| A (IKFy_y) A(InPD,,_{ ACINF,] ECTi-1
0.0097) (0.11894) | (0.00683) (0.05848) | (0.08719) | (0.04069) | (0.0042) | (0.009)
5491 | [-3.68800] | [1.26724] | [-247047) | [0.03197] | [0.26521] | [3.3494] | [0.651]
A (InPD) |0.098822 0.002806 | 0.017430 0.009587 | 0.266800 | -0.179126 | 0.026785 | 0.0845
(0.0228) (0.27768) | (0.01594) (0.13653) | (0.20356) | _(0.09501) | (0.0089) | (0.021)
[4.3243] [0.01011] | [1.09342] [0.07021] | [1.31065] | [-1.88538] | [2.7031] | [3.993]
A(INF) _ |0.022987 | 4530243 | 0.709812 0617184 | 5973854 | 0.148382 | -0.31662 | 0.0198
(0.1901) 231004) | (0.13262) (1.13584) | (1.69347) | (0.79038) | (0.0824) | (0.176)
[0.1209] | [1.96111] | [5.35236] [(054337] | [352759) | _ [0.18773] | [-3.8410] | [0.112]

Source: Author’s calculation based on output E-Views 13 (2025).
4.6. VECM Estimation Short-Run

Estimation of the short-term causality model, at the first model testing stage, the hypothesis
value is zero (HO) for short-term causality, which is the lag in the previous period of the
independent variables, namely economic growth, regional spending, regional Fiscal
Independence Index and inflation after being moderated simultaneously, it does not
significantly influence the dependent variable, namely the circulation of money. The
statistical figures illustrate that the Chi-square confidence level is above 0.05, so the
acceptance of the null hypothesis is acceptable, which means that there is no relationship
between the independent and dependent variables in the short term. The next process stages
were tested on the second to sixth models shown in Table 8 below.

Table 8. VECM Estimation in Short-Term Relationships

Variable (Chi*2) dan Probabilitas
Dependent A (InGRDP) | A (InMS) A (InGE) A (IKF) A (InPD) A (INF)

A (InGRDP) - 15.89881 5473475 9.992067 1.992981 1.923250
- 0.0004 0.0648 0.0068 0.3692 0.3823
A (InMS) 2472839 - 4.028955 5.299149 13.47971 0313816
0.2904 - 0.1334 0.0707 0.0012 0.8548
A (InGE) 6.423859 2.706995 - 4580428 3.071253 1.088344
0.0403 0.2583 - 0.1012 0.2153 05803
A (IKF) 0.626922 2.101839 0.736069 - 1.323283 1.138054
0.7309 0.3496 0.6921 - 0.5160 0.5661
A (InPD) 2.296305 2372315 2.239017 0.131965 - 1.797945
0.3172 0.0000 0.3264 0.9361 - 0.4070
A (INF) 6.473111 162.2818 6.590573 1.145571 1.430300 -

0.0393 0.0000 0.0371 0.5640 0.4891

Source: Author’s calculation based on output E-Views 13 (2025).
4.7. Impulse Response

The estimation results of innovation variable shocks were carried out to see the response
to instability due to shocks in the innovation variable on other variables. Estimates using
an assumption approach between innovation variables do not have a direct relationship due
to the influence of surprises on innovation variables. Figure 1 shows the variable response
due to the surprise of the innovation variable within the period after the shock occurred. If
the shock image shows a change that is getting to a stable point (converging) or returning
to the stable point of the previous period, it means that the variable is responding and the
longer the period, the more they will cancel each other out so that the shock does not have
a permanent influence on the variable.
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Figure 1. Impulse Response

Response of LN_PDRB to Cholesky One S.D. (d.f. adjusted) Innovations

.06

.05 /\

.04

.03

.02

.01

.00 f

-.01

5 10 15 20 25 30 35 40 45

LN_PDRB LN_MS
LN_GE IKF
INFLASI_MODERAS| LN_PD_MODERASI

Source: Author’s calculation based on output E-Views 13 (2025)

Figure 1 shows that the shock variable moderated by InPD and INF responds downward to
InGRDP in the initial period and fluctuates in the following period but will be stable in the
long period.

4.8. Variance Decomposition

The role of variations in endogenous variables in the combined shock components of other
endogenous variables in the design of VAR model development. The role of this variant
can explain the distribution of movements in a time series as a result of the shock of the
variable itself when compared with the shock of other innovation variables as shown in
Table 9 below.

Table 9. Variance Decomposition

Variabel Periode | SE | A(InGRDP) | A(InMS) | A(InGE) | A(IKF) | A(InPD) | A (INF)

A (InGRDP) 1 0.0424 100.0000 0.0000 0.0000 0.0000 0.0000 0.0000
10 0.1458 89.3253 0.6480 0.4100 8.3449 0.8936 0.3779

20 0.2046 88.9961 0.6867 0.3524 8.6153 0.9431 0.4062

30 0.2498 88.8900 0.7002 0.3323 8.7000 0.9612 0.4159

45 0.3055 88.8193 0.7093 0.3187 8.7566 0.9734 0.4225

A (InMS) 1 0.0344 34.9316 65.068 0.0000 0.0000 0.0000 0.0000
10 0.1216 34.7525 56.859 0.7188 2.5655 4.6976 0.4055

20 0.1714 35.2619 56.198 0.7658 26180 4.6893 0.4664

30 0.2100 35.4310 55.980 0.7815 2.6331 4.6867 0.4867

45 0.2572 35.5439 55.835 0.7920 2.6431 4.6850 05002

A (InGE) 1 0.0670 0.74501 16.911 82.343 0.0000 0.0000 0.0000
10 0.2450 14.6994 18.242 65.901 0.1623 0.9144 0.0797

20 0.3520 15.1249 18.620 65.145 0.0904 0.9768 0.0413

30 04333 15.2551 18.742 64.911 0.0670 0.9955 0.0290

45 0.5326 15.3403 18.821 64.757 0.0516 1.0077 0.0209

A (IKF) 1 0.0445 15.8106 0.0161 0.0871 84.086 0.0000 0.0000
10 0.1013 3.81778 75172 0.1903 77.657 2.8458 7.9710
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Variabel Periode | SE | A(InGRDP) [ A(inMS) [ A(InGE) [ A(IKF) | A(InPD) | A(INF)
20 0.1388 2.03889 8.7257 0.1410 76.826 3.1919 9.0753
30 0.1681 1.39124 9.1625 0.1229 76.530 33147 94777
45 0.2043 0.94269 9.4651 0.1104 76.325 3.3997 9.7562
A (InPD) 1 0.0943 13.0563 21.452 7.8140 3.7446 53.931 0.0000
10 0.2107 12.7749 16.222 125303 44192 53.587 0.4654
20 0.2872 115208 15.856 13.6795 45623 53.854 0.5265
30 0.3473 11.0544 15.721 14.1014 4.6316 53.943 0.5474
45 04217 10.7306 15.627 14,3945 4.6797 54,005 0.5620
A (INF) 1 0.5040 2.56395 0.1695 1.58385 24428 0.3343 92.905
10 1.0340 | 2050053 29.9627 250183 15.8872 1.6762 29.471
20 14113 | 2319537 35.5058 1.72315 18.3254 1.8004 19.449
30 17074 | 2416778 37.5193 1.43985 19.2470 1.8468 15.779
45 20737 | 24.84271 38.9190 1.24297 19.8873 1.8788 13.229

Source: Author’s calculation based on output E-Views 13 (2025).

Table 9 above indicates that as the time period increases, the role of the independent
variable on the dependent variable fluctuates greatly, there are variables whose role
becomes stronger, but there are also variables whose role in economic growth decreases.

4.9. Moderating Variable Test Results

Based on the model formed from equations (3), (4), (5), (6), (7) and (8), there are variables
that moderate the InPD and INF variables. Table 10 below presents the results of testing
the moderating variable (Gini Index) using the EGLS (cross-section SUR) panel method.

Table 10. Moderating Variable Test Results

Variable S.E t-Statistic Prob Information
A (InPD) 0.288417 2.114878 0.0364 InPD moderated Gini Index
A (INF) 0.284409 3.188933 0.0018 INF moderated Gini Index

Source: Author’s calculation based on output E-Views 13 (2025).

Table 10 shows that with partial testing the Gini Index variable strengthens the InPD
variable after being moderated and has a significant influence with a prob value < 0.05 and
the Gini Index variable strengthens the INF variable after being moderated and has a
significant influence with a prob value < 0.05, thus the Gini Index acts as a Quasi
moderator.

4.10. Hypothesis Testing

The results of hypothesis testing using the EGLS (cross-section SUR) panel method are
shown in Table 11 below.

Table 11. Hypothesis Testing Results

Variable dependent: InGRDP

Hipotesis Variable Coeffisient S.E t-Statistic Prob™
c 9.875954 0.953251 10.36029 0.0000

H1 A (InMS) 0.049302 0.012901 3.821520 0.0002

H2 A (InGE) 0.399010 0.033696 11.84135 0.0000

H3 A (IKF) 0.819808 0.080874 10.13684 0.0000
H4 A (InPD) 0.318741 0.032960 9.670532 0.0000

H5 A (INF) -0.025292 0.005383 -4.698282 0.0000
H6 Simultan 12903.97 0.000000

Source: Author’s calculation based on output E-Views 13 (2025).
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Table 11 shows the first hypothesis (H1) with a t-statistic of 3.821520 and a probability
value of less than 0.05 (0.0002<0.05) which means that the circulation of money has a
positive and significant relationship to the economic growth variable or H1 is accepted, the
second hypothesis (H2) with a t-statistic of 11.84135 and a probability value of less than
0.05 (0.0000<0.05) which means regional spending has a positive and significant
relationship with economic growth or H2 is accepted. The third hypothesis (H3) with a t-
statistic of 10.13684 and a probability value of less than 0.05 (0.0000<0.05) which means
the Fiscal Independence Index has a positive and significant relationship to economic
growth or H3 is accepted, the fourth hypothesis (H4) with a t-statistic of 9.670532 and a
probability value of less than 0.05 (0.0000<0.05) which means regional tax revenue (after
moderated) has a significant influence and a positive relationship or H4 is accepted. The
fifth hypothesis (H5) with a t-statistic of -4.698282 and a probability value of less than 0.05
(0.0000<0.05) which means that inflation (after moderation) has a significant influence and
a negative relationship or HS5 is accepted and the sixth hypothesis (H6) tested
simultaneously shows that money circulation, regional spending, the Fiscal Independence
Index, regional tax revenues and inflation have a significant influence with the F-statistic
12903.97 and the probability value is less than 0.05 (0.000000<0.05).

5. Discussion

The estimation results of the first VEC model, shown in model equation (3), indicate that
in short-term causality modeling Table 8, the regional tax revenue variable after being
moderated has a significant influence with a smaller chi-square probability value
0.0012<0.05 on the dependent variable money circulation. In the long-term causality
modeling Table 7 there is a correction vector for adjusting the short-term period to the long-
term period of 0.9947, which means that around 99.47 percent of the shock imbalance in
Figure 1 from the previous period and normal returns to the balance point after the fifth
period due to the role of other variables in this research. The role of other variables in the
research in Table 9, suggests that as the period increases, the role of the money circulation
variable on economic growth decreases and is replaced by other variables in the research,
a significant increase in the role of regional spending, the influence of the strength of the
Fiscal Independence Index, regional tax revenues and inflation after being moderated.

Statistically, the decline in economic growth in the previous period with a coefficient of -
0.15070, which means that if the economy gets better and increases by 1 percent, it will
have the impact of reducing the amount of money in circulation by 0.15 percent in current
conditions. This agrees with research conducted by (Ismail & Sek, 2020) and (Ullah &
Khan, n.d.). Regional spending in the previous period had a significant influence where the
t-statistic value was higher than the t-table value 2.61387>1.977692 and inflation in the
previous period had a significant influence where the t-statistic value was higher than the
t-table value 2.5669>1.977692 on the dependent variable money supply. This is in
accordance with the inflation theory put forward by (Friedman, 1970).
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The estimation results of the second VEC model, shown in model equation (4), indicate
that in short-term causality modeling Table 8, the economic growth variable has an
influence on regional spending where the chi-square probability is 0.0403<0.05. In the
long-term causality modeling Table 7 there is a correction vector for adjusting the short-
term period to the long-term period of 0.0312, which means that 3.12 percent of the
imbalance is due to the shock in Figure 1 in the previous period and will be normal at the
balance point in the next period due to the role of other variables in this research.

As the time period increases, the role of regional spending will decrease and be replaced
by the role of other variables in Table 9 which give an increase in the research, namely
money supply, regional tax revenues after moderation and economic growth, but this is not
followed by the role of the inflation variable after moderation and the regional Fiscal
Independence Index which experiences a downward trend. Statistically, the influence of
economic growth in the previous period has a coefficient of 0.561286, which suggests that
a 1 percent increase in economic growth in the previous period will increase regional
spending by 0.56 percent. This is not in line with the research of (Abu Hasan, 2016) and in
line with the research of (Soharwardi et al., 2022) and (Ullah & Khan, n.d.). Economic
growth in the previous period had a significant influence where the t-statistic was greater
than the t-table 3.11409>1.977692 and the impact of money supply in the previous period
had a significant influence where the t-statistic was greater than the t-table
2.46569>1.977692 on regional spending.

The third VEC model estimate shown by model equation (5) indicates that modeling with
short-term causality Table 8 does not have a significant variable on the dependent variable,
namely the regional Fiscal Independence Index, where the chi-square and probability
values for all variables are above 0.05. In the long-term causality modeling Table 7, there
is a correction vector for adjusting the short-term period to the long-term period of 0.0059,
which means that 0.59 percent of the imbalance is due to the shock in Figure 1 of the
previous period and will return to the balance point in the next period due to the role of
other variables in the research in line with the research of (Syakur et al., n.d.) and (Bildirici
etal., 2023).

As the time period increases, the role of the regional Fiscal Independence Index variable
decreases and is replaced by the role of other variables in Table 9 which give an increase
in the research, namely money supply, regional tax revenues after moderation and inflation
after moderation, but this is not followed by the role of the economic growth variable which
experiences a downward trend. Statistically, the influence of economic growth in the
previous period has a coefficient of -0.438639, which means that a 1 percent increase in
economic growth in the previous period will reduce the performance of the Fiscal
Independence Index by 0.44 points. Economic growth in the previous period had a
significant influence where the t-statistic was greater than the t-table value
3.68800>1.977692, regional spending in the previous period had a significant influence
2.47047>1.977692 and inflation in the previous period had a significant influence
3.34494>1.977692 on the Fiscal Independence Index.
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The estimation results of the fourth VEC model, shown in model equation (6), indicate that
modeling with short-term causality Table 8, the money circulation variable has an influence
on chi-square and probability 0.0004<0.05 and the regional Fiscal Independence Index
variable has a significant influence 0.0068<0.05 on economic growth. Modeling with long-
term causality Table 7 there is a correction vector for adjusting the short-term period to the
long-term period of 0.01348, which means that 0.1348 percent of the shock imbalance in
Figure 1 in the previous period will return to normal to the balance point in the next period
due to the role of the innovation variable in this research in line with the research of (El
Husseiny, 2023).

The impact of other variables in this research can be seen in Table 9, where as the time
period increases, the influence of economic growth itself will decrease and be replaced by
the role of other variables which experience an increasing trend in the role of the variables
of money supply, regional spending, regional Fiscal Independence Index, regional tax
revenues and inflation after being moderated. Economic growth in the previous period had
a coefficient of 0.180, which means that a 1 percent increase in economic growth in the
previous period will increase economic growth performance by 0.180 percent in the current
period. In the long-term model Table 7 there are no variables that influence the dependent
variable economic growth, where the t-statistic value is smaller than the t-table value.

The estimation results of the fifth VEC model, shown in model equation (7), indicate that
modeling with short-term causality Table 8 economic growth variables have a significant
influence with chi-square and probability values 0.0393<0.05, money supply 0.0000<0.05
and regional spending 0.0371<0.05 on moderated inflation. In the long-term causality
modeling Table 7 there is a correction vector for adjusting the short-term period to the long-
term period of 0.0198, which means that 0.198 percent of the shock imbalance in Figure 3
from the previous period will return to normal at the balance point in the next period. This
is due to the role of other variables in the research in line with the research of (M. L. T.
Nguyen & Bui, 2022).

The influence of the role of other variables in this research can be seen in Table 9, where
as the time period increases, the role of the inflation variable after moderation will decrease,
replaced by an increasing role in the variables of economic growth, money supply, regional
Fiscal Independence Index, regional tax revenues after moderation, while the role of
regional spending will experience a decreasing trend. Economic growth in the previous
period had a coefficient of -4.530243, which means that a 1 percent increase in economic
growth will reduce inflation by 4.53 percent in the current period. This agrees with research
conducted by (Khosravi & Karimi, 2010) but is not in line with research conducted by
(Muhafidin, 2020). The money supply variable for the previous period has a significant
influence with a t-statistic value greater than the t-table 5.35236>1.977692, the regional
Fiscal Independence Index variable for the previous period 3.52759>1.977692 and the
inflation variable which has been moderated in the previous period 3.8410>1.977692 on
the dependent variable inflation.
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The final estimate of the sixth VEC model, shown in model equation (8), indicates that
modeling with short-term causality Table 8, the money circulation variable has an influence
on local tax revenues after being moderated by chi-square and a probability value of less
than 0.05 0.0000<0.05. Modeling with long-term causality Table 7 there is an adjustment
correction vector from the short-term period to the long-term period of 0.0198, which
means that 1.98 percent of the imbalance due to shock in Figure 1 from the previous period
will return to normal in the next period as a result of the role of other variables in this
research. in line with the research of (Alavuotunki et al., 2019).

The influence of the role in Table 9, as the time period increases, the role of other variables
fluctuates greatly up and down. Economic growth in the previous period had a coefficient
0f 0.0028, which means that a 1 percent increase in economic growth will increase regional
tax revenues after being moderated by 0.0028 percent in the current period. This agrees
with research conducted by (Adegboyo et al., 2021) (Tiony, 2023) and (Terblanche et al.,
2024). The inflation variable after being moderated in the previous period has a significant
influence on regional tax revenues after being moderated with a t-statistic value greater
than the t-table value 2.7031>1.977692.

In the VEC model equation, there is a Gini Index variable which acts as a moderating
variable in the regional tax revenue and inflation variables, which has a significant
influence with a probability value of less than 0.05. This can be seen from its role in model
equation (3) in the short-term relationship as well as in model equations (3), (5), (8) and
(9) in the short-term relationship, that moderated inflation strengthens the relationship with
the dependent variable.

6. Conclusion

The collaboration of monetary policy and fiscal decentralization in maintaining
macroeconomic stability is a policy instrument that is in line with economic growth and
controlling inflation in the region. The short-term causality of the role of monetary policy
which is proxied by the circulation of money has a significant influence on economic
growth. This suggests that the more effective monetary policy is, the more independent the
region in fiscal independence has a significant influence on economic growth. In a long-
term relationship, all variables studied in the previous period have no influence on
economic growth in the current period.

Inflation moderated by the Gini Index variable has a significant influence, where the shock
interval in Figure 1 is the largest compared to other variables, followed by the regional
expenditure variable which greatly influences economic growth at the beginning of the
period. This is because the greater the inequality gap in per capita income, the worse the
inflation will be, while in terms of regional expenditure it has not yet fully demonstrated
productive expenditure performance in controlling regional inflation.

The existence of a moderating variable by the Gini Index in the regional tax revenue
variable causes regional tax revenues not to reach the optimum point, especially taxes
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imposed on individuals, so that in the long-term and short-term causality relationship
regional tax revenues do not have a significant influence on economic growth. Regional
governments must reduce the Gini Index inequality gap which can affect inflation by
intervening in regional spending to support the people's economic activity in the Micro,
Small and Medium Enterprises (MSME) theme, providing regional fiscal relaxation for
small industries (home industry).

Control inflation with massive simultaneous movements for the community by changing
the consumer mindset to producers, controlling commodity prices and regional spending
interventions for connectivity between regions so that distribution flows smoothly.
Maximize tax opportunity patterns so as to strengthen local taxing power based on regional
tax databases to reduce dependence on central transfers and make regional Fiscal
Independence Index performance more independent.

Many previous studies have studied the relationship between inflation in influencing
economic growth, where this research is in accordance with inflation theory, if inflation
performance gets worse, it will cause disruption to other variables in the macro economy,
but in this study, inflation which has been moderated by the Gini Index variable, will
strengthen the inflation variable, the greater the gap in the Gini Index will worsen inflation
performance and can disrupt economic growth. Recommendations for further research to
examine regional tax opportunity variables in strengthening local taxing power for regional
economic growth.
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1. Introduction

The EU has a population of 447 million people, and the total value of goods and services
produced on its territory (GDP) is 17 trillion euros. In recent years, the population has been
growing in most Member States, but according to Eurostat projections, it is estimated that
from 2035 onward the population in the 27 EU Member States will decrease so that in 2100
it will reach 420 million inhabitants, due to a decrease in the working-age population, and
a simultaneous increase in the number of elderly people. In the long term, the decrease in
the birth ratio in the context of an increase in life expectancy leads to an ageing population.
This has a considerable influence on the sustainability of public finances, amplified by the
increase in public debt in some Member States, the slowdown in economic growth and
global uncertainty.

To mitigate the impact on the economy, fiscal policy strategy should focus on strengthening
fiscal sustainability, rebuilding budgetary buffers, so as to achieve sustainable economic
growth that will ensure the resilience of the EU in the face of any possible crises in the
future. In this regard, various economic and budgetary scenarios have been presented and
are reflected in the 2024 Ageing Report for all EU Member States. The forecasts prepared
by the Economic Policy Committee cover public spending on population ageing for the
period 2022-2070. One of the main findings of the Ageing Report 2024 is related to the
increase in the dependency ratio of the elderly population (over 65 years) to the working-
age population, from three working-age people for every person over 65 years today to less
than two people in 2070, which will increase the pressure on public finances.

2. Literature review

According to the European Commission (2024), the population in the euro area is ageing
and demographic pressure is expected to increase. The birth ratio is insufficient to maintain
a stable population, even if life expectancy continues to increase gradually.

The International Labour Organization (2020) observed that, globally, the median age of
the labour force — comprising people of working age, employed or unemployed but willing
to work — increased from 37.6 years in 2010 to 38.9 years in 2019, with the largest increases
in southern Europe (3.3 years), eastern Asia (2.6 years), south-east Asia (2.0 years) and
South America (2.0 years). In 2019, the regions with the oldest workforces were Southern
Europe (median age 43.9 years), Western Europe (43.2 years) and Eastern Asia (42.1
years).

Van Del Berg et al. (2010) suggest that if the elderly population didn’t have health
problems, they would be productive for longer, moderating the economic effects. The
influence of the ageing workforce on productivity and GDP (Gross Domestic Product) per
capita was also studied by Feyer (2007, 2008) who concluded that the maximum
productivity growth is reached between the ages of 40 and 49. Werding (2008) reached the
same result for OECD countries, while Liu & Westlius (2016) found this conclusion for
Japan. Expanding on Feyer's model, Aiyar & Ebeke (2016) predict a reduction in total
factor productivity for Europe by 0.2% annually between 2014 and 2035.
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The decline in the active population associated with population ageing is assumed to have
anegative impact on productivity and potential growth. As the labour market attracts fewer
people and the participation ratio of older people decreases, labour resources are limited,
negatively influencing potential output (the maximum level of real GDP) through the
labour component (Nerlich & Schroth, 2018).

Population ageing influences both components of labour supply: the active population and
the labour force participation ratio. However, other authors have an opposite view on the
relationship between the elderly labour force and the reduction in labour productivity
(Acemoglu & Restrepo, 2017; Borsch-Supan & Weiss, 2016; National Research Council,
2012; Siliverstovs et al., 2011), since the decline in physical abilities with advancing age
may be compensated by other cognitive abilities.

Demographic challenges put additional pressure also on monetary and fiscal policy, as Liu
& Yang (2018) showed, which expose the countries facing these challenges to fiscal crisis
risks. As the working population continues to decline, tax revenues from personal income
taxes and social contributions are expected to be adversely impacted, which may lead to
fiscal imbalances (Bodnar & Nerlich, 2022). In this case, governments may prefer short-
term policy options such as increasing tax ratios to compensate the fiscal shocks, even if
such measures may distort the economy and generate additional risks (Crowe et al., 2022).

3. Methodology

This paper analyses a series of indicators extracted from the Ageing Report 2024 (published
by the European Commission), as well as other indicators published by Eurostat. I consi-
dered the analysis for the period 2013-2023 because that period reflects important moments
with a major impact on the population and economy of the European Union: the post-eco-
nomic crisis period, the Covid pandemic (2020-2022) and the war in Ukraine (from 2022).

The analysis will use the graphical method to assess the main factors of population ageing
and their influence on the economy. In addition, Pearson statistical correlation was used to
assess the relationships between indicators. The main objective is to identify the degree to
which these factors influence the economy of EU countries.

In this regard, I will assess the reaction of GDP per capita measured in purchasing power
standard (PPS) and pension expenditure to the variation of demographic indicators, such
as life expectancy and the dependency ratio of the elderly population. In order to achieve
the most accurate and objective analysis, other specific indicators will be used, such as: the
divorce ratio, the birth ratio, but also Eurostat projections regarding the dependency ratio
of the population.

4. Results and interpretations

Within this section, several data series on the demography of the European Union and the
influence of various factors of population ageing on GDP per capita (expressed in
purchasing power standard) were analysed and interpreted.
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One of the causes of population ageing is the low birth ratio (number of live births per
woman) compared to the natural replacement ratio. Data recorded for 2022 for 20 European
Union countries for which data were available were analysed. An average birth ratio in the
EU of 1.46 live births per woman is observed, with the lowest birth ratios being recorded
in Malta, Spain, Italy and Lithuania (values below 1.3 live births per woman), while the
highest are recorded in Bulgaria, Romania, Czech Republic (values above 1.6 live births
per woman). One of the factors that exercise an important impact on the birth ratio is the
number of divorces. In 2022, a negative correlation of 31.28% was observed between the
positioning of the Member States from the perspective of these indicators (for 1/3 of
analysed countries, an unfavourable position regarding the birth ratio is associated with a
higher position from the perspective of divorce ratio, which is also observed in Figure I).

Figure 1. The relationship between the divorce ratio and the birth ratio
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Figure 2. The relationship between life expectancy at birth and GDP/place measured in PPS in EU
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Another important factor for population ageing is increasing life expectancy. Figure 2
presents the data recorded in 2023 in European Union regarding the life expectancy at birth
and GDP per capita measured in purchasing power standard (PPS) and highlights a positive
relationship between these.

The countries with the highest life expectancy but also with a high GDP per capita
(measured in PPS) are Luxembourg and Ireland (countries with a life expectancy of over
81 years and a GDP per capita - PPS - of over 80,000 units/capita). At the opposite end are
Bulgaria and Latvia with a life expectancy of just over 75 years and a GDP per capita of
around 24,000 PPS units/capita. In Romania, life expectancy is 76.6 years, compared to the
European Union where it stands at 81.5 years. According to the results, there is a positive
correlation of 51.68% between the analysed indicators, in over half of the cases, the
favorable positioning from the perspective of life expectancy being associated with a
favorable positioning of GDP per capita (PPS), which reflects a positive relationship
between life expectancy and the level of economic development.

In Figure 3, 1 compared the healthy life expectancy with life expectancy at birth for
European Union countries using Eurostat data for 2022. The analysis revealed a gap
(between the examined indicators) ranging from 7.5 years (Bulgaria) to 25.4 years
(Denmark). Even if the results may appear counterintuitive, it is important to take into
consideration the limits of the data, since in more developed countries, people may report
health issues more frequently than those living in poorer countries.

In Romania, the healthy life expectancy is 59 years compared to the life expectancy at birth
of 75.1 years, which reflects a gap of 16.1 years. This reveals a worse position of Romania
compared to the EU-specific value (62.6 years for the healthy life expectancy and 80.6
years for the life expectancy at birth).

Figure 3. Life expectancy in the EU - 2022
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In order to adequately substantiate the analysis, the expectation of healthy years lived for
women and men was also compared, using data for 2022 (Figure 4). The data show that in
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two-thirds of the analysed countries, women live longer than men. The specific value for
the European Union is 62.8 years for women and 62.4 years for men, while in Romania is
59.3 years for women and 58.7 years for men, which shows that women are more
genetically resistant than men and less prone to risk factors (jobs, alcohol, tobacco).

In addition, I analysed the dependency ratio data (the percentage of the population aged
over 65 in the population aged between 15-64) for 2023, while examining the correlation
with the GDP per capita (PPS) for each country (Figure 5).

Figure 4. Expected healthy years lived by gender — 2022
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Figure 5. Relationship between population dependency ratio and GDP/capita (PPS) in the EU (2023)
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The lowest population dependency ratio was recorded in Luxembourg (21.5%) and Ireland
(23.2%), with a GDP per capita expressed in PPS of 90,308.8 PPS units/capita (LU) and
81,217.60 PPS units/capita (IE). At the opposite are Italy, Portugal, and Finland with a
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dependency ratio of 37.8% (with a GDP per capita expressed in PPS of over 30,000 PPS
units/capita) and Bulgaria with 37.7% (with a GDP per capita expressed in PPS of
24,335.70 PPS units/capita). The specific value for the European Union is 33.4% (with a
GDP per capita expressed in PPS of 38,132.0 PPS units/capita), while in Romania the
dependency ration reached 30.7% in 2023 (with a GDP per capita expressed in PPS of
29,694.4 PPS units/capita). The correlation between the positions of the Member States
from the perspective of the two indicators shows a negative relationship, where a lower
dependency ratio is associated with a higher GDP per capita expressed in PPS in 62.91%
of cases.

Figure 6. Evolution of the elderly dependency ratio over the period 2013 — 2023 in the EU Member States
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Figure 7. Relationship between population dependency ratio and pension expenditure (% of GDP) in the EU
(2022)
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The evolution of the dependency ratio over the period 2013-2023 (Figure 6) shows an
increase is observed in all Member States, with the highest increase being recorded in
Poland (+10.4 percentage points) and the lowest in Luxembourg (+1.3 percentage points).
The increase in the dependency ratio puts a high pressure on public finances and on the
increase in pension expenditure (% GDP). In this context, Figure 7 highlights the positive
relationship between the positions of the Member States found in 2022 from the perspective
of dependency ratio and that of the pension expenditure as a percentage of GDP.

The data show that the high dependency ratios are associated with high levels of pension
expenditure (% of GDP) in 49.74% of the analysed cases. The country with the lowest
percentage of GDP allocated to pension expenditure is Ireland (3.87%), which has a
population dependency ratio of 23%, while the highest allocation of GDP to pensions is
found in Italy (15.49%) with a dependency ratio of 37.5% (along with Bulgaria being the
country with the highest dependency ratio in 2022). However, even if demographic
pressures are also observable in Romania, the risks are lower compared to those specific to
other EU countries. To this end, in 2022, pensions expenditure reached 8.3% of GDP in
Romania (compared to the EU value of 12,27% of GDP), while dependency ratio was 2.8
percentage points lower than the EU value (30.3% vs 33.1%)).

Additional data were extracted from FEurostat to support the examination of the
demographic outlooks (forecasts on dependency ratio) up to 2100, both for Romania and
for the European Union (Figure 8). These forecasts have as a starting point 6 hypothetical
scenarios: a baseline scenario in which there are no policy changes, a scenario with a low
birth ratio, a scenario with a low death ratio, a scenario with a high migration ratio, a
scenario with a low migration ratio and a scenario reflecting the absence of migration. In
all scenarios, an upward trend in the dependency ratio is observed over time, with a more
pronounced increase until 2050, after which the growth rate gradually approaches to zero.

Figure 8. Projections regarding the population dependency ratio in the European Union and Romania — time
horizon 2100
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It is worth noting that the dependency ratio, both in Romania and in the EU, starts at around
35% currently and peaks at approximately 65% by the end of the forecast horizon, although
in Romania the trend is slightly more oscillatory. A dependency ratio of 65% is a worrying
prospect, both for Romania and for all the Member States of the European Union, because
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it means a huge pressure on the sustainability of public finances, which will exert negative
effects on future generations. This can only be mitigated if policymakers promote and adopt
policies that encourage active ageing and improve the quality of the health system, while
addressing other demographic challenges through increasing the birth ratio.

5. Conclusions

Population ageing is the result of the interference of several factors that can be managed
through fiscal, social or demographic policies so that the impact on the economy is positive.

The birth ratio is negatively influenced by the divorce ratio due to the reduction in the
number of marriages, and in this regard it is worth mentioning that the divorce ratio is
higher and the birth ratio lower in Western countries where the emphasis is on increasing
the standard of living and on professional achievement to the detriment of the traditional
family. In this context, for the modern woman, childbirth is an option that depends on the
level of information, education, religion, health, age and, last but not least, income, the
number of children compared to the adult population being on a downward trend.
Budgetary allocations for birth ratio increase programs can be sustainable in the long term
in terms of preparing future young people for a faster integration into the labour market.

The increase in purchasing power has positively influenced life expectancy, with a
sustainable economy being able to more easily bear the costs generated by ageing. In this
respect, the analysis confirmed the positive relationship between life expectancy and the
level of economic development measured by GDP per capita (PPS). The difference
between life expectancy at birth (80.6 years for 2022 in the EU) and the healthy life
expectancy (62.6 years) has a significant impact on the public finances of countries. The
cost of pensions and healthcare for an ageing population, against the background of an
increase in the population dependency ratio, can affect fiscal sustainability, the positive
relationship between the population dependency ratio and pension expenditure (% of GDP)
also being confirmed in the analysis carried out.

In addition, the paper highlights that the difference between life expectancy at birth and
that expressed in healthy years lived is greater in the case of Member States with a higher
GDP/capita (PPS), which benefit from better living conditions and medical services. Even
if, from country to country, the expectation of healthy years lived is different, a small
difference (on average 6 months) is observed between men and women in the same country,
in favor of women. It is worth noting that the active period (15-65 years) is difficult to
extend in many countries because it significantly exceeds the expectation of healthy years
lived (in Romania the retirement age is 65 years, and the expectation of healthy years lived
is 59 years).

The dependency ratio has increased in all Member States, the trend being maintained in the
long-term forecasts. Following the hypothetical scenarios that formed the basis for building
the population dependency ratio forecasts for both Romania and the European Union, an
increase in the dependency ratio is expected starting with 2032 once the so-called baby-
boomer generation (the generation born between 1960 and 1970) will retire. The increase
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will be maintained until around 2050 when the growth ratio will be lower. Starting with
2050, the forecasts show differences between the scenarios, the effects of the birth ratio
decrease being reflected more strongly.

Demography has been, is and will be a permanent challenge for the world economy. The
way people live, how long they live, where they live, and how they live has major
implications for macroeconomic indicators. Age, number of children, standard of living are
variables that governments and companies must take into account both in budgetary policy
and in the design of development policies.
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Abstract. The paper explores recent and long-term developments in the public pension system in
Romania, analyzing both the dynamics of the number of pensioners and the average pension, as well
as their relationship with indicators of poverty and social exclusion. The approach combines
descriptive statistical analysis with an econometric perspective, with the main objective of
identifying the main trends and determinants of the sustainability and adequacy of pensions.
Although the nominal increases in the average pension seem consistent, the research highlights that
they are not reflected in an immediate improvement in the standard of living for the elderly. The
comparison between the evolution of pensions and the relative poverty threshold shows that a
significant part of pensioners remains exposed to the risk of economic vulnerability, which raises
essential questions regarding the efficiency of public policies in the field of social protection. The
comparative analysis at the European level highlights significant differences between Romania and
other European Union Member States. While in some Western countries social protection levels
ensure a high degree of economic security for the elderly population, in Central and Eastern Europe
much higher rates of poverty risk persist among pensioners, creating a picture marked by structural
inequalities and disparities. The results obtained confirm the importance of correlating pension
policies with macroeconomic dynamics and social inclusion indicators. They also highlight the need
for reforms that target not only the financial sustainability of the system, but also the adequacy of
benefits, so that they effectively contribute to reducing poverty and increasing the quality of life
among the elderly population.
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Introduction

The issue of public pensions is one of the central themes of social and economic policies
in Romania, with direct implications for the financial sustainability of the system, but also
for the living standards of the elderly. In a context marked by profound demographic
changes — population aging, declining birth rates and migration — and economic volatility,
the public pension system faces complex challenges that require a rigorous analysis of the
main determinants.

This paper investigates developments within the public pension system in Romania, with a
focus on the average state social insurance pension, the total number of pensioners and the
ratio between the average pension and the average gross salary, during the period 1996-
2024. The focus is placed both on recent trends, from the period 2022-2024, and on long-
term dynamics, which reflect the structural transformations of the system and changes in
its fundamental indicators.

The analysis proposes a dual approach. On the one hand, descriptive statistical methods are
used to capture general trends, differences by pension category and territorial disparities at
county level. On the other hand, the research is consolidated by applying a multiple linear
regression model for the period 2014-2024, which allows estimating the relative effects of
some essential macroeconomic variables, such as the average gross salary, inflation and
the dynamics of the pensioner population, on the level of the average pension.

In this framework, the research formulates two working hypotheses:

HI1. The average pension in Romania does not uniformly ensure a decent living for
pensioners, a significant part of whom remain below the relative poverty threshold.

H2. The increase in the average gross salary determines the increase in the average
pension, reflecting the indexation mechanism and the direct correlation between the
dynamics of salary income and the level of social benefits.

By combining descriptive statistical analysis with econometric tools, the study aims to
provide a robust framework for assessing the structural and macroeconomic determinants
of the public pension system, revealing the short, medium and long-term implications, as
well as the intergenerational equity challenges that define the current social protection
model in Romania.

Literature review

Akyol and Atalay (2025) conducted a study on a pension reform in Australia, showing that
raising the eligibility age by seven years reduced the availability of grandparents to provide
informal care for grandchildren, which led to a decrease in the fertility rate of their
daughters, highlighting the intergenerational impact of pension policies on reproductive
decisions. Andersen et al (2021) highlighted that the early retirement reform in Norway
increased the labor supply of the elderly, but amplified income inequality. Anghel and
Ionita (2025) showed that the employment of the elderly reduces the number of pensioners,
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and the demographic effects in Romania are contradictory, which calls for integrated
policies for the sustainability of the pension system. Anghelache and Anghel (2017)
highlighted inequalities in income distribution and the risk of poverty across Member
States, through monetary and non-monetary indicators, and stressed the need for strong
social inclusion measures, focusing on the situation in Romania. Blundell (2023) shows
that poor health explains up to 15% of the decline in employment between 50 and 70 years
old, with stronger effects on the less educated. Borsch-Supan et al (2023) analysed the
trade-offs between the financial and social sustainability of pension reforms, highlighting
their uneven effects on welfare and intergenerational equity and explaining why public
support for these reforms has declined in Europe. Cho and Lee (2025) considered that the
impact of population ageing on pensions increases with decreasing government efficiency,
and better governance supports the sustainability of pension systems. Choi et al (2024)
argued that while access to and quality of healthcare services have increased longevity and
reduced years of life lost, the number of years lived with ill health has increased, requiring
health systems to adapt to the needs of an ageing population. Diaz-Giménez and Diaz-
Saavedra (2025) highlighted that the sustainability of pensions in Europe is threatened by
a failure to adapt to long-term demographic trends, but well-designed reforms of PAYG
systems can improve pension design and bring benefits to all without the risk of short-term
political losses. He et al (2021) analysed the optimal contribution rate for PAYGO
pensions, showing how the age and political influence of older cohorts affect preferences
and contribution adjustments. Hernzs et al (2024) studied the Norwegian early retirement
reform, concluding that work incentives and more flexible access to pensions increased
employment and reduced participation in disability programs. Kitamura and Nakashima
(2025) highlighted that financial incentives, in the form of pension increases or offers of
short-term personal insurance, provided in Japan can postpone the time of claiming public
benefits, highlighting significant differences between individuals. Kudma et al (2019)
studied the impact of pension cuts versus the effect of tax increases, in order to finance
aging-related expenditures, highlighting different effects on welfare and preferences of
generations. Kuitto et al (2021) analyzed the role of public pensions in reducing the risk of
poverty in old age, emphasizing that income-based systems are effective, but do not
significantly help the most disadvantaged pensioners. Mowisch et al (2023) showed that
active time use increases well-being in older people, and that education and income levels
influence how active they remain, even into very old age. Peng and Fan (2025) analyzed
optimal investment strategies in DC pensions and found that access to information
increases investment in stocks, but that a minimum guarantee requirement reduces this
effect. Schmidthuber et al (2021) showed that labor and pension policies have led to an
increase in the retirement age, with visible gender differences in Austria and inequalities
related to education in Germany. Scott (2023) considered that increasing life expectancy
requires adapting economic behaviors and policies to ensure well-being in a longer-living
society. Waddell et al (2025) considered that the term "successful ageing" should be
replaced by "ageing well" and stressed the need for a clear and inclusive definition to more
effectively support healthy ageing.
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Research methodology

To achieve the proposed objectives, the research uses complementary statistical and
econometric methods.

The structure of the empirical analysis follows a gradual logic, intended to capture both the
current situation of pensioners in Romania, as well as long-term developments and the
causal mechanisms that explain these trends. Deliberately, the order of the periods analyzed
is not strictly chronological, but a functional one, built to meet the research objectives.

Thus, the analysis begins with the period 2022-2024, selected for its immediate relevance
in relation to the central issue of the study: the level of pensions and the risk of poverty
among the elderly. This period reflects the impact of the most recent social policies and the
macroeconomic context marked by high inflation, being essential to outline the current
picture of social vulnerabilities.

Subsequently, the study is extended to the period 1996-2024, divided into distinct sub-
periods, in order to follow the evolution of the pension system in the long term, in
correlation with the post-socialist transition, European integration and the stages of
economic convergence. This stage of the analysis has the role of highlighting the structural
dynamics of the relationship between pensions, salaries and demography, as well as the
main breaks or changes in trends.

Finally, in order to capture the causal relationships between the relevant socio-economic
indicators, an econometric model is estimated for the period 2014-2024. The choice of this
interval is justified by the availability and comparability of statistical data, but also by the
need to capture the relationships within a recent period, characterized by significant
transformations in income policies and the labor market. The regression model thus offers
an additional quantitative interpretation, complementary to the descriptive analysis,
regarding the impact of salaries, the number of pensioners and inflation on the level of
pensions.

Therefore, this “stepped” structure allows for a coherent articulation between the current
situation, the overall long-term evolution and the econometric explanations of the
phenomenon, which strengthens both the social relevance and the scientific robustness of
the study.

A comparative analysis is carried out between years and pension categories, also
highlighting the territorial gaps between counties.

The econometric analysis is based on a linear multiple regression model, applied for the
period 2014-2024, which examines the average state social insurance pension as a
dependent variable, in relation to the selected macroeconomic variables. This approach
allows capturing recent relationships between economic and demographic indicators and
the level of pensions, without being influenced by very old historical values. The choice of
the average gross salary is justified by the fact that contributions to the public pension
system (CAS) are calculated and paid from the gross income of employees, and their level
directly influences the funds available for the payment of pensions. Thus, the average gross
salary is the most relevant economic indicator for assessing the financial resources of the
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system and for analyzing the relationship between labor income and social benefits. The
use of net salary or other income indicators would not adequately reflect the pension
financing mechanism and the structural link between salaries and pension levels.

The data source is the National Institute of Statistics, through press releases and the
TEMPO online database, as well as Eurostat, thus ensuring official character and statistical
relevance.

Data, results and discussions

= Recent dynamics of the average number of pensioners and the average monthly pension
in Romania (2022-2024)

Table no. 1 presents the average values regarding the average number of pensioners and
the average monthly pension recorded in the recent period 2022-2024. Choosing a series
of three consecutive years allows the identification of recent trends and provides a clear
picture of the short and medium-term evolution, essential for assessing the sustainability
of the public pension budget. The analysis for this recent period focuses on the relationship
between the average pension and the poverty threshold. This approach allows highlighting
the immediate effects of pension indexation policies and adjustments related to salary
increases. Comparing the average pension values with the poverty threshold provides a
clear picture of the real capacity of the system to ensure minimum social protection, as well
as the socio-economic impact of recent increases in the context of inflation and legislative
changes.

To determine the average monthly pension, the amounts paid to all categories of pensioners
through all pension funds in Romania are taken into account, namely: the National House
of Public Pensions, the Ministry of National Defense, the Ministry of Internal Affairs, the
Romanian Intelligence Service, the State Secretariat for Religions and the Lawyers'
Insurance House. It is important to emphasize that the majority of pensioners are included
in the state social insurance system, which gives statistical and practical relevance to the
analysis of this segment.

Table no. 1. Average number of pensioners and average monthly pension in Romania, 2022-2024

Average number of pensioners Average monthly pension
(thousands of people) (lei)
2022 2023 2024 2022 2023 2024
Total 5004 4980 4959 1855 2113 2580
of which, by retirement system:

Social insurance, 5003 4980 4959 1855 2113 2581
of which, state social insurance 4607 4601 4590 1775 2006 2459
of which, social insurance by pension categories:

- Retirement age 3984 3982 3976 2061 2346 2864
- Early retirement 9 7 5 2480 2828 3405
- Partial early retirement 102 102 102 2108 2522 3200
- Disability 409 402 397 815 888 1041
- Survivor 499 487 479 996 1127 1362

Source: National Institute of Statistics, Press Releases no. 75/29 March 2024 and no. 74/28 March 2025,
authors' systematization.
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The data analysis indicates that the average number of pensioners has decreased slightly,
from 5,004 thousand in 2022 to 4,959 thousand in 2024, reflecting both demographic
effects, such as population aging, declining birth rates, and recent policies regarding the
retirement age. This decrease is also observable within the state social insurance system,
where the number of pensioners has decreased from 4,607 thousand in 2022 to 4,590
thousand in 2024. According to data published by the National Institute of Statistics, during
the period 2022-2024, the ratio between the average number of state social insurance
pensioners and that of employees stabilized at 0.8 (equivalent to 8 pensioners to 10
employees), without variations during the three years analyzed. By comparison, in 2021
this indicator recorded a higher value of 0.9 (9 pensioners per 10 employees), which reflects
a slight improvement in the ratio between the employed and retired population starting with
2022. This evolution suggests a tendency to alleviate the pressure exerted on the public
pension system. The average monthly pension increased from 1,855 lei in 2022 to 2,580
lei in 2024 (+39.1%), with increases in all pension categories. Thus, old-age pensions
increased from 2,061 lei in 2022 to 2,864 lei in 2024, early pensions from 2,480 lei to 3,405
lei, and partially early pensions from 2,108 lei to 3,200 lei. The average disability pension
increased from 815 lei to 1,041 lei, and survivors' pensions from 996 lei to 1,362 lei. This
evolution reflects both legislative adjustments and government policies to increase the
pension point.

Overall, the three-year series allows the observation of recent trends, characterized by a
slight decrease in the number of pensioners and increases in average pensions, highlighting
both the pressure on the pension budget and the efforts to maintain the purchasing power
of pensioners. This analysis provides an empirical framework for evaluating social policies
and the sustainability of the public pension system in the short and medium term.

Over the entire analyzed period, the lowest average monthly state social insurance pension
was recorded in Botosani (948 lei in 2022, 1588 lei in 2023 and 1946 lei in 2024), and the
highest in Hunedoara (2357 lei in 2022, 2667 lei in 2023 and 3197 lei in 2024). During the
same period, Bucharest Municipality consistently ranked second, with 2250 lei in 2022,
2545 lei in 2023 and 3115 lei in 2024. Also, territorial gaps were pronounced, the gap
between the county with the minimum and the maximum value of the average monthly
pension increasing from 948 lei in 2022, to 1079 lei in 2023 and 1251 lei in 2024, which
highlights the increasing regional inequalities in terms of pensioner income.

Although, at first glance, the percentage increases in the average monthly pension within
the state social insurance system seem to be consistent, careful analysis raises the
fundamental question of whether these increases are sufficient to ensure a decent living for
pensioners. In this regard, simply highlighting the percentage increases does not provide a
complete picture of the standard of living of the elderly; it is necessary to compare the value
of the average pension with the relative poverty threshold, which is a recognized indicator
for assessing minimum living conditions.

In Romania, during the analyzed period, the relative poverty threshold evolved as follows:
16,278 lei/person/year in 2022, 19,433 lei/person/year in 2023 and 23,262 lei/person/year
in 2024. This implies that pensioners who received monthly pensions below 1,356.5 lei in
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2022, 1,619.4 lei in 2023 and 1,938.5 lei in 2024 are below the relative poverty threshold
and can be considered persons at risk of poverty.

This situation means that, despite nominal increases in pensions, a large part of the elderly
population remains economically vulnerable. The comparative analysis between the
average pension and the relative poverty threshold shows that percentage increases do not
automatically reflect increased purchasing power and the achievement of a comfortable
standard of living, which emphasizes the need for public policies aimed at ensuring the
sustainability and adequacy of pensions, especially for vulnerable categories.

Figure no. 1. Retired persons at risk of poverty or social exclusion, age class 65 years or over, in Romania,
compared to the EU and some selected member states, during the period 2022-2024 (%)
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Source: authors’ representation based on Eurostat data, Persons at risk of poverty or social exclusion. Statistics
Explained, accessed 25 August 2025.

In Romania, in 2022, 36.4% of pensioners aged 65 or over were at risk of poverty, a very
high percentage compared to the European average of 19.1%. In 2023, this indicator
decreased to 31.1%, suggesting an improvement in the situation, although the level remains
almost double the EU27 average (18.5%). The downward trend continued in 2024, when
the percentage of pensioners aged 65 or over at risk of poverty reached 27.7%, indicating
a positive evolution, but the level remains significantly above the European average of
18.0%. Within the EU27, the values reflecting the proportion of pensioners at risk of
poverty are almost two times lower than those recorded in Romania.

Looking at other relevant European references, Bulgaria has a very high level of pensioners
aged 65 or over at risk of poverty, with 48.3% in 2022, 36.8% in 2023 and 38.3% in 2024,
characterised by greater fluctuations. Estonia has the highest values in the European Union,
with 62.2% in 2022, 55.8% in 2023 and 47.5% in 2024, however showing a downward
trend. Lower percentages, below the EU27 average, were recorded in France (between
14.5% in 2022 and 13.8% in 2024) or Sweden (11.5% in 2024).
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In conclusion, during the years 2022-2024, Romania consistently presented a poverty level
among pensioners aged 65 or over much higher than the EU27 average. However, a gradual
decreasing trend in the percentage can be noted, indicating a slow improvement in the
situation. Comparatively, the Nordic and Western European countries record much lower
rates, below the European average, reflecting more effective social protection for
pensioners. In contrast, in Eastern Europe, fluctuations are more pronounced, and in some
states, such as Estonia and Bulgaria, the level remains extremely high, highlighting
considerable inequalities within the European Union.

= Longitudinal analysis of the main statistical indicators regarding the public pension
system in Romania (1996-2024))

Table 2 presents an extended series for the period 1996-2024, covering a long period,
including several historical stages and significant reforms of the pension system. The aim
is to identify long-term trends and assess how legislative changes, economic crises and
labor market developments have influenced the level of pensions and their correlation with
salaries. The period is analyzed in relevant sub-stages, which allows for a detailed
examination of the effects of different policies and a comparison of the system's
performance over time. Indicators such as the average state social insurance pension, the
number of pensioners and the average gross salary earning are analyzed, along with the
ratio of average state social security pension to average gross salary earnings, an essential
indicator for assessing the equity and sustainability of the public pension system.

Table no. 2. Key statistical indicators regarding the public pension system in Romania, during the period 1996-2024

Average state social security Average gross salary State social security AV AGSE
Year pension earnings pensioners ratio (%)"
lei A(%) lei A(%) thousand people A(%)

1996 123988 - 426038 - 3652 - 29.10
1997 254917 105.60 843316 97.94 3782 3.56 30.23
1998 388228 52.30 1318605 56.36 3924 3.75 29.44
1999 669777 72.52 1921754 45.74 4074 3.82 34.85
2000 911321 36.06 2840449 47.81 4246 4.22 32.08
2001 1305119 43.21 4220357 48.58 4426 4.24 30.92
2002 1634945 25.27 5320559 26.07 4535 2.46 30.73
2003 1870402 14.40 6637868 24.76 4570 0.77 28.18
2004 2321110 2410 8183317 23.28 4597 0.59 28.36
2005 267 15.09 968 18.34 4611 0.30 27.58
2006 3N 16.48 1146 18.39 4633 0.48 27.14
2007 399 28.30 1396 21.82 4643 0.22 28.58
2008 593 48.62 1761 26.15 4664 0.45 33.67
2009 711 19.90 1845 477 4718 1.16 38.54
2010 739 3.94 1902 3.09 4767 1.04 38.85
2011 773 4.60 1980 4.10 4744 -0.48 39.04
2012 778 0.65 2063 4.19 4702 -0.89 37.M
2013 809 3.98 2163 4.85 4681 -0.45 37.40
2014 845 4.45 2328 7.63 4682 0.02 36.30
2015 886 4.85 2555 9.75 4683 0.02 34.68
2016 931 5.08 2809 9.94 4678 -0.11 33.14
2017 1026 10.20 3223 14.74 4678 0.00 31.83
2018 1126 9.75 4357 35.18 4684 0.13 25.84
2019 1247 10.75 4853 11.38 4672 -0.26 25.70
2020 1450 16.28 5213 742 4675 0.06 27.82
2021 1602 10.48 5535 6.18 4654 -0.45 28.94
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Average state social security Average gross salary State social security

Year pension earnings pensioners ‘:‘;I*:&S;E
lei A%) lei A%) thousand people A(%)

2022 1775 10.80 6126 10.68 4607 -1.01 28.97

2023 2006 13.01 7042 14.95 4601 -0.13 28.49

2024 2459 22.58 8508 20.82 4590 -0.24 28.90

Notes: for the year 2024, the value of the average gross salary indicator was estimated by the author, based on
the average monthly values published by the National Institute of Statistics in the Press Releases during the
period 2024-2025; * authors' calculations; A(%) = change compared to the previous year, ™ AV_AGSE ratio =
Ratio of average state social security pension to average gross salary earnings.

Source: National Institute of Statistics, tempo online, accessed on August 23, 2025.

During the period 1996-2024, the average state social insurance pension, expressed in
absolute values, recorded a spectacular increase, from 123,988 old lei (approximately 12
new lei) in 1996 to 2,459 lei in 2024, which means an increase of almost 200 times. This
evolution was determined by the denomination of the national currency in 2005, the
application of successive indexation mechanisms and the decisions to increase the pension
point. However, the analysis of the growth rates compared to the previous year allows for
a more complex interpretation, of a cyclical type, in which economic and social political
factors are combined. Thus, between 1996 and 2001, pensions recorded very high annual
increases, between 36% and 105%, amid the recovery of galloping inflation and the initial
adjustment reforms, and the 105% jump in 1997 clearly reflects the accelerated indexations
imposed by an inflation of over 150%. During the period 2002-2007, the growth rates
moderated to 15-28%, with macroeconomic stabilization and the reduction of inflation, but
these increases were lower than the salary increases, which led to a decrease in the
pension/salary ratio to values of 27-29%. The 2008-2010 period saw two distinct phases: a
strong increase in 2008 (+48.6%), followed by a drastic slowdown during the financial
crisis, when pensions were protected, but their growth rate decreased to 3-20%. In 2011-
2017, the dynamics were modest, with indexations of 0.6-10% annually, oriented more
towards preserving the real value than towards significant increases. The period 2018-2020
brought an acceleration of the pace, between 10% and 16% annually, as a result of
successive increases in the pension point, especially in 2019 and 2020. The period 2021-
2024 was marked by new significant increases, reaching an advance of +22.6% in 2024,
the result of post-pandemic inflationary pressures and government decisions to increase
pensions.

The average gross salary increased from 426,038 old lei (approximately 43 new lei) in 1996
to 8,508 lei in 2024, which means an increase of about 200 times. This dynamics highlights
a long-term convergence between the growth rate of salaries and pensions, even if there
were significant temporary gaps. During the period 1996-2001, salaries recorded increases
ranging between 45% and 98% annually, as a result of hyperinflation and the initial
economic liberalization reforms. The interval 2002-2007 brought consistent rates, of 18-
27% annually, but more moderate than in the 1990s, reflecting macroeconomic
stabilization and Romania's preparation for accession to the European Union. The year
2008 marked a 26% increase, despite international turbulence, due to domestic salary
policies. In contrast, between 2009 and 2013 there was a massive slowdown, with values
below 5% annually in 2009-2011, reflecting the impact of the financial crisis and austerity
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measures. The recovery took place during the period 2014-2017, when salaries increased
by 7-15% annually, against the backdrop of economic expansion and fiscal easing. The
year 2018 was marked by an explosive growth of 35.2%, driven by the transfer of social
contributions from employer to employee and salary increases in the public sector. Between
2019 and 2024, salaries followed a moderate but constant pace of 7-21% annually, and in
2024 the estimated increase of 20.8% reflects both the impact of high inflation and union
pressure for salary adjustments.

Figure 2 graphically represents the evolution of the average state social insurance pension
and the average gross salary, recorded during the period under analysis.

Figure no. 2. Evolution of the average state social insurance pension and the average gross salary, during the
period 1996-2024
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Source: authors’ representation.

The number of pensioners initially increased from 3.65 million in 1996 to around 4.7
million in 2010-2014, after which it started to decline slightly, reaching 4.59 million in
2024. This evolution reflects both demographic changes, such as population ageing,
declining birth rates and labour migration, and legislative reforms, in particular the increase
in the retirement age. Between 1996 and 2001, the number of pensioners grew steadily, at
an annual rate of 3.5-4.2%, due to the entry of the baby boomers into retirement. During
the period 2002-2008, the growth rate slowed to less than 1% per year, indicating the
reaching of a structural ceiling of around 4.6-4.7 million pensioners. During 2009-2010,
there was a slight increase, reaching a maximum of 4.767 million in 2010, after which,
between 2011 and 2024, the number of pensioners gradually decreased, by approximately
—0.1% to —1% annually, to the level of 4.59 million in 2024. This decrease is determined
by the combination of the increase in the retirement age, labor migration and the decrease
in the birth rate recorded after 1990. Another important indicator that must be analyzed in
the study of the public pension system is the ratio between the average state social insurance
pension and the average gross salary, which measures the degree of replacement of salary
income by pension and represents an essential indicator for assessing the sustainability and
adequacy of the public pension system.
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Figure no. 3. Evolution of the ratio between the average state social security pension
and the average gross salary
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Between 1996 and 2002, the ratio of the average state social security pension to the average
gross salary was relatively stable, ranging between 29% and 31%, with a peak of 34.9% in
1999, in the context of an economic crisis and high inflation, which eroded salaries more
than pensions. Between 2003 and 2007, the ratio recorded a downward trend, oscillating
between 27% and 29%, as a result of the accelerated growth of salaries determined by
European integration and foreign investments, which exceeded the pace of pension
increases. Between 2008 and 2014, this ratio was high, reaching highs of 38-39% in 2009-
2011, due to social protection policies applied during the global financial crisis; During this
period, pensions were better protected than salaries, which stagnated or even decreased,
and during the austerity years, salaries grew slowly. In 2015-2017, there was a downward
trend, from 33% to 32%, reflecting faster salary growth in the context of fiscal easing and
economic expansion. In 2018-2019, the ratio reached a historical low of 25.7%, as a result
of explosive salary increases following the transfer of social contributions and salary
increases in the public sector, while pensions could not immediately keep up. Finally, in
2020-2024, the ratio stabilized around 28-29%, indicating a structural balance between
income and pensions and maintaining pensions at just under a third of average gross
earnings.

= Econometric modeling of the interdependencies between the average state social
insurance pension and the dynamics of some macroeconomic variables

The period 2014-2024 is used to build a regression model aimed at measuring the
quantitative relationship between the average state social insurance pension, considered as
the dependent variable, and three independent variables: the average gross salary, the
number of pensioners in the state social insurance system and the consumer price index of
the population. In this sense, multiple regression is applied, which allows the simultaneous
assessment of the influence of each variable on the average pension. This methodological
step provides a clear picture of recent trends in salary earnings and demographic pressure,
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focusing on current data and avoiding the inclusion of very old historical values, which
could distort the interpretation of quantitative relationships in the recent context of the
pension system.

Figure no. 4. Descriptive statistics of the variable "Average state social insurance pension”
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The histogram and descriptive statistics presented for the “AP” series (2014-2024) show
that the average pension of pensioners in the state social insurance system has an average
value of 1,395.7 lei, with a relatively large dispersion (standard deviation of 519.9),
indicating significant variability between years. The distribution is positively skewed
(skewness = 0.76), which suggests that there are years with higher values of the average
pension that pull the average up. The kurtosis of 2.51 indicates a slightly platykurtic
distribution, close to normality. The Jarque-Bera test (probability = 0.557) confirms that
there is no statistical evidence to reject the hypothesis of the normality of the series, so the
data can be considered approximately normally distributed.

The graphical representation of the data series on the average gross salary (AGSE) and the
average state social insurance pension (AP) (Figure no. 4) in the form of a point cloud
shows a clear positive relationship between the two variables. As AGSE increases, AP
increases proportionally, and the points seem to align approximately on a straight line. This
suggests that the use of a linear regression to model AP according to AGSE is justified.

In the analysis of the correlation between the four proposed variables, the following
multiple linear regression model is used:

AP =x9 +x; x AGSE +x; x NP +x3 x CPI + ¢ (1)

where:

AP = average state social insurance pension;

AGSE = average gross salary earnings;

NP = number of pensioners in the state social insurance system;
CPI = consumer price index of the population (previous year =100);
Xo, X1, X2, X3 = parameters of the linear regression model;

¢ = residual value of the regression model.
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Table no. 3. Estimation of regression model parameters by the least squares method

Dependent Variable: AP
Method: Least Squares
Date: 08/24/25 Time: 13:05

Sample: 2014 2024
Included observations: 11

Variable Coefficient Std. Error t-Statistic Prob.

C 26352.56 5068.718 5.199058 0.0013

AGSE 0.199766 0.017012 11.74242 0.0000

NP -5.215966 1.014965 -5.139059 0.0013

CPI -15.65550 5.597666 -2.796790 0.0266

R-squared 0.993619  Mean dependent var 1395.727
Adjusted R-squared 0.990885  S.D. dependent var 519.9027
S.E. of regression 49.63695  Akaike info criterion 10.92264
Sum squared resid 17246.79  Schwarz criterion 11.06733
Log likelihood -56.07450  F-statistic 363.3563
Durbin-Watson stat 1.880166  Prob(F-statistic) 0.000000

Source: Authors’ representation.

AP =xp+ 0.199766 x AGSE -5.215966 < NP -15.65550 x CPI + ¢ 2)

The results presented in Table no. 3 highlight a strong correlation between the variables
included in the multiple linear regression model and the level of the average state social
insurance pension (AP).

Thus, the coefficient associated with the average gross salary (AGSE) is positive and
statistically significant (p < 0.001), which confirms the hypothesis that an increase in the
average salary determines the increase in the average pension, given the indexation
mechanism and the correlation of income from work with social benefits. An increase of
100 lei in the average gross salary leads to an increase of +20 lei in the average pension. It
is the direct and strongest relationship (reflects the indexation and correlation of pensions
with salaries).

In contrast, the coefficient related to the number of pensioners (NP) is negative and
significant (p <0.01), suggesting that an increase in the population in payment puts pressure
on the sustainability of the system and tends to reduce the average pension, reflecting a
wider distribution of available resources. An increase of 1,000 pensioners reduces the
average pension by ~5 lei. The explanation: limited budgetary resources cause more
beneficiaries to “dilute” the available fund.

At the same time, the consumer price index (CPI) also presents a negative and statistically
significant effect (p <0.05), which indicates that inflation erodes the real value of pensions,
affecting the system’s ability to maintain the purchasing power of beneficiaries. If prices
increase by 1 pp, the real average pension decreases by 15 lei, which shows that indexations
do not immediately compensate for inflation.
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Figure no. 6. Coefficients of the regression model regarding the average pension
in the state social insurance system

0.199766

AGSE
-5.215966

-15.6555

Source: Authors’ representation.

The interpretation of the bar graph confirms the relevance of the coefficients estimated by
multiple regression. The green bar, corresponding to the AGSE variable, highlights that the
average gross salary has the largest positive effect on the average pension, which suggests
that an increase in it directly contributes to improving the level of benefits in the pension
system. In contrast, the red bar, associated with the NP variable, shows the negative and
significant impact of the increase in the number of pensioners on the average pension,
which reflects the demographic pressure on the system's resources. This visual
representation completes the statistical analysis, making it easier to understand that
economic factors (AGSE) stimulate the increase in pensions, while demographic factors
(NP) limit this evolution. At the same time, the role of the CPI, which functions as a control
variable for purchasing power, must be emphasized. Even in the conditions of an increase
in the average pension determined by the AGSE, if the CPI dynamics are accelerated, the
net effect on the real welfare of pensioners may be eroded. The interaction between
structural determinants (AGSE, NP) and macroeconomic factors (CPI) highlights the
importance of integrating the nominal and real dimensions in the analysis of the
sustainability and adequacy of the pension system.

The global indicators of the multiple regression model show good robustness of the
estimation: the R-squared value of 0.9936 and the adjusted value of 0.9909 indicate that
approximately 99% of the variation in the average pension is explained by the introduced
independent variables. The high and significant F-statistic (p < 0.001) confirms the general
validity of the model, and the value of the Durbin-Watson statistic (1.88) suggests an
absence of autocorrelation of the residuals, which supports the consistency of the results.
Overall, the model used describes with a high degree of accuracy the relationships between
macroeconomic indicators and the level of the average state social insurance pension,
highlighting both the structural dependence on salary dynamics and the vulnerability in
relation to the number of beneficiaries and inflationary pressures.

Conclusions

The analysis confirms the research hypotheses regarding the economic and demographic
factors influencing the level of the average state social insurance pension. During the period
1996-2024, average pensions have proven to be relatively flexible in relation to earnings,
but visible gaps appear during periods of rapid salary growth or during economic crises,
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reflecting the sensitivity of the system to the macroeconomic context. The number of
pensioners has remained stable, around 4.6-4.7 million people, indicating constant pressure
on the public budget, even in the context of a recent decline. The average pension/salary
ratio illustrates the transition from episodic protection during the 2008-2011 crisis to the
period 2018-2024, characterized by relative stability, with values around 28-29%, signaling
a gradual but limited adjustment of the system to economic realities.

The results support hypothesis H1, highlighting that, although Romania recorded a slight
improvement between 2022 and 2024, the poverty rate among pensioners over 65 remains
high, confirming the structural vulnerability of the pension system. Compared to Western
European countries, where social protection for the elderly is much more robust, Romania
is in a fragile position, while also approaching Eastern countries with extremely high
values. This situation emphasizes the need to strengthen redistribution mechanisms and
adapt social policies to the domestic economic and demographic context. Hypothesis H2,
according to which the increase in the average gross salary determines the significant
increase in the average pension, is supported by the multiple regression model, the
associated coefficient AGSE being positive and statistically significant. This demonstrates
the direct link between gross income and social benefits and confirms the efficiency of the
pension indexation mechanism in relation to salary earnings. The average gross salary
exerts the strongest positive effect on the average pension, while the increase in the number
of pensioners and the consumer price index negatively influence its level, highlighting the
way in which economic and demographic factors interact and underlining the
vulnerabilities of the system in the face of inflationary and demographic pressures.

The average pension/salary ratio, used as an indicator of the adequacy and fairness of the
system, reflects the cumulative influence of salaries, inflation and demographic factors, and
the negative coefficient associated with the consumer price index confirms that inflation
reduces the real purchasing power of pensioners, even in the context of nominal pension
increases.

Overall, the public pension system in Romania provides social stabilization and minimum
protection to pensioners, adjusting benefits according to salary developments, without
guaranteeing the full maintenance of the standard of living after retirement. The average
pension/salary indicator reflects both the adequacy and the limits of the system in ensuring
intergenerational equity and long-term budgetary sustainability, highlighting the persistent
challenges and the need for more efficient social policies, adapted to the current economic
and demographic context.

References

Akyol, P. and Atalay, K. (2025). The intergenerational impact of pension reforms: How
grandmothers’ pension eligibility affects daughters’ fertility. Economics Letters, 248, March,
112239.

Andersen, A.G., Markussen, S. and Reged, K. (2021). Pension reform and the efficiency-equity trade-
off: impacts of removing an early retirement subsidy. Labour Economics, 72, 102050.



148 Madalina-Gabriela Anghel, Elena lonita

Anghel, M.G. and Ionita, E. (2025). Analysis of the influence of population structure on the
dynamics of the number of pensioners in Romania. Romanian Statistical Review, Supplement,
Trim. 2, pp. 76-85.

Anghelache, C. and Anghel, M.G. (2017). The European Union's strategy for increasing the living
conditions of the population in the member states. Theoretical and Applied Economics, XXIV,
3 (612), Autumn, pp. 5-18.

Blundell, R., Britton, J., Dias, M.C. and French, E. (2023). The impact of health on labor supply
near retirement. Journal of Human Resources, 58(1), pp. 282-334.

Borsch-Supan, A., Hértl, K., Leite, D.N. and Ludwig, A. (2023). Preventing reforming unequally.
Journal of Population Economics, 36, pp. 2889-2924.

Cho, D. and Lee, K. (2025). Pension sustainability and government effectiveness in the presence of
population aging. Economic Modelling, 147, June, 107048.

Choi, M., Sempungu, J.K., Lee, E.H., Lee, Y.H. (2024). Living longer but in poor health: Healthcare
system responses to ageing populations in industrialised countries based on the findings from
the Global Burden of Disease study in 2019, BMC Public Health, 12, 576.

Diaz-Giménez, J. and Diaz-Saavedra, J. (2025). Public pensions reforms: Financial and political
sustainability. European Economic Review, 175, June, 104988.

He, L., Liang, Z., Song, Y. and Ye, Q. (2021). Optimal contribution rate of PAYGO pension.
Scandinavian Actuarial Journal, (6), pp. 505-531.

Hern@es, E., Markussen, S., Piggott, J. and Reed, K. (2024). The impact of pension reform on
employment, retirement, and disability insurance claims. Journal of Population Economics,
37,76.

Kitamura, T. and Nakashima, K. (2025). Financial incentives for delaying the public pension
claiming age. Journal of Behavioral and Experimental Finance, 45, March, 101009.

Kudrna, G., Tran, C. and Woodland, A. (2019). Facing demographic challenges: pension cuts or tax
hikes? Macroeconomic Dynamics, 23(2), pp. 625-673.

Kuitto, K., Madia, J. and Podesta, F. (2021). Public Pension Generosity and Old-Age Poverty in
OECD Countries. Journal of Social Policy, 52 (2), pp. 256-275.

Mowisch, D., Brose, A. and Schmiedek, F. (2023). Active time use and well-being in older
adulthood: Results from a day reconstruction method study. Work, Aging and Retirement, 9(1),
pp- 7-18.

Peng, X. and Fan, S. (2025). Asset allocation for a DC pension plan with dynamic attention. Finance
Research Letters, 82, September, 107513.

Schmidthuber, L., Fechter, C., Schroder, H. and Hess, M. (2021). Active ageing policies and
delaying retirement: comparing work-retirement transitions in Austria and Germany. Journal
of International and Comparative Social Policy, 37 (2), 176-193.

Scott, A.J. (2023). The economics of longevity - An introduction. The Journal of the Economics of
Ageing, 24, 100439.

Waddell, C., Van Doorn, G., Power, G. and Statham, D. (2025). From Successful Ageing to Ageing
Well: A Narrative Review. The Gerontologist, 65 (1), 8

*** National Institute of Statistics, Press Releases no. 75/29 March 2024 and no. 74/28 March 2025,
tempo online database.

*** Eurostat, Persons at risk of poverty or social exclusion. Statistics Explained.



Theoretical and Applied Economics
Volume XXXII (2025), No. 3(644), Autumn, pp. 149-160

Productivity shocks, exchange rate and migration:
a new open economy macroeconomics approach

Wataru JOHDO
Tokyo Keizai University, Japan
johdo@tku.ac.jp

Abstract. This paper uses the Redux model to analyze the impact of migration on the effects of
productivity shocks on consumption and the exchange rate in one country. We demonstrate that,

when the elasticity of substitution between two goods is high, an increase in productivity in the home
country decreases the level of consumption in that country. Conversely, if the rate of time preference
is low, the relative consumption level in the home country increases due to the productivity shock.

Additionally, when the rate of time preference is low, an increase in productivity causes the country's

currency to appreciate.

Keywords: productivity shocks, redux model, migration, exchange rate, consumption.

JEL Classification: E21, F16, F22, F31, F41, J61.



150 Wataru Johdo

1. Introduction

This paper uses the New Open Economy Macroeconomics (NOEM) model to show the
effects of productivity shocks on consumption and world welfare through exchange rate
changes and international worker migration. Until now, the effects of productivity shocks
analyzed using NOEM have been considered changes in the leisure-consumption
preference parameter in the utility function. In Obstfeld and Rogoff's (1995) two-country
Redux model, a forerunner of the NOEM model, a productivity shock is defined as a
decrease in the preference for leisure over consumption and does not necessarily reflect a
change in firms' productivity. On the one hand, Obstfeld and Rogoff (1995) show that a
relative productivity shock in the home country increases the home country's consumption
level relatively and causes the home currency to appreciate. On the other hand, many
researchers have conducted extensive research analyzing the impact of expansionary
monetary policies or increases in government spending that directly increase aggregate
demand V. Surprisingly, however, no papers other than Obstfeld and Rogoff (1996) analyze
the impact of productivity shocks using the NOEM model. In this paper, we focus on the
productivity parameter of the firm's production function, capturing productivity shocks as
changes to it. Additionally, unlike previous NOEM studies, our model takes into account
labor mobility across international borders. Thus, our model allows us to demonstrate how
a rise in relative productivity in the home country affects each country's consumption and
exchange rate through international worker migration. This study contributes to the NOEM
literature by showing the macroeconomic effects of productivity shocks through
international worker migration, a topic that has been overlooked in the NOEM. In recent
years, the migration of workers from emerging market countries to developed countries in
search of higher wages has expanded rapidly. This means that, if nominal wages are sticky,
changes in nominal exchange rates affect worker migration. Changes in nominal exchange
rates affect both countries' price indexes, altering relative real wages and resulting in
international worker migration. The NOEM literature has constructed dynamic general
equilibrium models of open economies that incorporate microfoundations, a feature lacking
in the Mundell-Fleming model. These models have analyzed the international spillover
effects of various policy shocks. However, most NOEM models with nominal wage rigidity
assume that workers cannot cross borders. Consequently, few studies have investigated the
relationship between international labor mobility, nominal exchange rates, and
consumption. One exception is Johdo (2022). This study endogenizes international worker
mobility in a NOEM model and shows the international spillover effects of expansionary
monetary shocks. However, this study only shows the international spillover effects of
policy shocks affecting the demand side and does not show those of productivity shocks
affecting the supply side.

In this paper, we show that an unanticipated permanent productivity shock in the home
country decreases the relative consumption level in that country if the elasticity of
substitution between the two goods is large. Conversely, if the rate of time preference is
small, the relative consumption level in the home country increases due to the productivity
shock. Furthermore, we show that when the rate of time preference is small, an increase in
productivity appreciates the country's currency, causing workers to migrate from the
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foreign country to the home country in the short and long runs. We also show that an
increase in productivity always increases the world's welfare level.

The remainder of this paper is structured as follows: Section 2 outlines the Redux model
with worker migration. Section 3 presents a log-linearized version of the model and
examines the effects of an unanticipated permanent productivity shock on international
worker migration between two countries, the exchange rate, and cross-country
consumption differences. Section 4 examines the world welfare effects of productivity
shocks. The final section summarizes the findings and concludes the paper.

2. Model

The size of the world population is normalized to one. Workers in the interval [0, n,] are
located in the home country, while those in the interval (n;, 1] are located in the foreign
country. Monopolistically competitive firms continuously exist in the world in the [0, 1]
range. Each firm produces a single differentiated product that is freely tradable.
Additionally, we assume that firms in the range [0, s] are located in the home country and
those in the range (s, 1] are located in the foreign country, where s is exogenous. Home
and foreign households (or workers) have perfect foresight and share the same utility
function. The intertemporal objective of household i € [0, n;] in the home country at time
t is to maximize the following lifetime utility:

U.(0) = E, 3287 (log C(D) + 1 log(M.(1)/P) — (n/2) (D)), ()

where E; represents the mathematical expectation conditional on the information set made
available to household i in period ¢, B is a constant subjective discount factor (0 < f§ < 1),
¢ (i) is the amount of labor, and the consumption index log C,(i) is defined as follows:
C.(D) =( fol Cr (i, H)© ~V0gjP® =19 > 1, where 0 is the elasticity of substitution between
any two differentiated goods and C;(i,j) is the consumption of good j. M, (i) denotes
nominal money balances, and P; is the home country consumption price index (CPI), which
is defined as P, = ( fol P, (j)'0dj)"1=9 where P,(j) is the home-currency price of good ;.
Similarly, the foreign country CPI is P} = (/. 01 P (j)'0dj)"1-9, where P/ (j) is the foreign-
currency price of good j. Because there are no trade costs between the two countries, the
law of one price holds for any variety j; i.e., P;(j) = €.P/(j), where € is the nominal
exchange rate, defined as the home currency price per unit of foreign currency. Given the
law of one price, purchasing power parity is represented by P, = €, P/. At each point in
time, a typical domestic household faces the following budget constraint:

PiBpyy (D) + My () = Po(1 + 1)Bf + M1 (§) + W (D45 (D) + fos () dj +
I &1 ()dj = PeCe(i) + Prre (0, @)

S
where B, (i) denotes real bonds; r, denotes the real interest rate; W, (i) denotes the
nominal wage rate; [ OS I1,(j) dj ( fsl g, I1; (j)dj) represents the total nominal profit flows of
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firms located in the home (foreign) country; and 7, (i) denotes real lump-sum transfers. The
government budget constraint is (M; — M;_;)/P; = 1; , where M, is the aggregate money
supply, and 7, = fon “1,(i) di. Firm j € [0,n;] hires a continuum of differentiated labor
inputs  domestically and  produces a single product according to
y:(j)= K(nfl/“’f(;lt (Z?(i,j))(‘i’*l)/“’di)"’/(‘i’*l), where v, (j) denotes the production of home-
located firm j, ff(i, j) is the firm j’s input of labor from household i, and ¢ > 1 is the

elasticity of substitution between any two differentiated inputs. Given the firm’s cost
minimization, firm j’s optimal labor demand for household i’s labor input is as follows:

E?(i’j) = nt_l(Wt(i)/Wt)_¢ (/%) 3)

where W, = (n,~'[ On "W,(0)- 9di)"- 9 We now consider the optimization problem of
households. Households in the home (foreign) country maximize the consumption index
Ce (1) (C¢ (@) subject to P.C, (D) = [, Pe()) Cc (i, dj (P{CE (@) = [y PE() C¢ (i, j)d)) by
optimally allocating differentiated goods. This problem yields the following demand
functions for good ;:

Co(i,)) = (P.(N/PY °Ce(), C2GLJ) = (P2 ()P °C (D). )

Aggregating the demands in (4) across all households worldwide and equating y, (j), yields
the following market-clearing condition for any product j:

, .. wrs . -0

ye() =nCe(@, ) + (1 —n)CE G )) = (P(G)/Py) "€, (5)
where P.(j)/P; = P{(j)/P{ from the law of one price, and CY = (n,C,(i) + (1 —
n.)C; (i) is aggregate per capita world consumption. Similarly, we obtain y;(j) =
(PF(j)/ Pt )79Cg"’ . In the second stage, households maximize (1) subject to (2). The first-
order conditions with respect to By, (i) and M, (i) can be written as

1/Ce(@) = BE[(1 + 141)/Cey1 (D], (6)

M (D)/P; = xCe (D) (A + ip41) /141D, (7
where i;+1 is the nominal interest rate for home-currency loans, defined by 1+ i;,; =
(1 + 1441)E¢[(Pt41/P:)] . The terminal condition is Tlim (1/H€i€(1 + 1)) [Beyrsr +

M; 7/ P:+7] = 0. In the monopolistic goods markets, given W;, P;, C}”, and n; and subject
to (3) and (5), the profit-maximization problem for home-located firm j is as follows:

maxI1,(j) = P(1)y: () - o W (DG, Hdi = (P() — We/x)y:(j) . By substituting

vj) into I1,(j) and differentiating the resulting equation with respect to P;(j), we obtain
the following price mark-up:

P:(j) = (8/6 — D(W;/x). (®)

Since W, is given, from (8), all home-located firms charge the same price, P;(j) = P:(h),
where the firm index j is omitted due to symmetry. Foreign-located firms also have
identical price markups, so P{(j) = Pf(f).
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The driving force behind the migration of workers is the difference in real wages between
two countries. The adjustment processes for the migration of workers are as follows:

(e —ne_1)/ne—q = YIW (D) /P /(W¢ (@D)/PE) — 1], )

where y (0 <y < o) is a constant positive parameter that determines the degree of worker
mobility between the two countries: a larger value of y implies higher worker mobility
between two countries. Following Corsetti and Pesenti (2001), we introduce nominal
rigidities into the model in the form of one-period wage contracts under which nominal
wages in period ¢ are predetermined at time ¢ — 1. The equilibrium labor-market conditions
for the home and foreign countries are /7 (i) = fos (3(i,j)dj, i € (0,n,) and (5*(i) =
fsl (& (i, )dj, i € (ng, 1]. Taking W,, P;, v.(j), and n, as given, by substituting /§ (i) =
fos ¢%(i,j)dj and equation (3) into (2), and maximizing (1) with W, (i), we obtain the
following first-order condition:

OW(D)/P) Eees [n(1D)’] = (0 = DE_1[£D/C. D). (10)

Each household uses equation (10) to determine its wage rate. Finally, the equilibrium
condition for the international bond market is given by [ Ont Bir1(D)di + f:t Bf,,(i)di = 0.

The equilibrium conditions for the money markets are given by M, = font M, (i)di and
* 1 * [ .
M} = fnt M;(i)di.

3. Productivity shocks

To examine the macroeconomic effects of an unanticipated, permanent productivity shock,
we solve a log-linear approximation of the system around the initial zero-shock steady state.
We assume the economy begins at the zero-shock steady state in period 0. At the end of
period 1, the nominal wage rates are determined by one-period contracts, which carry over
into period 2. After the one-period wage contracts are completed, the productivity shocks
occur. This means that the nominal wages agreed upon at the end of period 1 cannot
instantly adjust to the unanticipated productivity shocks of period 1. Additionally, the
condition for the optimal nominal wage (equation 10) does not hold; therefore, households
are willing to satisfy any level of labor demand at predetermined wage rates because their
real wage rates dominate their marginal labor costs. We refer to the period of the shock as
the short run. In periods 2 and beyond, nominal wages perfectly adjust to their new steady-
state values, which are consistent with the optimal wage conditions given by equation (10).
The time from period two onwards is referred to as the long run. Following Obstfeld and
Rogoff (1995), we use X to denote short-run percentage deviations from the initial steady-
state value of any variable X. These short-run percentage deviations are consistent with the
length of nominal wage contracts. Thus, in the short-run log-linearized equations, nominal
wages and goods prices can be determined as W =W*=P(h) =P*(f)=0 .
Additionally, we use X to denote long-run percentage deviations from the initial steady-
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state value, consistent with flexible nominal wages. We assume that the nominal money
supply is held constant in both countries so that ¥ = M = M* = M* = 0.

We obtain the following log-linearized expression for the international distribution of
workers by log-linearizing equation (9) around the symmetric steady state:

i = —yE. (11)

Equation (11) shows that exchange rate depreciation induces the migration of workers from
the home country to the foreign country. Intuitively, with fixed nominal wages causing
nominal product prices to be sticky, depreciation decreases (increases) the foreign (home)
price level because P* = —(1/2)& (P = (1/2)&) from the price indexes. This increases the
real wage of foreign-located workers and decreases the real wage of home-located workers.
Consequently, some workers migrate to the foreign country. Similarly, by log-linearizing
equation (9) in the long run, we obtain the following log-linearized expression for
international worker migration:

n=—y(e-(W-W"). (12)

Equation (12) shows that the long-run migration of workers is positively affected by the
difference in nominal wages between two countries and negatively affected by the
exchange rate.

Now, we will consider the macroeconomic effects of an unanticipated permanent
productivity shock on three key variables: short- and long-run relative consumption, the
nominal exchange rate, and short- and long-run worker migration. First, we analyze the
impact of an unanticipated permanent relative productivity shock on short- and long-run
relative consumption and the nominal exchange rate. The effects on these variables are as
follows:

A s _ 8 ((0-D)/6)[2/(8+1+2Y)]-(8/0)(0+2V) (= _ s
C—C"=DA(® 1)( D(1+84)+6A((6-1)/0)(0—1+2Y) ) (R =K. (13)
o _ (SA((B-1)/8)-G(1+54)-24((6-1)/0)[(6-1)/(B+1+2Y)]\ /= -«

&= ( D(1+84)+8A((6-1)/0)(6—1+2Y) )(K K, (14)

where

A= (1 +((0-1)/0) (5o C/D ‘”)) >0,

6+1+4y((6-1)/06)

p=(1-2v(5)) (1+ () )
6= () (%) (1+ () 6))

Equation (13) shows that the effect of an unanticipated, permanent relative increase in the

home country's productivity on its relative consumption compared to the foreign country's
is indeterminate. This paper focuses on four effects of a relative increase in the relative
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home productivity on the relative consumption of the home country to determine the sign
of equation (13). First, an increase in the relative productivity of the home country
decreases the demand for domestic labor for a given level of domestic production. In the
short run, this results in a decrease in the domestic labor supply and an increase in domestic
consumption. This occurs because an increase in the home country's productivity allows
more consumption with the same labor supply. Additionally, the relative labor supply of
the home country decreases due to consumption smoothing behavior. This paper defines
this as the short-run consumption smoothing effect. Conversely, in the long run, the rise in
domestic relative productivity increases the income of the home country relative to the
foreign country and increases the current account surplus. This increases short-term
consumption due to consumption smoothing behavior. In this paper, this is defined as the
long-run consumption smoothing effect. Furthermore, due to the aforementioned effects,
the value of the home country's currency increases. The reason for this is as follows: When
the money supply remains constant and consumption rises, the demand for money also rises.
Given the condition of money market equilibrium, the home country's currency must
appreciate, leading to a decrease in home country prices and an increase in the real money
supply. This appreciation decreases the home country's production and increases the
foreign country's production through the consumption switching effect. This results in
decreased profits for home country firms and increased profits for foreign firms.
Consequently, domestic consumption decreases while foreign consumption increases. This
effect is called the consumption switching effect in this paper. Finally, appreciation of the
domestic currency increases the domestic real wage through falling domestic prices and
decreases the foreign real wage. This leads to the migration of workers from foreign
countries to the domestic country. This migration increases domestic production and
decreases foreign production, which increases the domestic current account surplus and
relative consumption due to the increase in domestic net foreign assets and the resulting
consumption smoothing effect. This effect is defined as the migration effect in this paper.
The net consumption effect of a domestic rise in productivity is determined by the relative
magnitude of the consumption shifting effect, the short-run consumption smoothing effect,
the long-run consumption smoothing effect, and the migration effect. In this paper, we
examine the elasticity of substitution between two goods and the time preference rate to
determine the sign of the consumption effect of a domestic relative productivity shock.
First, when the elasticity of substitution between the two goods is large enough, the
consumption switching effect, which reduces the home country's relative consumption,
becomes significant and surpasses the other three effects. This results in a decrease in the
home country's relative consumption level: ¢ — C* = € — C* < 0. This occurs because a
large elasticity of substitution between two goods makes the substitution of home goods
for foreign goods more sensitive to exchange rate appreciation. Second, a smaller time
preference rate results in a greater consumption smoothing effect caused by an increase in
the current account surplus and the resulting increase in external assets. This occurs because,
when the time preference rate is low, a greater proportion of the relative income increase
effect of the home country, caused by an increase in its productivity, is absorbed by
consumption. Therefore, when the time preference rate is sufficiently small, an increase in
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the relative productivity of the home country increases the relative consumption level of
the home country: ¢ — C* = € — C* > 0. The above results can be summarized as follows:

C—C*=C—-C*<0,if0is large, (15)
C—C*=C—-C*>0,if § is small. (16)

Similarly to the results in (13), equation (14) shows that the effect of an unanticipated
permanent relative productivity shock in the home country on the nominal exchange rate
is ambiguous. Therefore, to evaluate this effect, we must first examine how an
unanticipated permanent productivity shock in the home country influences the value of
that country's currency. According to equation (13), if the rate of time preference is small,
an unanticipated permanent relative productivity shock in the home country increases
relative home consumption and demand for money. Given a constant money supply,
therefore, the home currency must appreciate and the price level in the home country must
fall to balance supply and demand in the money market. This paper defines this effect as
the money demand effect. Second, an unanticipated permanent relative productivity shock
in the home country causes the home price level to fall directly and the real money supply
to rise. Therefore, even if demand for money remains constant, the home currency must
depreciate, and the price level must rise to balance supply and demand in the money market.
This paper defines this effect as the productivity effect. The effect on the exchange rate is
determined by the relative magnitude of the money demand effect, which appreciates the
exchange rate, and the productivity effect, which depreciates the exchange rate. In this
paper, we focus on the time preference rate to determine the sign of the exchange rate effect
of a relative home productivity shock. The smaller the time preference rate, the greater the
consumption smoothing effect caused by an increase in the current account surplus and the
resulting increase in external assets. This occurs because, when the time preference rate is
low, a greater proportion of the relative income increase effect of the home country, caused
by an increase in home country productivity, is absorbed into consumption. Therefore, the
smaller the time preference rate, the larger the money demand effect. Consequently, when
the time preference rate is low, the money demand effect of an increase in relative home
productivity exceeds the productivity effect, causing the value of the home country's
currency to increase (€ < 0). In summary, when the time preference rate is low, the money
demand effect of an increase in relative home productivity exceeds the productivity effect,
causing the value of the home country's currency to increase. The above result can be
summarized as follows:

€ < 0,1f 0 is small. (17)

Next, we analyze the impact of an unanticipated, permanent productivity shock on short-
and long-run international worker migration. First, the short-run change in worker
migration is as follows:

C L (BA((B-1)/0)=GU+54)-24((O-1)/O)(B-1)/(B+142V)]\ (= .
n= y( D(1+64)+5A((6-1)/0)(0—1+27) )(K K.

(18)

Equation (18) shows that the short-run effect of an unanticipated permanent productivity
shock on the direction of international migration is ambiguous. In equation (11), note that
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the effect of an unanticipated permanent relative productivity shock on worker migration
in the short run depends on the exchange rate. However, as shown in equation (17), when
the time preference rate is small, the home country's currency appreciates due to an increase
in relative productivity. This causes the home country's relative real wage to rise. This
occurs because exchange rate appreciation decreases (increases) the home (foreign) price
level, causing the relative real wage of home-located (foreign-located) workers to increase
(decrease). Consequently, workers relocate from the foreign country to the home country.
Thus, when the time preference rate is low, an increase in the home country's relative
productivity results in workers moving from abroad to the home country:

1 > 0, if § is small. (19)
Similar to the short-run results in (18), the long-run effect of an increase in relative
productivity on the direction of worker migration is as follows:

— Y _ ((6-1)/0)[2/(8+1+2Y)]-(5/6)(8+2Y) =
n= (9+1+2y) [AD(G 1)( D(1+64)+5A((6-1)/0)(0—1+27) ) + 6] (& — ). (20)

Equation (20) shows that the effect of an unanticipated permanent relative productivity
shock in the home country on long-run worker migration is ambiguous. To assess this effect,
we must pay attention to equations (10) and (12), which are meaningful in long-run
equilibrium. Note that the right-hand side of equation (10) represents the marginal utility
of additional labor income resulting from an increase in labor effort. The left-hand side
represents the marginal disutility of an increase in work effort. In our model, each worker
uses equation (10) to determine the wage rate. Equation (12), on the other hand, shows that
the long-run change in migration is positively affected by the difference in nominal wages
between the two countries and negatively affected by the exchange rate. Equations (10) and
(12) show that an unanticipated permanent relative productivity shock in the home country
has two effects on long-run worker migration. First, equation (12) shows that there is a
decrease in the price level in the home country and an increase in the price level in the
foreign country due to the appreciation of the home country's currency. This occurs under
the assumption that 6 is small. Consequently, the real wage in the home country exceeds
the real wage in the foreign country, inducing foreign workers to migrate to the home
country. The second effect occurs through a labor-leisure trade-off condition, as shown in
equation (10). As shown in equation (16), when d is small and the relative consumption in
the home country increases (C — C* = € — C* > 0), the marginal utility resulting from the
additional labor supply on the right side of equation (10) decreases. Therefore, workers in
the home country will increase their nominal wage to satisfy equation (10) and reduce their
labor supply further. This increases the real wage in the home country relative to the foreign
country, providing an incentive for workers to migrate from the foreign country to the home
country. Thus, if d is small, an increase in the home country's tariff will cause workers to
migrate from the foreign country to the home country in the long run (n > 0).
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4. Welfare effects

Following Obstfeld and Rogoff (1995), who disregarded the welfare effects of real balances,
we focus on the real component of an agent’s utility, comprising terms involving
consumption and labor effort. Defining this real component as U, we can rewrite equation

(1) as UR=EX2,p" (log Cl— (n/Z)(fﬁi)z) . The impact of an unanticipated

permanent productivity shock in the home country on the welfare of the home country is
as follows

dUf = (1/2)(C =€) = (@-D/9)(O-1)/8) (—&¥ + (1/2)(F - 7)) +
(1/8)&Y + (1/28)(C - €*) — (1/28)((6-1)/$)((0-1)/0) (¢° — ). 1)

Similarly, the impact on foreign welfare is

duf = =(1/2)(C = €*) = (@-D/§)(O-1)/8) (—= + (1/2)(F - 1)) +
(1/6)R" = (1/28)(C = C*) + (1/28)((0-1)/9) ((8-1)/0)(£* = ). (22)

From equations (21) and (22), we can derive the effect on world welfare of an unanticipated,
permanent relative productivity shock in the home country. For this purpose, we define
world welfare as UY =n,UR + (1 —n, )UR*, where ng o = 1/2 denotes the initial
steady-state distribution of workers and UX , = UR*,. The world welfare effect of a
monetary expansion then is

du" = (1/2)(dU§ + dug*) = [((6-1)/$)((6-1)/8) + 1/8]R" > 0. (23)

Equation (23) shows that an unanticipated permanent relative productivity shock in the
home country improves the welfare of the world economy. The intuitive explanation for
this result is as follows: First, note that world welfare is unaffected by the international
movement of workers. This is because the impact of this factor on world welfare is offset
equally between the home and foreign countries. Therefore, world welfare is only affected
by consumption utility and labor disutility via exchange rate fluctuations. Recall that this
paper begins with an initial steady state in which monopolistic distortions exist. The effects
of an unanticipated permanent relative productivity shock in the home country are then
analyzed. In our model, a productivity shock increases domestic and foreign production.
This creates disutility from the increased labor supply. However, the negative impact is
smaller than the utility gained from increased consumption due to the underproduction
distortion caused by the initial monopoly. Consequently, in our model, a productivity shock
improves economic welfare worldwide.

5. Conclusion

This paper has presented the impact of an unanticipated permanent relative productivity
shock in the home country on consumption, exchange rate, and world welfare using a two-
country intertemporal model with international migration of workers. The main results of
our analysis are as follows: (i) When the elasticity of substitution between the two goods



Productivity shocks, exchange rate and migration: a new open economy macroeconomics approach 159

is large, an unanticipated permanent relative productivity shock in the home country
decreases the relative consumption level in the home country. However, when the rate of
time preference is small, the relative consumption level in the home country increases due
to the relative productivity shock. (ii) If the rate of time preference is small, the exchange
rate appreciates due to the productivity shock. (iii) If the rate of time preference is small,
an unanticipated permanent relative productivity shock in the home country induces
workers to migrate from the foreign country to the home country in both the short and long
runs. Finally, (iv) an unanticipated permanent relative productivity shock in the home
country improves world welfare.

Notes

() Researchers have employed an extended Redux model to analyze the international spillover
effects of monetary policy shocks in several studies. These include those by Betts and Devereux
(2000a, 2000b), Hau (2000), Bergin and Feenstra (2001), Corsetti and Pesenti (2001), Cavallo
and Ghironi (2002), Devereux and Engel (2002), Kollmann (2001), Smets and Wouthers (2002),
and Johdo (2013a, 2015). In addition, the international spillover effects of government
expenditure policies have been analyzed using an extended Redux model in studies such as those
by Betts and Devereux (2000), Caselli (2001), Corsetti and Pesenti (2001), Ganelli (2003, 2005a,
2005b), Chu (2005), Johdo (2013b, 2019), Di Giorgio et al. (2015), and Lai and Chen (2015). For
a survey of NOEM models, see Lane (2001).
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Abstract. This study examines the financial performance of North American firms, accentuating the
significant role of total assets in firm’s profitability, measured through EBITDA. By incorporating
traditional econometric models—Fixed Effects and Random Effects—with machine learning
techniques, exclusively Support Vector Machines (SVM), the research assesses both explanatory
and predictive capabilities. The findings reveal that total assets significantly influence EBITDA,
with the Fixed Effects model offering robust explanatory power (adjusted R? = 77.86%) and SVM
exhibiting superior predictive accuracy (89.4%). Additionally, the nuanced effects of financial
ratios, such as liquidity and leverage, emphasize their indirect contributions to financial
performance. These results offer actionable insights for stakeholders to improve asset use and
financial strategies. This study's implications extend to advancing predictive methodologies in
financial analysis, providing a scalable framework for analyzing profitability across diverse firms
and contexts. This research specifies constructive insights for stakeholders, investors, and
policymakers, enhancing their understanding of the financial dynamics of North American firms.
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A critical area of review in finance and management research involves understanding the
financial performance of firms because it offers fundamental insights on operational
efficacy, resource application and whole profitability. Total assets, a key part of a firm’s
structure, are instrumental in terms of affecting a prime financial outcome, named Earnings
Before Interest, Taxes, Depreciation, and Amortization (EBITDA).

Traditionally, initial theories such as Modigliani and Miller's (1958) capital structure
irrelevance proposition have provided the groundwork for discovering the relationship
between financial structure and firm performance. Successive empirical studies, such as
those by Fama and French (1995) and Kester (1986), have explored financial ratios and
their projecting capabilities in altering firm outcomes. Nevertheless, much of this research
is either geographically confined or sector-specific, placing vague questions about the
interaction between asset structures and profitability in cross-country contexts. Also, while
total assets are recognized as critical drivers of financial performance, their role has been
mainly examined through customary econometric lenses, habitually skipping enhanced
predictive models.

Although current research emphasizes the significance of total assets in leading financial
performance, many critical gaps continue. First, while widespread studies have discovered
financial performance system of measurement, inadequate attention has been given to
understanding the role of total assets across assorted datasets surrounding firms from
diverse regulatory and economic contexts, such as the U.S. and Canada. Second, the
interface between total assets and other financial variables, such as liabilities, debt ratios,
and liquidity measures, is still underexplored, leaving gaps in how these factors jointly
affect profitability. Third, conventional econometric models, while expensive for
describing relationships, dearth the predictive power provided by advanced machine
learning techniques, which are still underutilized in financial performance research. By
showing these gaps, this study contributes by using a comprehensive dataset of U.S. and
Canadian firms to expose generalizable insights, mixing econometric models with machine
learning techniques to augment predictive and explanatory capabilities, and delivering
actionable strategies for improving the management of asset use by the firm. These
improvements bridge theoretical and methodological gaps, offering real value to
stakeholders while improving the field of financial performance analysis.

This study aims at addressing these gaps by mixing vigorous theoretical arguments with
empirical methodologies that amalgam conventional econometric models—namely Fixed
Effects and Random Effects—with machine learning techniques, precisely Support Vector
Machine (SVM) classification. Compared with most other learning techniques, SVM lead
to increase performance in pattern recognition, regression estimation, and so on; financial
time-series forecasting (Kim, 2003, Mukherjee et al., 1997, Tay and Cao, 2001), marketing
(Ben-David & Lindenbaum, 1997), estimating manufacturing yields (Stoneking, 1999),
text categorization (Joachims, 2002), face detection using image (Osuna, Freund, & Girosi,
1997), hand written digit recognition (Burges and Scholkopf, 1997, Cortes and Vapnik,
1995), medical diagnosis (Tarassenko, Hayton, Cerneaz, & Brady, 1995). By concentrating
on a thorough dataset of U.S. and Canadian firms spanning 1950-2023, the research seeks
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to interpret how total assets influence EBITDA and estimate the comparative efficiency of
these analytical approaches.

The primary research questions steering this investigation are given as follows:

1. What does existing literature expose about the role of total assets in figuring out firm
profitability, and where do essential gaps continue?

2. How do asset and liability structures differentially affect financial outcomes across U.S.
and Canadian firms?

3. Can the integration of traditional econometrics and machine learning offer better
explanatory and predictive insights into firm performance?

The study makes many contributions by addressing these questions. Conceptually, it
expands the conversation on asset use and financial performance, providing novel
perspectives on how asset structures affect profitability across diverse economic
landscapes. Procedurally, it sets up the corresponding strengths of econometric and
machine learning models, reducing the gap between explanatory and predictive analyses.
Reasonably, the findings provide valuable insights for corporate managers, investors, and
policymakers aiming to boost financial strategies and increase decision-making.

The focus on U.S. and Canadian firms is markedly proper due to their aged financial
markets and the readiness of broad historical data. Asset and liability structures are key to
financial health, affecting profitability, risk management, and operational efficiency. For
example, total assets offer the base for revenue generation, while liabilities show a firm's
approach to financing and risk. Identification of these dynamics is vital not only for
corporate decision-making but also for investors and policymakers managing the
economies in North America.

The study gives substantial contributions to financial performance research by progressing
methodological, theoretical, and practical measurements. Procedurally, it contributes by
incorporating traditional econometric models with machine learning algorithms, resulting
in a dual analytical framework that connects explanatory and predictive capabilities. The
Fixed Effects model offers vigorous insights into the operational dynamics inducing
profitability, while the Support Vector Machine meaningfully augments predictive
accuracy, presenting a transformative viewpoint on financial analysis methodologies.
Tentatively, the research shows the complex mechanisms through which total assets and
complementary financial metrics, such as liquidity and leverage, impact EBITDA.
Virtually, the findings equip corporate managers, investors, and policymakers with data-
driven strategies to improve asset structures, manage risk, and enhance operational
efficacy. By addressing methodological and analytical gaps in financial performance
literature, this study sets a standard for employing hybrid econometric-machine learning
frameworks to interpret complex financial phenomena.

This paper is organized as: the Literature Review investigates earlier studies on financial
performance metrics and methodologies, emphasizing gaps addressed by this research. The
Methodology describes the dataset, model specifications, and variables used to analyze the
connection between asset and liability structures and EBITDA. The Results and Discussion
section displays key findings, reasonable insights, and inferences of the econometric and
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machine learning models. In conclusion, the limitations of the study and scope for future
research define areas for advancement and forthcoming exploration, ensued by an inclusive
conclusion reviewing the study's contributions and implication.

Literature Review

Swagatika Nanda and Ajaya Kumar Panda (2019) delved into the financial performance of
manufacturing firms across several profitability levels. Their assessment underlines the
importance of revenue, cost channels, and firm-specific factors. Remarkably, they decide
that the influence of debt financing on profitability differs across distinctive quantiles. This
reflection features the fundamental role that total liabilities play in changing performance
measures such as EBITDA and Net Income. Their findings encourage a more thoughtful
inspection into the financial metrics that emphasize modifications in performance across
firms.

Constructing on this base, Burcu Adiloglu and Bengii Vuran (2017) turn the focus to the
discovery practices of financial metrics like EBIT and EBITDA among corporations listed
on the BIST 50. Their research highlights that these metrics offer a clear viewpoint on
financial performance compared to net income. By allaying the impacts of contrasting
capital structures and tax rates, EBIT and EBITDA allow simpler cross-company
comparisons. This underlines the prominence of total assets and total liabilities in altering
a firm’s stated performance, highlighting the consequence of these financial structures in
your analysis of U.S. and Canadian firms.

Extending this discussion, Ana JeZovita (n.d.) examines the use of financial performance
indicators in enormous Croatian units. She stresses the essential of understanding key
performance indicators (KPIs) like ROA, ROE, EBIT, and EBITDA in strategic planning
and decision-making. Jezovita's insights expose how these statistics can influence
management bonuses and whole business outlooks. Misconceptions of these metrics might
lead to inaccurate conclusions about a firm's financial health, thus accentuating the
necessity to exactly measure the relationship between total assets, total liabilities, and
financial performance.

In combination with this, Terence M. Yhip and Bijan M. D. Alagheband (2020) offer a
complete assessment of essential financial analysis via ratio analysis. They classify
financial ratios into profitability, asset consumption and efficiency, liquidity, and debt and
solvency, offering significant insights into evaluating a firm's performance. Their
carefulness about probable deceptive practices in financial statements, such as window
dressing and deceitful reporting, emphasizes the significance of a wary appraisal of total
assets and liabilities in understanding their impression on EBITDA and Net Income.

In the end, Hugo Thoursie and Lucas Fagerdng (2021) discover the influence of financial
metrics on company performance during the COVID-19 pandemic. Through their analysis
of sectors in the Swedish market, they recognize financial ratios such as the current ratio,
debt-to-equity (D/E), and return on equity (ROE) as relating to company performance
among substantial market disturbances. Their findings advise that while financial metrics
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do guide performance modifications, other exterior factors likely play a considerable role
as well. This shows the vigorous spirit of financial analysis and features the complication
of estimating total assets and liabilities, specifically in differing economic conditions.

There have been several studies on the relationship between total assets, total liabilities,
and financial performance, often counting on profitability measures like EBITDA and Net
Income. Nevertheless, most research tends to focus on either individual countries or
specific sectors, with fewer emphasis involving U.S. and Canadian firms. Moreover, while
financial ratios like Debt-to-Equity, ROA, and ROE have been broadly studied, this precise
investigation into how these ratios moderate the relationship between total assets/liabilities
and financial performance in the context of both U.S. and Canadian firms is a gap in the
existing literature.

Methodology
Data Collection

The analysis applies a panel dataset from Compustat, having key financial metrics for U.S.
and Canadian firms covering from 1950 to 2023. This dataset combines firm-level ratios
and annual fundamentals, offering a complete view of the financial landscape over the
decades. Prior to the analysis, the dataset goes through preprocessing to detach outliers,
guaranteeing the precision and consistency of the results. This preparation aids a stout
examination of the correlation between asset and liability structures and financial
performance.

Model specification
Fixed Effects Model
The model explores the relationship between EBITDA and primary independent variables,

while encompassing proper control variables. The model is expressed as:

EBITDA Gy = Po + Bratay + P2de_ratiogy + PBscurr_ratiogy + yiroagy + ya2roeay + yaltay + yanico
+ Y Year; + ) Industry; + ug

Random Effects Model

The model depicts both within-firm and between-firm variations, while also integrating
relevant control variables. The model is expressed as:

EBITDAy = Po + Bratay + B2de_ratiogy + PBscurr_ratiogy + yiroagy + yaroeay + ysltay + yanico
+ > Year, + Y Industry; + ugy

Here,

1. Core Independent Variables:

= atgy: Total Assets

= de ratiogy: Debt-to-Equity Ratio
= curr_ratiogy: Current Ratio
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[\

. Control Variables:
roagy): Return on Assets (measures operational efficiency).
= roegy: Return on Equity (captures profitability compared to shareholder equity).
Itqy: Long-Term Debt (shows leverage and financial risk).
nigy: Net Income

. Fixed Effects:
Year Effects (3 Year;): Controls for macroeconomic shocks or time-specific variations.
Industry Effects (3 Industryi): Accounts for industry-level differences.

|95

4. Error Term:
Fixed Effects Model: ugy captures firm-specific shocks over time.
= Random Effects Model: uay = vi + €a),

where:
vi: Firm-specific random effects (time-invariant).

€an: Idiosyncratic error term (time-variant).

Data Description

Variable Definition
EBITDA Earnings Before Interest, Taxes, Depreciation, and Amortization; a measure of a firm's profitability.
at (Total Assets) Total assets of the firm, standing for the overall size and resource base.
de_ratio Debt-to-Equity Ratio; shows the proportion of debt used to finance the firm compared to shareholders' equity.
curr_ratio Current Ratio; a liquidity measure showing a firm's ability to cover short-term liabilities with short-term assets.
roa Return on Assets; measures the operational efficiency of a firm in generating profits from its assets.
roe Return on Equity; assesses profitability compared to the equity invested by shareholders.
It (Long-Term Debt) | Long-term debt obligations, reflecting the firm's financial leverage and risk management strategy.
ni (Net Income) The net earnings of the firm after all expenses, taxes, and other obligations have been deducted.

Table-01. Summary statistics

Variable Mean Median SD
at 363.9235597 177.85 420.3556365
curr_ratio 3.0479025 2.276 4.7802597
de_ratio 1.4615762 0.876 14.7454018
roa 0.1288911 0.138 0.1968574
roe -0.1176347 0.112 14.7727631
It 186.4131754 74.168 2441276926
ni 20.1674 7.372 45.1492604

The summary statistics specify insights into the key variables included in the model. The
variable Total Assets (at), a proxy for firm size, has a mean of 363.92 with a median of
177.85 and a standard deviation of 420.36, showing substantial alteration in firm sizes
across the sample. Current Ratio (curr_ratio), which shows short-term liquidity, has a mean
of 3.05, a median of 2.28, and a standard deviation of 4.78, advocating alterability in firms'
liquidity positions. Debt-to-Equity Ratio (de_ratio), a measure of financial leverage, shows
a mean of 1.46, a median of 0.88, and an elevated standard deviation of 14.75, stressing
substantial differences in leverage levels. Profitability metrics such as Return on Assets
(roa) have a mean of 0.13 and a standard deviation of 0.20, while Return on Equity (roe),
with a mean of -0.12 and a standard deviation of 14.77, displays that some firms have
momentous negative equity returns. Long-Term Debt (lt), characterizing leverage,
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averages 186.41 with a median of 74.17 and a standard deviation of 244.13, showing
substantial disparities in long-term obligations. In conclusion, Net Income (ni), a central
profitability measure, has a mean of 20.17, a median of 7.37, and a standard deviation of
45.15, displaying an open range of profitability among firms. These statistics uncover the
variety in firm characteristics and financial health within the dataset.

Table-02. Main results (regression coefficients summary)

Variable Estimate Std. Error t-value Pr(>|t])
at 0.1152529 0.0021825 52.8077 <.0000 **
de_ratio 0.0133566 0.0161587 0.8266 0.4085
curr_ratio -0.1398702 0.0547219 -2.5560 0.0106 *
roa 27.2505035 1.5115945 18.0277 <.0000**
roe 0.0098989 0.0158984 0.6226 0.5335
It -0.0048844 0.0035334 -1.3824 0.1669
ni 0.5677933 0.0072855 77.9348 <.0000 **

The outcomes of the fixed effects model offer valuable insights into the determinants of
EBITDA. The coefficient for Total Assets (at) is substantially significant (p<<0.0000) with
a positive estimate of 0.115, showing that larger firms tend to produce greater profitability,
as expected. The Debt-to-Equity Ratio (de_ratio) is positive but not statistically significant
(p=0.4085), suggesting that leverage does not have a sturdy immediate impact on EBITDA
within the sample. The Current Ratio (curr_ratio) has a negative and statistically significant
effect (p=0.0106), implying that extreme liquidity may inhibit profitability, theoretically
reflecting ineffectiveness in resource allocation.

Among the control variables, Return on Assets (roa) shows a substantial positive effect
(p<0.0000), bringing to light that firms with sophisticated operational efficiency produce
significantly higher EBITDA. Similarly, Net Income (ni) is strongly positive and
significant (p<0.0000), showing that largely profitability completely drives EBITDA.
Nonetheless, Return on Equity (roe) and Long-Term Debt (It) are not statistically
significant (p=0.5335 and p=0.1669, respectively), implying that these factors may not
have a direct impact on EBITDA in this model.

The model fit statistics reveal strong explanatory power, with an R? of 0.7869 and an
adjusted R? 0f 0.77859, advising that around 79% of the variation in EBITDA is illuminated
by the included variables. The F-statistic is vastly significant (p<.0000), implying the
shared importance of the model predictors. Largely, the results highlight the size of
operational efficiency and firm size in deciding profitability, while liquidity and leverage
effects are nuanced and context related.

The econometric analysis revealed the following key metrics for both models:

Table-03. Econometric model findings

Metric Fixed Effects Model Random Effects Model
Mean Absolute Deviation 8.93 9.43
Adjusted R? 0.77859 0.6631

These models show that asset and liability structures notably influence EBITDA
performance, with the Fixed Effects model explaining a greater part of the variance in
EBITDA.
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The SVM model's performance was estimated using a confusion matrix, giving way the
following results:

=}

Table-04. Machine learning model findin

Metric Value
Accuracy 89.4%
Kappa 0.7879
Sensitivity (Recall for class 0) 92.18%
Specificity (Recall for class 1) 86.61%

Positive Predictive Value (PPV) 87.32%
Negative Predictive Value (NPV) 91.72%
McNemar's Test P-Value 0.00002752.

The Support Vector Machine (SVM) model highlighted outstanding performance in
predicting EBITDA classification, reaching a soaring accuracy rate of 89.4%, which
emphasizes its efficacy in recognizing firms based on their financial performance. A Kappa
statistic of 0.7879 further focuses on the model's consistency, contemplating sizable accord
between predicted and actual outcomes. Furthermore, the model instructed convincing
sensitivity (92.18%), showing its ability to decrease false negatives and appropriately
recognize firms with high EBITDA performance. Combined with a specificity of 86.61%,
the SVM model also proved a robust capability to classify true positives, making it a
reliable tool for financial performance analysis. These metrics jointly justify the SVM
model as a dependable and effective method for categorization in this context.

Table-05. Confusion matrix and statistics

Prediction 0 1
0 1143 166
1 97 1074

The SVM model appropriately spotted 1143 true negatives (TN), where both the predicted
and actual classes were 0, and 1074 true positives (TP), where the predicted and actual
classes were 1. Nevertheless, the model also conceded 166 false negatives (FN), where the
actual class was 1 but the model predicted 0, and 97 false positives (FP), where the actual
class was O but the model predicted 1. These results emphasize the model's strong
predictive ability, with a sharp count of correct classes, while also showing areas for
improvement in minimizing false negatives and false positives. This balance between true
and false classifications shows the model's complete reliability in foretelling firm
performance based on EBITDA.

The comparative performance of the models is summarized in the following table:

Table-06. Comparative analysis

Metric Fixed Effects Model Random Effects Model SVM Classification Model
Median Absolute Deviation 8.93 9.43 Not applicable
Adjusted R? 0.77859 0.6631 Not applicable
Accuracy Not applicable Not applicable 89.4%
Sensitivity (Recall for 0) Not applicable Not applicable 92.18%
Specificity (Recall for 1) Not applicable Not applicable 86.61%
Kappa Not applicable Not applicable 0.7879

The SVM model outclassed traditional econometric models in predictive accurateness,
revealing the prospective uses of integrating machine learning techniques in financial
analysis.
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Table-07. Comparative analysis of model metrics

Metric Fixed Effects Model Random Effects Model
Adjusted R? 0.77859(77.86%) 0.6631 (66.3%)
AIC (Akaike Information Criterion) 86034.34 86942.33
BIC (Bayesian Information Criterion) 86056.62 86972.04
SIC (Schwarz Information Criterion) 86062.13 86979.39
Mean Absolute Deviation (MAD) 17.84338 22.6457
Median Absolute Deviation (MAD) 8.934277 9.426578

The relative analysis of model performance metrics underlines key differences between the
Fixed Effects and Random Effects Models. The fixed effects model elucidates a marginally
higher percentage of variance in EBITDA with an Adjusted R?of 77.859% compared to
66.3% for the Random Effects Model. When considering model difficulty, criteria such as
AIC and BIC favor the Fixed Effects Model, with much lower values (AIC: 86034.34 vs.
86942.33), showing a better total fit. Likewise, the SIC results ally with AIC and BIC,
supporting the inclination for the Fixed Effects Model.

In terms of prediction accuracy, the Fixed Effects Model beats the Random Effects Model
based on Mean Absolute Deviation (MAD), realizing a lower MAD (17.84338 vs.
22.6457), which suggests its predictions are precise to actual observed values. Additionally,
the Fixed Effects Model explains stronger resilience to outliers, as mirrored in its Median
Absolute Deviation (8.934277 vs. 9.426578). These findings cooperatively suggest that the
Fixed Effects Model provides a better balance between fit, complexity, and predictive
accuracy, making it a more robust choice for analyzing factors that affect EBITDA.

Robustness Check
Endogeneity Test

The endogeneity of at (Total Assets), a key element of EBITDA, is assessed using a Two-
Stage Least Squares (2SLS) regression. The model considers at as endogenous and
instruments it with its lagged value, lag(at). Extra explanatory variables involve the Current
Ratio (curr ratio) and Debt-to-Equity Ratio (de ratio), both regarded as exogenous.
Diagnostic tests prove the suitability of this approach.

Table 08. Two-stage least squares regression results

Variable Estimate Std. Error t-value p-value Significance
Intercept -0.450 0.608 -0.740 0.459
at 0.154 0.001 163.688 0.0000 o
curr_ratio -0.218 0.087 -2.498 0.012 *
de_ratio -0.482 0.082 -5.894 0.0000 b

Model Statistics:

= Residual Standard Error: 41 on 11781 degrees of freedom
= Multiple R%: 0.7142

=  Adjusted R%: 0.7141

= Wald Test: 9174 on 3 and 11781 DF, p-value: < 0.0000

The 2SLS regression results illustrate that the variable at has a positive and extremely
significant influence on EBITDA (p<.0000), with an estimated coefficient of 0.154. This
finding shows that bigger firms tend to achieve higher profitability, steady with theoretical
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expectations. Contrarywise, curr_ratio has a negative and statistically significant impact
(p=0.012), showing that excessive liquidity may hinder profitability, hypothetically
exhibiting ineffectiveness in resource allocation. Likewise, de_ratio proves a negative and
highly significant effect (p=.0000), highlighting the risks associated with financial
leverage. The model proves strong explanatory power, with an R? 0.7142 and an adjusted
R? of 0.7141, showing that around 71% of the variation in EBITDA is enlightened by the
predictors. The Wald test for joint significance (9174, p<<0.0000 checks that the included
variables together describe a significant ratio of the variation in EBITDA. Largely, the
diagnostic tests and results provide compelling evidence for the legitimacy of the model
and the size of addressing endogeneity in the analysis of profitability determinants.

2SLS Diagnostic Tests
Table 09. 2SLS diagnostic test results

Test Statistic Degrees of Freedom (df) p-value
Weak Instruments Test 13.26 1,2994 <0.001
Wu-Hausman Test 117 1,2993 0.280
Sargan Test Not Applicable - -

The diagnostic tests done on the Two-Stage Least Squares (2SLS) model offer vital insights
into the strength of the instruments and the potential endogeneity of Total Assets (‘at’). The
Weak Instruments Test proves the strength of the instrument ‘lag(at)’, with an F-statistic
of 13.26 (p < 0.001). The Wu-Hausman Test suggests no compelling evidence of
endogeneity for “at” (p =0.280), directing that Ordinary Least Squares (OLS) can well yield
constant estimates. Since the model is accurately found, the Sargan Test for instrument
validity is not relevant. These findings confirm the robustness of the 2SLS model and
confirm the instrument's relevance and strength.

Table-10. The Breusch-Pagan test for heteroskedasticity results

Variable Estimate Significance
At 0.154 b
curr_ratio -0.218 >
de_ratio -0.482 b
Constant -0.450

Significance Levels: *** p < 0.01, ** p <0.05, * p<0.1

The Breusch-Pagan test for heteroskedasticity was undertaken, yielding a statistic of 18.219
with 15 degrees of freedom (p-value = 0.2513). The non-significant result throws no evidence
of heteroskedasticity, showing that the error terms have constant variance. Furthermore, the

weak instruments diagnostics confirm that lag(at) is a strong and valid instrument for at.

Table-11. Model comparisons: robustness checks for AT
Dependent Variable: EBITDA

No Curr Ratio (1) No De Ratio (2) Random Effects (3)

at 0.143** 0.143** 0.145**
(0.001) (0.001) (0.001)
de_ratio 0.012 - -0.007
(0.021) (0.021)
curr_ratio - -0.031 -0.044
(0.070) (0.071)

Constant - 4.462**
(1.357)

Significance Levels: *** p <0.01, ** p <0.05, * p<0.1
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This table sums up the results of robustness checks executed on the relationship between
Total Assets (‘at") and EBITDA. Three models are presented: (1) Excluding Current Ratio
(Ccurr_ratio’), (2) Excluding Debt-to-Equity Ratio (‘'de _ratio"), and (3) A Random Effects
Model. The results are presented below.

The robustness checks offer a comparative analysis of the significance and steadiness of
the at total assets variable across three model specifications: (1) excluding current ratio, (2)
excluding debt to equity ratio, and (3) using a random effects model. Across all models,
the coefficient for at stays constantly significant at the 1% level (p < 0.01) and nearly
identical in significance (approximately 0.143-0.145), upholding its vigorous positive
relationship with EBITDA. The coefficients for the current ratio and debt to equity ratio
are insignificant when held, suggesting they do not affect significantly to describing
EBITDA. The Random Effects model (3) introduces a constant term (4.462), but the overall
explanatory power and conclusions regarding at stay stable across models. This evenness
underlines the consistency of at as a predictor of EBITDA, even when other variables are
excluded, or alternative specifications are applied.

Table-12. Sensitivity analysis (detailed model comparisons)

Model | Coefficient | Std. Error | t-value | p-value | Coefficient | p-value | Coefficient | p-value R? Adj. R?
(at) (at) (at) (at) (de_ratio) | (de_ratio) | (curr_ratio) | (curr_ratio)

Full 0.14334 | 0.0009649 | 148.56 | <0.001 0.01168 0.5719 | -0.03016 0.6668 | 0.64918 | 0.63564

Model

Without 0.14334 | 0.0009649 | 148.56 | <0.001 | Excluded | Excluded | -0.03075 0.6607 | 0.64917 | 0.63566
de_ratio
Without 0.14335 | 0.0009644 | 148.64 | <0.001 0.01182 0.5676 | Excluded | Excluded | 0.64918 | 0.63566
curr_ratio

The sensitivity analysis was conducted by eliminating one predictor variable at a time—
either current ratio or debt-to-equity ratio—from the primary model to estimate the
robustness of the main variable of interest, at (total assets). In the model excluding debt-to-
equity ratio, the coefficient for at was 0.14334, portending a one-unit increase in at is
associated with a 0.14334-unit increase in EBITDA. This effect is highly statistically
significant (p < 0.001), authorizing the robustness of at as a predictor. The current ratio
coefficient was -0.0307, showing a little and statistically irrelevant effect on EBITDA (p =
0.6607). The model's explanatory power, specified by the R? value of 0.64917 (adjusted R?
=0.63566), stayed virtually unaffected compared to the full model. In the model excluding
current ratio, the coefficient for at was 0.14335, once again illustrating a highly significant
and consistent positive effect on EBITDA. The coefficient for debt-to-equity ratio was
0.0118, showing a trivial and statistically insignificant relationship with EBITDA (p =
0.5676).

The R? value was 0.64918 (adjusted R* = 0.63566), identical to the first model. These
results signify that the explanatory power of the model is almost completely driven by at,
as removing current ratio or debt-to-equity ratio does not affect the model's fit or the
significance of at. Therefore, the sensitivity analysis confirms that at (total assets) is a
robust and consistent predictor of EBITDA, while both current ratio and debt-to-equity
ratio have slight and statistically insignificant effects. This reinforces that the primary
driver of variation in EBITDA in this dataset is at, aligning with the focus of my research.
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Table-13. Reverse causality test results
Granger Causality Test F-Statistic p-Value Conclusion
Does EBITDA Granger-cause at? 0.8504 0.3564 No Granger causality

Causality and feedback are defined in an explicit and testable fashion (Granger, C. W. J.
(1969). The Granger causality test examines whether past values of EBITDA (lagged
EBITDA) enhance the prediction of at (total assets) over and above the predictive power
of lagged values of at alone. Since the p-value (0.3564) is greater than the regular
significance threshold (e.g., 0.05), there is no evidence to suggest that EBITDA Granger-
causes at. Since the p-value > 0.05, we conclude that there is no noteworthy evidence that
past values of EBITDA (lagged EBITDA) advance the prediction of at (total assets). This
suggests that past values of EBITDA do not meaningfully improve the prediction of at
beyond the information provided by past values of at itself.

Checking for Multicollinearity
Table-14. VIF results

Variable VIF Value

at 1.019661
de_ratio 1.000519
curr_ratio 1.020154

The analysis of multicollinearity among the independent variables shows the smallest
concerns, as all variance inflation factor (VIF) values are close to 1. For at (Total Assets),
the VIF is 1.019661, proving a negligible contribution to multicollinearity. Likewise, the
debt-to-equity ratio has a remarkably low VIF of 1.000519, further strengthening the
absence of multicollinearity issues. Finally, the current ratio also shows a VIF of 1.020154,
suggesting that this variable, too, does not pose multicollinearity concerns. These results
authorize the autonomy of the predictors, ensuring the reliability of the regression
coefficients in the model.

Results and Discussion
Key Findings

One of the main concerns of the company is the effort to achieve the desired level of profit
(Purba, J. H. V., & Bimantara, D. (2020). EBITDA, or earnings before interests, taxes,
depreciation and amortization, is a performance system of measurement positioned for
many purposes including corporate valuation, managerial performance and solvency
measurement (Bouwens, J., de Kok, T., & Verriest, A. (2019). This study analyzed the
financial performance of U.S. and Canadian firms by evaluating the relationship between
total assets (at) and EBITDA. The findings show that total assets play a critical role in
driving profitability. The Fixed Effects model appeared as the most reliable econometric
approach, outdoing the Random Effects model with greater adjusted R? values (77.86% vs.
66.31%) and lower AIC and BIC scores, being a better explanatory power and model fit.

Machine learning techniques, specifically the Support Vector Machine (SVM), proved
superior predictive accuracy, achieving 89.4% accuracy with an extensive Kappa statistic
of 0.7879. These results verify the efficiency of SVM in categorizing firms based on
financial performance, surpassing traditional econometric models in predictive capability.
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Mechanisms of Influence

The mechanism through which total assets affect EBITDA lies in their ability to support
operational efficiency and revenue generation. Firms with bigger total assets are better
equipped to invest in productive resources, improve efficiency, and scale operations, and
at once contribute to profitability. Nevertheless, the influence of financial ratios, such as
the Debt-to-Equity Ratio and Current Ratio, was found to be more nuanced. While their
direct effects on EBITDA were fragile, they influence indirectly by ensuring financial
stability and lowering operational risks.

Implications

The study highlights the importance of incorporating econometric and machine learning
techniques to analyze financial performance. For stakeholders, the findings accentuate the
significance of augmenting asset use and managing liquidity and leverage to maximize
profitability. For researchers, the study links the gap between traditional and modern
analytical methods, paving the way for more vibrant and predictive financial models.

Limitations of the Study

This study, while presenting constructive insights into the financial performance of U.S.
and Canadian firms, has several limitations. First, the dataset, although extensive in its
sequential coverage from 1950 to 2023, concentrates exclusively on firms from two
countries. This geographical restriction confines the generalizability of findings, as
financial dynamics can differ significantly in regions with contrasting economic conditions
or regulatory environments. Furthermore, the study predominantly relies on quantitative
financial data, overlooking qualitative factors such as management efficacy, market
competition, or macroeconomic effects. These omitted variables might potentially have
significant impacts on EBITDA but were outside the range of the present analysis.
Additionally, the econometric models imagine linear relationships between variables,
which may generalize complex interactions within financial systems. While machine
learning models to a degree address this restriction, they also rely heavily on the quality of
the data and feature engineering.

Another restriction arises from the accumulated nature of the dataset, which spans multiple
industries. Sector-specific nuances, such as contrasting levels of asset efficiency or
industry-specific financial structures, are not completely captured. This aggregation can
dilute findings that could be more discerning within a single sectoral setting. Moreover,
while the Support Vector Machine (SVM) showed enhanced predictive performance, it is
intrinsically sensitive to hyperparameter adjusting and data preprocessing methods, which
might curb its robustness in other datasets. The prohibition of alternate machine learning
models or hybrid methodologies, such as ensemble learning techniques, depicts another
limitation, as such approaches could yield even higher precision and reliability. Largely,
while the study provides a sharp foundation for understanding asset-driven financial
performance, these restraints suggest areas for methodological refinement and data
expansion.
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Scope for Further Research

Building on the restraints, future research offers several opportunities to strengthen and
widen the insights provided by this study. Geologically, mounting the analysis to
incorporate firms from varied regions, such as Europe, Asia, or emerging markets, would
augment the comparison and relevance of the findings across several economic and
regulatory contexts. Such expansion might reveal how regional differences in capital
markets or governance practices affect the relationship between total assets and
profitability. Furthermore, conducting sector-specific studies would offer more granular
insights into how unique industry dynamics shape financial performance.

Conclusion

This study offers meaningful insights into the financial performance of U.S. and Canadian
firms by emphasizing the pivotal role of total assets in driving profitability, computed
through EBITDA. By keeping both traditional econometric models, such as Fixed Effects
and Random Effects, together with current machine learning techniques like Support
Vector Machines (SVM), the research delivers a robust framework for understanding and
envisaging financial outcomes. The findings acknowledge the dire influence of asset
structures on EBITDA, showing that greater firms with optimized resource allocation tend
to reach superior financial performance. The Fixed Effects model appeared as the more
trustworthy econometric approach, given its better fit and predictive accuracy.

Additionally, the SVM model outperformed traditional models in predictive capability,
with high accuracy, sensitivity, and specificity, highlighting the value of machine learning
in financial performance analysis. The combination of econometric rigor with the advanced
predictive capabilities of machine learning highlights a thorough approach to assessing firm
performance. This dual method not only augments understanding but also offers reasonable
tools for stakeholders looking to improve financial strategies.

The analysis also highlights the nuanced roles of financial ratios, such as the Current Ratio
and Debt-to-Equity Ratio, in shaping profitability. While these factors display constrained
direct effects, their indirect contributions through liquidity and leverage management are
critical for sustaining operational efficiency. Addressing endogeneity concerns and
ensuring robustness through extensive diagnostic testing further strengthens the legitimacy
of the results.

This research contributes to the literature by bridging the gap between traditional financial
analysis and modern machine learning applications, offering a scalable framework for
investigating firm performance across distinct sectors and regions. Future studies could
expand upon these findings by discovering other variables, employing alternative
algorithms, and measuring cross-industry dynamics to refine predictive models further.

The findings present actionable insights for corporate managers, investors, and
policymakers, offering evidence-based guidance to increase decision-making. By using the
interplay between asset structures, financial ratios, and advanced analytical techniques,
firms can improve resource use, improve profitability, and ensure long-term financial
sustainability.
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Introduction

Energy security is known as one of the most significant challenges facing the world today,
affecting both national economies and citizens’ lives. Although energy poverty is lower in
developed countries than in developing countries, it is mainly reflected in the difficulties
of availability and accessibility (Che et al., 2021). After the adoption of Sustainable
Development Goal 7 (SDG 7) and the Energy Poverty Observatory (EPOV), which
promoted access to energy resources for all European states, the countries started to
implement strategies against energy poverty (EnR, 2019). Zhao et al. (2022) conclude that
the use of renewable energy as a substitute for traditional sources has significantly
alleviated energy poverty only in European countries. In Romania, expanding renewable
energies, particularly solar and hydroelectric, reduces dependence on fossil fuels and
combats energy poverty. Integrating solar energy into the energy mix promotes
diversification and supports the development of ecological infrastructure, which is critical
for sustainable energy and economic growth (Pisica et al., 2024).

Geopolitical tensions caused by the war in Ukraine have disrupted the trend of European
countries adopting renewable energy. Sanctions imposed on Russia increased the existing
pressure on energy-vulnerable households after supply was reduced and electricity prices
soared. The REPowerEU Plan, adopted in 2022 as part of the European Union’s consumer
protection efforts, sought to diversify energy sources while reducing the reliance on fossil
fuel imports from Russia. Thus, the support provided by the EU to member states has been
substantial, based on the severity of the crisis encountered (Moniek de Jong, 2024).

Considering the economic and social changes brought about by the armed conflict in
Ukraine, this paper aims to create a profile of European citizens affected by rising
electricity prices. Using data from Flash Eurobarometer 514 (2022), a series of indicators
reflecting citizens' assessment of the EU’s economic measures to support Ukraine during
the war and the efforts to cut electricity consumption can be included in the analysis.
Vulnerable groups can be characterized by demographic features such as age, region of
origin, or household size, as well as by attitudes toward the war and solidarity with the
Ukrainian people. Despite a growing body of literature on the energy crisis in Europe and
on measures aimed at reducing energy consumption, few studies have systematically
analyzed the socio-demographic profiles of vulnerable citizens in a multi-crisis context
combining economic pressures, rising energy prices, and geopolitical instability. Moreover,
the integration of citizens' behavioral responses and perceptions of the war in vulnerability
assessments remains underexplored. This study addresses these gaps using logistic
regression on recent Eurobarometer data.

The paper is organized as follows: Section 2 provides a concise literature review of energy
poverty in recent years. Section 3 outlines the methodology and data employed in the
research. The principal findings are detailed in Section 4, and the final section offers
conclusions.
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Literature Review

Energy security is one of the major challenges of the modern world. Many studies have
focused on the factors that cause this phenomenon and its effects on the economy and
society. The study by Kroger et al. (2023), using data from the German Socio-Economic
Panel (SOEP) for 2015-2020, finds that home ownership, energy efficiency, and building
type contribute to inequalities in natural gas expenditures among German citizens.
According to the authors, these inequalities have been exacerbated by rising gas prices.

Rossella Bardazzi et al. (2023) employ Latent Class Analysis to explore energy poverty in
five European countries (Greece, Spain, Italy, France, and Portugal), gathering data from
the EU-SILC database for the period 2008-2019. The study identifies three classes of
energy poverty and highlights factors such as income, housing size, and age that affect
energy vulnerability. The research also illustrates how energy-poor households struggle
with living conditions and heating capacity compared to energy-sufficient households,
with variations across the countries analyzed. van Hove et al. (2022) reached similar
conclusions about the determinants of energy poverty. The authors used data from the 2018
Enable-EU questionnaire across 11 European countries (Bulgaria, France, Germany,
Hungary, Italy, Norway, Poland, Serbia, Spain, Ukraine, and the United Kingdom) to
assess the risk of energy poverty using machine learning techniques. The analysis revealed
universal predictors of energy poverty, such as income and housing size, in several
countries, as well as specific factors, such as dwelling age, whose impact varies by country.

In Spain, Capetillo-Ordaz et al. (2024) explored the energy transition from a gender
perspective. Using disaggregated demographic and socioeconomic data, the authors
identified 86 energy-vulnerable zones for women and 36 for men in Madrid, most of which
were concentrated in the southeastern part of the city.

The onset of the armed conflict in Ukraine further intensified the energy crisis, widening
the gap between the energy security goals set by European states and the reality faced by
the population. In reaction to repeated Russian attacks, the European Commission proposed
a series of restrictive measures. Cui et al. (2023) examine the macroeconomic effects of
power outages due to the Russia-Ukraine war, modeling three scenarios of escalating trade
restrictions. Applying the GTAP-E general equilibrium model, the paper predicts price
increases for regional commodities and energy (except in Russia and Ukraine), with
significant effects on global supply chains and potential economic stagnation. The war in
Ukraine has also led to a re-evaluation of energy transition strategies in Europe, including
the postponement of coal mine closures in Germany due to the loss of access to Russian
gas and an increase in natural gas extraction in Norway to compensate for the deficit,
according to Antje et al. (2023).

In the 2023 public policy document, Eurodiaconia assessed public programs targeting
energy poverty in Austria, the Netherlands, Serbia, and Germany. In Austria, increased
energy poverty led to the introduction of financial aid for energy bills and the replacement
of energy-inefficient appliances, which helped prevent disconnections and supported
vulnerable households, particularly in urban areas. In 2022, the Netherlands recorded
600.000 households with energy problems. The "SchuldHulpMaatje" project addressed this
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challenge by offering financial assistance through an advanced software system that
helped identify high-risk areas of energy poverty and intervene effectively (Eurodiaconia,
2023).

Before the first armed attack by the Russian Federation on February 24, 2022, Ukraine
introduced protection policies for the vulnerable population, offering subsidies and bill
reductions. By January 1, 2021, over 3.1 million households benefited from subsidies, and
1.8 million families received bill reductions between 25% and 100%. The prohibition of
heating disconnections in winter was also an example of a non-financial support
mechanism. Before the war, the primary strategy to address energy poverty focused on
improving the energy efficiency of vulnerable consumers' homes. Policy measures such as
the Energy Poverty Mitigation Program and housing energy rehabilitation programs aimed
to improve energy efficiency and solve heating problems in urban and rural areas.
Ukrainian authorities promoted the replacement of outdated household appliances with
energy-efficient models, the improvement of heating systems, and the adoption of cost-
effective energy efficiency solutions (including energy audits) to reduce excessive energy
consumption and alleviate energy poverty (Ban et al., 2021).

The outbreak of the war in Ukraine not only deepened the differences between energy-
vulnerable groups but also widened disparities within the Ukrainian population. Supporting
refugees from Ukraine is, therefore, a key aspect of crisis management in this context.
According to the analysis conducted by Zakarias et al. (2023), most Hungarians who
responded to the questionnaire (approximately 70%) were willing to accept refugees from
any social group during the war. However, acceptance of refugees for a longer period was
only observed among Transcarpathian Hungarians. Romani refugees from Ukraine and
students from Africa and Asia were less accepted, indicating ethnic and racial prejudices.
Hungarian civil society responded through various forms of aid, including material
donations (23% of survey respondents) and financial donations (23%), volunteering (8%),
hosting (2%), and assistance in finding a job (4%).

Women belong to one of the most vulnerable groups of refugees, as evidenced by field data
from refugee reception points in Poland and Germany during the spring and summer of
2022. Women account for more than 80% of refugees and often travel with children. This
reflects that migration is driven by the need for safety, which contrasts with earlier
migration patterns that were predominantly male and work-oriented. Furthermore, pre-war
social networks help Ukrainian refugees in Poland establish contacts with other Ukrainians
(44%) or with Poles (43%) (Andrews et al., 2023).

In Ukraine, the outbreak of war led to regular power blackouts, severely restricting access
to water and communications. This forced many households, mostly headed by women, to
rely on wood and biomass for heating and cooking and to fetch water from rivers and
streams. This situation particularly affected single mothers and women who are the sole
breadwinners of the family, who make up over 70% of household heads in Ukraine. The
war in Ukraine has affected energy, transport, and public security, limiting women's access
to essential public services, which they rely on more than men for managing households
(UN Women, 2022).
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Methodology

This study aims to identify energy vulnerabilities among the European population in the
current context of the energy crisis and the Russian-Ukrainian war. To define a profile for
vulnerable energy consumers, we use logistic regression based on the notations imposed
by Gujarati and Porter (2009).

Our dependent variable, Y, represents the degree to which rising energy prices influence
customers’ purchasing power. In our case, the dependent variable can take two possible
values: 1 if rising energy prices impact purchasing power, and 0 otherwise (when rising
energy prices do not influence purchasing power). In this case, the dependent variable
follows a Bernoulli distribution.

Equation (1) presents the probability associated with an achievable event conditioned by a
series of independent or explicative variables denoted by X, where k = 1,p. Usually, this
probability is denoted by P, and the equation used in practice is:

1
’Xk) - 1+ e_(a+ﬁ1*X1+ﬁz*X2+"'+ﬁk*Xk) (1)

P = E(Y = 1|X1,X2,

Another important measure usually used in practice is the odds ratio, which evaluates the
possibility of a favourable event to occur.

P

1-P
The logit model is obtained after applying the natural logarithm to Equation (2), and the
coefficients are estimated using the maximum likelihood method.

= e@tB1*X1+BoxXo+-+BrxXy (2)

L=1In

1_P=0_’+,81*X1+,32*X2+'"+.Bk*xk (3)

Data

Table 1 comprises the variables utilised in this research, which are divided into independent
and dependent variables according to our chosen method to define a profile that describes
the vulnerabilities in the energy crisis background. More than that, we intend to identify
the key characteristics of vulnerable groups in the context of energy crises and war. In line
with the scope of this research, we choose our dependent variable to be reflected by the
impact of increasing energy prices on the consumer’s purchasing power. Also, we include
multiple independent variables in our model, such as demographic variables (age, sex,
income, occupation, household composition), attitudes towards the measures adopted by
the European Union in the Ukrainian war context (economic sanctions, military and human
support, reducing the dependency towards Russian gas and oil), European Union current
economical situation, the impact of war on regenerable resources, and also the measures
taken into consideration by consumers to reduce their energy and electricity bills.
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Table 1. Variables description

No. | Variable | Codification

Demographic variables

1. Sex F —reference and M

2, Difficulties encountered while paying bills in the last 12 months | Always & sometimes — reference and Almost never and
never

3. Age 15 — 24 — reference; 25 — 39; 40 —54; over 55 years

4. Ocupation Employee - reference; entrepreneur; no occupation

5. Adults living in the household (over 15 years) one adult - reference; 2 adults; 3 adults; more than 4
adults

6. Provenience region West Europe - reference; North Europe; South Europe,

Central and Eastern Europe

Independent variables

7. Measures announced by the EU - Economic sanctions against | Disagree and Agree
the Russian government, companies and individuals

8. Measures announced by the EU - Financing the purchase and | Disagree and Agree
supply of military equipment to Ukraine

9. Measures announced by the EU - Providing humanitarian | Disagree and Agree
support to the people affected by the war

10. Economic situation of the EU Bad and Good

11. The EU should continue to take actions to reduce its dependency | Disagree and Agree
on Russian gas and oil as soon as possible
12 The war in Ukraine makes it more urgent for EU Member States | Disagree and Agree
to invest in renewable energy
13. The war in Ukraine makes it more urgent for EU Member States | Disagree and Agree
to invest in nuclear energy
14. The price of electricity should not depend on the price of gas Disagree and Agree
15. | Actions to cut down the energy consumption and energy bills - | No and Yes

Unplug electronic appliances when not in use
16. Actions to cut down the energy consumption and energy bills - | No and Yes
Reduce room temperature at home or work

Dependent variables
17. Rising energy prices have a significant impact on my purchasing | Disagree and Agree
power

The Flash Eurobarometer 514 — EU’s Response to the Energy Challenges is used to identify
the energy vulnerabilities among Europeans and consumers’ energy consumption behavior
in the energy crisis and the Ukrainian war. The profile of energetic vulnerable consumers
is defined using sixteen independent variables from Flash Eurobarometer 514, depicted in
Table 1. Some variables were recoded, and irrelevant responses such as ,,Do not know”,
along with the missing responses, were excluded from the analysis. Finally, the dataset
contains 16054 observations. The sample is representative, and the geographical coverage
is homogenous among the EU27 countries. The data was collected between the 23rd of
November 2022 and the 30th of November 2022.

Main findings

According to Figure 1, European citizens faced difficulties caused by the increasing price
of energy and electricity. The effects of increasing energy prices are manifested among
Portuguese citizens (94.7% of them are affected by the price increase in the energy sector),
Greek citizens (the purchasing power of 93.2% of them is impacted by the changes that
appeared in the energy sector), citizens of Cyrpus (93.1%), Polish citizens (90.3%) and
Lithuanian citizens (90.2%). An overview of the questions investigated can be found in the
Appendix.
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Figure 1. The impact of rising energy prices on purchasing power by the country of origin

Source: Own computation in Excel using Flash Eurobarometer 514.

Table 2 summarizes the logistic regression estimates. Multiple logistic regression models
containing various explicative variables were employed, but the final model was chosen
according to the coefficients' significance and their economic interpretability. Also, to
select the best model, we employed a robust analysis and checked the impact of adding or
excluding some variables from the model. The minimal AIC value characterizes the
selected model.

Over time, women faced various difficulties related to their participation and integration in
the educational system or on the labour market, which was reflected directly on their
incomes. Different barriers affect their well-being, such as accessing well-paid jobs or even
leadership positions. There were significant differences between women and men in these
areas, but gradually they decreased. In the same manner, at least in a crisis context, women
are more inclined to be affected by the changes manifested by these shocks. Some examples
are the energy crisis and the Ukrainian war, which are characterised by increasing energy
prices. Considering these aspects, women tend to be more energy vulnerable as their
purchasing power is highly influenced by rising energy prices compared to men. EPRS
(2023) highlights similar characteristics of energy-vulnerable women, which are
exacerbating the existing disparities between them and men.
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Individuals who encountered constant or periodic difficulties while paying the energy and
electricity bills in the last 12 months are more affected by the increase in energy prices
compared to those who never faced financial problems related to paying bills. Specifically,
these consumers are 62.2% more likely to be classified into the energy-vulnerable category,
whose purchasing power is extremely impacted by the intensification of prices. Identifying
energetic vulnerable customers can be asses by considering the difficulties observed while
paying their bills as a proxy for their income. Considering this, we can conclude that
customers who face financial problems while paying their bills are more likely to belong
to the lower-income segments. The same results were obtained by Van de Hove et al.
(2022), according to which lower-income households are more prone to be energy-poor.

Rising energy prices affect all age groups except those aged 25-39. Individuals over 55 are
the most affected, being 149.2% more likely to experience reduced purchasing power,
followed by those aged 40-54, who are 130% more likely to be classified as energy
vulnerable compared to the youngest age group.

We can observe that entrepreneurs tend to be less affected by the increase in energy and
electricity prices than those employed. On the other hand, there are no significant
differences between employees and people without a professional activity regarding the
impact of increasing electricity prices on their purchasing power.

Household composition is a key factor in identifying possible energy vulnerabilities among
European consumers. So, the purchasing power of households composed of two people
over 15 years is impacted by energy price intensification. The purchasing power of
households composed of more than four adults is not influenced by the price
intensifications reflected in the energy and electricity sectors compared to single-adult
households. Households mainly consisting of three adults are 125.8% more likely to be
classified into the energy-vulnerable category than single-adult households. Similar results
are reported by Bardazzi et al. (2023); according to them, the household dimension directly
impacts the probability of including the households in the energy-vulnerable and energy-
poor customers’ categories.

Table 2. Logistic regression estimates

Variable Coefficient Od(_is
ratio

Sex (F — reference) -0.087* 0.916
Difficulties encountered while paying bills in the last 12 months (Most of the time & time to time — -0.971** 0.378
reference)
Age (15 — 24 years — reference)
= 25-39 years 0.052 1.053
= 40 - 54 years 0.264*** 1.302
= over 55 years 0.400*** 1.492
Occupation (employee - reference)
= Entrepreneur/Self-employed -0.268*** 0.764
= Without a professional activity -0.008 0.991
Number of adults (over 15 years) living in household (one person — reference)
= 2 persons 0.164*** 1.178
= 3 persons 0.230*** 1.258
= >4 persons 0.138 1.149
Provenience region (West Europe - reference)
= South Europe [ 0463 | 1,590
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. - Odds

Variable Coefficient ratio
= North Europe -0.300*** 0.740
= Eastern and Central Europe 0.378*** 1.460
Measures announced by the EU — Economic sanctions against the Russian government, companies -0.180* 0.834
and individuals
Measures announced by the EU - Financing the purchase and supply of military equipment to Ukraine -0.229** 0.795
Measures announced by the EU — Providing humanitarian support to the people affected by the war 0.716*** 2.046
Economic situation of the EU -0.384* 0.680
The EU should continue to take actions to reduce its dependency on Russian gas and oil as soon as 0.427** 1.534
possible
The war in Ukraine makes it more urgent for EU Member States to invest in renewable energy 0.430*** 1.537
The war in Ukraine makes it more urgent for EU Member States to invest in nuclear energy 0.421*** 1.524
The price of electricity should not depend on the price of gas 0.999** 2.717
Actions to cut down the energy consumption and energy bills — Unplug electronic appliances when not 0.351** 1421
in use
Actions to cut down the energy consumption and energy bills — Reduce room temperature at home or 0.228*** 1.257
work
Intercept -0.313** 0.731
AIC 11241

Note: *** - 1% significance level; ** - 5% significance level; * - 10% significance level.
Source: Authors’ computation in RStudio 4.1.

Another important demographic factor that strengthens the possibility of European
customers being affected by energy poverty is the region of origin. The most affected
regions are Southern, Central and Eastern Europe. Southern European citizens are 159%
more likely to be affected by the energy price amplification than Western European
citizens. Otherwise, Northern Europeans are characterized by lower chances of being
influenced by price modifications in the energy and electricity sectors.

The EU’s financial measures announced as a response to the Ukrainian Russian war, like
economic sanctions against the Russian government, companies and citizens and financing
the acquisitions and providing the necessary military equipment to Ukraine, are associated
with reducing the customer’s chances to be affected by the intensification of prices. On the
other hand, Europeans agreeing with the human support offered by the EU to Ukrainian
war victims are more prone to be vulnerable to any price changes on electricity and energy
sectors.

European citizens, considering that the EU’s economic situation is prosperous, tend to be
less affected by the expansion of prices into the energy and electricity markets than the
citizens who have a negative view of the actual situation of the European economy.

It is widely known that Russia is one of the biggest gas producers worldwide. Many
European countries are dependent on Russian gas and oil. Even before the war started,
many European countries started to reduce their dependency and focus on more friendly
environmental sources, like renewable energy. Since the war started three years ago, EU
member states have been more eager to reduce their dependency on Russian resources. In
this manner, Europeans who agree with the EU initiatives on reducing dependency on
Russian gas and oil are 153.4% more likely to be affected by rising energy prices, unlike
the reference group that does not consider it essential that the EU should cut down their
reliance on Russian resources. As mentioned, the Ukrainian war has serious implications
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for the diversification of energy sources and the energy needs of EU member states'
security. So, individuals considering the Ukrainian war a faster trigger to implement
investments in renewable and nuclear energy manifest a considerable reduction of their
purchasing power compared to those who do not consider these measures urgent and
necessary. In this context, the data can be interpreted as a signal of public demand for
stronger and sustained EU action on energy transition. The support expressed by energy-
vulnerable citizens for renewable and nuclear investments suggests a recognition of the
need to reduce dependency on volatile fossil fuel markets and to build a more resilient,
sustainable energy system. This further underlines the importance of continuing and
intensifying EU efforts aligned with the objectives set out in the REPowerEU plan and
Sustainable Development Goal 7.

Europeans’ view on the dependency that should exist or not between electricity prices and
gas prices plays an important role in identifying energy vulnerabilities among customers.
Europeans who agree that electricity prices should not depend on gas prices are 271% more
likely to be influenced by a possible expansion of electricity prices than citizens who
recognize that both prices are dependent on each other. In line with the European
Commission's initiatives to reform the electricity market, this finding reinforces the
demand for structural decoupling of electricity and gas prices, especially to protect
consumers already experiencing high levels of energy stress. Revising the marginal pricing
system to better reflect the actual cost of renewable energy generation would not only
enhance fairness but also improve resilience in times of energy shocks (Fabra, 2023).

Individuals who adopt energy-saving behaviors, such as unplugging electronic devices or
lowering indoor temperatures, are significantly more likely to report that rising energy
prices have impacted their purchasing power. Specifically, those who unplug appliances
are 142.1% more likely to feel economic strain, while those who reduce room temperatures
are 125.7% more likely to experience diminished purchasing power. These results imply
that these practices are not proactive behaviors reflected by environmental concern, but
reactive coping mechanisms employed by energy-vulnerable households. In this regard,
behavioral indicators may reflect more indirect measures of energy stress and economic
hardship.

Energetic vulnerable profile includes mainly women, individuals who faced difficulties in
the last 12 months while paying bills, adults over 40 years, households composed of two or
three persons, Southern, Eastern and Central Europeans and consumers who take active
measures to reduce their energy consumption and their bills, like unplugging the electronical
devices when are not used and decreasing the temperature in rooms at home or even at work.

Conclusion

Using logistic regression and Flash Eurobarometer 514, we aimed to identify key
characteristics that illustrate the vulnerabilities faced by European citizens in the context
of the energy crisis and war between Ukraine and Russia. As already stated, Russia is one
of the most important oil and gas producers and international exporters. The war started in
2022 between Ukraine and Russia, exacerbating the existing energy problems faced by
European countries. The EU’s member states started various initiatives to reduce their
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reliance on Russian oil and gas resources. In this context, the existing disparities among
Europeans are amplified by the increasing energy prices. At the same time, their purchasing
power is also threatened, and their well-being is affected. We identified some demographic
characteristics commonly distributed among European citizens. The profile of affected
people includes women, individuals over 40 years, low-income households, middle-sized
households and citizens of Southern, Eastern and Central Europe. Already affected citizens
are taking different actions like unplugging unused electronic devices or reducing the
room’s temperature to reduce their consumption and bills. Addressing energy poverty in a
war-driven crisis context requires not only technical solutions but also structural reforms
that center on equity, inclusivity, and systemic recognition of marginalized populations.
Energy transitions must be just transitions, ensuring no one is left behind — especially
those already most burdened by economic and geopolitical instability.

Our findings are consistent with recent studies highlighting energy vulnerabilities among
European citizens. However, the analysis should be extended by identifying behavioral
coping mechanisms and integrating citizens’ perceptions of the ongoing war. Some
limitations are characterizing this research, like the period when the interviews were collected
at an early stage of the energy crisis, results may not capture more recent adaptive behaviors
or policy effects, the Eurobarometer should be retaken to reflect the latest changes in the
customers’ behavior; the lack of studies focused on the energy crisis and the social
implications along with the identification of vulnerable groups in a multi-crisis context.

Future research directions based on this study should consider using machine learning
techniques to classify customers into the vulnerable category based on their characteristics
or to identify the principal factors defining the vulnerable energy group. Better results
should be achieved using various classifiers, such as decision trees or even random forest
techniques, which are particularly effective at capturing nonlinear relationships and
complex interactions between variables.
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Figure 2. Relationship between rising energy prices and energy-saving behaviors
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Table 3. The proportion of respondents who chose two energy-saving methods
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Figure 3. The relationship between rising prices and purchasing power in the context of the war in Ukraine
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Figure 4. Relationship between rising energy prices and attitudes toward the war
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Abstract. This study examines the relationship between Foreign Direct Investment (FDI) and
economic growth in Morocco. A VAR model and Granger causality tests, applied to World Bank
data (1970-2024), reveal unidirectional causality from FDI to growth: a 1% shock to FDI generates
a cumulative 0.3% effect on GDP, confirming FDI’s role as an economic growth determinant.
Morocco has enhanced its attractiveness through structural reforms (Tanger Med, the Green
Morocco Plan, etc.) and significant sectoral diversification. However, challenges persist: post-
Covid vulnerability, reliance on traditional sectors (tourism, phosphates, light industry), and
institutional shortcomings. The findings call for strengthening governance, prioritizing technology-
driven FDI, and investing in education to maximize spillover effects.

Keywords: FDI, economic growth, Morocco, VAR model, Granger causality.

JEL Classification: O1, O16.



192 Anas Mossadak

Introduction

Foreign Direct Investment (FDI) plays an important role in the development strategies of
emerging economies, particularly in an era of accelerated globalization. Recognized as a
lever for economic growth due to its threefold role—technology transfer, job creation, and
integration into global value chains—FDI is the subject of intense academic and policy
debates. However, its impact remains ambiguous, oscillating between opportunities for
modernization and risks of structural dependency, as illustrated by theoretical divergences
between neoclassical approaches (Solow, 1956; Borensztein et al., 1998) and structuralist
critiques (Prebisch, 1950; Frank, 1967).

Morocco serves as a compelling case study to explore this issue. Since the 1980s, the
Kingdom has undergone a remarkable transition from a protectionist economy to a regional
hub open to international capital, driven by ambitious reforms (free zones, mega-industrial
projects) and targeted sectoral diversification (automotive, renewable energy,
digitalization). While FDI inflows surged from 2.6 billion in 2000 to nearly 4 billion in
2023, their tangible contribution to national economic growth remains underexplored.

This study aims to empirically analyze the relationship between FDI and economic growth
in Morocco over the period 1970-2024. Using a VAR (Vector Autoregressive) model and
Granger causality test, we examine two central hypotheses: (1) Does FDI significantly
stimulate Morocco’s GDP? and (2) Is there reverse causality, whereby growth attracts more
FDI?

The results reveal unidirectional causality from FDI to economic growth, with a cumulative
0.3% eftect on GDP following a 1% shock FDI. However, this relationship is conditional on
structural factors, such as institutional quality and sectoral concentration—manufacturing
and technology-driven FDI demonstrating greater spillover effects than extractive industries.

This study is structured into four parts. The first and second section synthesizes the
theoretical and empirical foundations of the FDI-growth nexus. The third section traces the
evolution of FDI in Morocco, contextualized by economic and geopolitical reforms.
Finally, the last section presents the econometric analysis and discusses its implications for
public policy.

1. Theoretical Literature Review

The relationship between FDI and economic growth is a central topic in development
studies. Since the pioneering work of Hymer (1960) and Dunning (1977), this relationship
has been analyzed from various angles, reflecting both convergent and conflicting
perspectives. This literature review synthesizes key theories, transmission mechanisms,
and controversies.

Neoclassical theories posit that FDI stimulates economic growth through physical capital
accumulation, technology transfer, and productivity improvements (Solow, 1956).
According to this view, FDI addresses the savings gap in developing countries (Chenery &
Strout’s, 1966) and introduces advanced technologies, thereby reducing productivity gaps
with developed nations.
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Conversely, the structuralist school (Prebisch, 1950 and Singer, 1950) and dependency
theory (Frank, 1967) emphasize the asymmetric effects of FDI. These frameworks argue
that multinational corporations exploit host countries’ resources, exacerbate sectoral
imbalances (by favoring extractive industries), and create "technological dependence,"
limiting long-term growth spillovers.

Dunning’s (1977) OLI framework (Ownership, Location, Internalization) offers a
multidimensional analysis: FDI depends on firms’ specific advantages (e.g., intellectual
property), host-country characteristics (political stability, infrastructure), and
internalization costs. This paradigm highlights that FDI’s growth impact is conditioned by
the host country’s absorptive capacity.

Endogenous growth models (Romer, 1990; Grossman & Helpman, 1991) integrate FDI as
a vector of technological diffusion. Borensztein et al. (1998) demonstrate that FDI
generates positive externalities (spillovers) via workforce training, imitation by local firms,
and access to global networks. However, these effects depend on human capital levels (Xu,
2000): a minimum threshold is required to internalize imported technologies.

Theoretical studies also underscore the interplay between FDI and institutions. Alfaro et al.
(2004) argue that FDI fosters inclusive growth only if the host country has a developed
financial system, transparent governance, and strong property rights. Similarly, trade
openness (Balasubramanyam et al., 1996) and competition policies (Aitken & Harrison,
1999) amplify FDI spillovers.

The question of reverse causality remains debated: does economic growth attract FDI (via
expanded markets), or vice versa? Hansen & Rand’s (2006) VAR models conclude
bidirectional causality, but with regional variations. Sectoral differences also matter:
manufacturing and high-tech FDI yield more positive effects than extractive industries
(Moran, 2011) and middle-income countries benefit more from FDI than least-developed
ones due to higher absorptive capacity (Durham, 2004). Critics further warn of crowding-
out effects (multinationals displacing local firms) and capital volatility (Carkovic &
Levine, 2005), as well as reduced public revenues from excessive tax incentives in fiscal
competition (Klemm & Van Parys, 2012).

In conclusion, the FDI-growth relationship remains complex and contingent. While
neoclassical and endogenous growth theories emphasize FDI’s transformative potential,
structural critiques and empirical limitations remind us that its benefits are neither
automatic nor universal.

2. Empirical Literature Review

FDI is supposed to stimulate growth through multiple channels: technology transfer and
positive spillovers, human capital accumulation, financial development, and institutions
and governance. Multinational firms introduce advanced technologies and managerial
practices, fostering spillovers for local firms (Borensztein et al., 1998; Xu, 2000). FDI also
incentivizes host countries to invest in education to meet skill demands (Borensztein et al.,
1998; Alfaro et al., 2004). Additionally, FDI enhances credit access and market liquidity
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(Alfaro et al., 2004; Hermes & Lensink, 2003). Finally, FDI drives institutional reforms
(property rights protection, anti-corruption measures), creating a growth-conducive
environment (Busse & Groizard, 2008; Azman-Saini et al., 2010).

Numerous studies confirm FDI’s positive growth impact, particularly in developing
countries (DCs). Analyzing 69 DCs, Borensztein et al. (1998) find that FDI stimulates
growth only when a minimum human capital threshold exists. Alfaro et al. (2004) show
FDI accelerates growth in countries with developed financial markets, enabling capital
reallocation to productive sectors. A meta-analysis of 88 studies (Durham, 2004) concludes
positive effects dominate, especially when FDI targets technology-intensive sectors.

However, some studies challenge this consensus. Carkovic & Levine (2005) find no
significant FDI-growth link after controlling for endogeneity (high-growth countries attract
more FDI). Hansen & Rand (2006), using long-term causality analysis, reveal
unidirectional relationships, where growth attracts FDI, but the reverse is inconsistent.
Ayanwale (2007) and Adams (2009) emphasize sectoral heterogeneity: extractive
industries (oil, mining) yield fewer spillovers than manufacturing.

The literature underscores that FDI benefits depend on structural and institutional factors.
Middle-income countries gain more from FDI than least-developed ones due to superior
absorptive capacities (Blomstrom et al., 1994; Wang, 2020). Transparent governance and
strong property rights amplify FDI spillovers (Busse & Groizard, 2008; Azman-Saini et al.,
2010). Open economies, where local firms integrate into global value chains, also see
stronger FDI impacts (Balasubramanyam et al., 1996; Jude & Levieuge, 2017). Targeted
industrial policies (R&D subsidies, infrastructure) further enhance FDI’s growth effects
(Rodrik, 2004; Crespo & Fontoura, 2007).

3. Evolution of FDI in Morocco

Since the 1970s, Morocco has undergone a major economic transformation, shifting from
a protectionist economy to a regional hub open to international investment. FDI has played
a pivotal role in this transition, driven by structural reforms, sector-specific strategies, and
gradual integration into the global economy. This section revisits five decades of evolution.

Following independence in 1956, Morocco adopted a state-led, protectionist economic
model. Key sectors (energy, mining, agriculture) were state-controlled, with a focus on
import substitution. FDI was limited, perceived as a threat to national sovereignty. Only a
few mining (phosphates) and agro-industrial projects attracted foreign capital, notably from
France. Geopolitical tensions (Cold War) and inadequate infrastructure further hindered
investment.

The 1980s debt crisis pushed Morocco to sign agreements with the IMF and World Bank.
The country began economic liberalization: devaluation of the dirham, subsidy reductions,
and partial privatizations. FDI started flowing into tourism and textiles, incentivized by
low-cost labor. However, bureaucracy and regional instability limited attractiveness.
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Graph 1. Evolution of GDP and FDI in Morocco (in Millions of US Dollars)
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The 1990s marked a turning point with international openness. Morocco signed an
association agreement with the EU (1996) and joined the WTO (1995). Privatizations
accelerated (telecoms, banking), attracting firms like Vivendi and Telefonica. FDI
concentrated in telecommunications, tourism, and light industry. The country became an
export platform to Europe, leveraging competitive production costs.

King Mohammed VI’s accession in 1999 spurred a new dynamic. The Kingdom launched
mega-projects: Tanger Med (port inaugurated in 2007), Export Processing Zones
(Casablanca Finance City), and sectoral plans (Emergence for industry, Green Morocco
Plan for agriculture). FDI surged from 2.6 billion in 2000 to3.8 billion in 2008. Key sectors
emerged: automotive (Renault-Nissan’s 2012 plant), aerospace, and renewables (Noor
Solar Complex, operational by 2013). The Moroccan Investment Development Agency
(AMDIE), established in 2009, streamlined investor support.

Despite the Arab Spring, Morocco maintained stability through constitutional reforms
(2011). FDI diversified: automotive accounted for 34% of exports by 2019, while
aerospace attracted firms like Boeing and Safran. Tourism (10% of GDP) and green energy
(52% renewable target by 2030) bolstered appeal. Tanger Med became Africa’s largest
port, symbolizing Morocco’s integration into global value chains.

The Covid-19 pandemic and global energy crisis temporarily slowed FDI. However,
Morocco pivoted to innovative niches: electric vehicles, green hydrogen (Dakhla projects),
and digitalization (100,000 digital jobs target by 2025). Rejoining the African Union (2017)
and ratifying the African Continental Free Trade Agreement (AfCFTA) positioned the
country as a bridge between Europe and Africa. Challenges endure: administrative
streamlining, skills development, and regional competition (Egypt, Tunisia).

From 1970 to 2023, Morocco transformed its economy through proactive FDI strategies.
Evolving from protectionism, it has become a strategic partner for multinationals, blending
political stability, bold reforms, and long-term sectoral vision. Future success hinges on
balancing inclusive growth, ecological transition, and deeper African integration.



196 Anas Mossadak

Figure 1. Top 10 of most FDI attractive countries in Africa (Billions of US Dollars) in 2023
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Morocco is the top 3 destination for foreign direct investment in Africa (2023). Nations
such as Egypt, Nigeria, South Africa, and Kenya also feature prominently, each leveraging
distinct advantages: natural resources (Nigeria’s hydrocarbons, DRC’s minerals),
developed infrastructure (South Africa’s ports, Egypt’s industrial zones), or institutional
stability (Rwanda). Morocco, in particular, stands out due to its open economic policies,
exemplified by structural reforms (administrative streamlining, free trade zones) and
flagship projects like the Tanger Med port complex. This logistics hub, combined with free
trade agreements with the EU and the United States, cements Morocco’s role as a bridge
between Europe and Africa. These factors underpin its consistent presence in the top 10,
despite heightened regional competition.

Graph 3. FDI by sectors of activity (in Billions of Moroccan Dirhams)
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Investments in energy and mining (notably renewables and phosphate exploitation)
represent a major pillar, supported by government initiatives like the Moroccan Solar Plan.
The industrial sector, driven by automotive (Renault plant in Tangier) and aerospace, also
demonstrates strong momentum, with an average annual growth of 8% between 2019 and
2023. Conversely, tourism and real estate, despite post-COVID recovery, remain
vulnerable to external shocks, as evidenced by their collapse in 2020 (-70% for tourism).
Telecommunications emerge as a resilient sector, benefiting from accelerated digitalization
during the pandemic. This sectoral snapshot reflects an economy in transition, striving to
balance reliance on traditional resources with technological innovation.

Graph 4. The most contributors to FDI in Morocco (in Billions of Moroccan Dirhams)
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France remains the leading partnerin terms of FDI, with longstanding investments in
banking, industry, and energy (e.g., TotalEnergies’ wind projects). The United Arab
Emirates have expanded their influence through sovereign funds like ADQ, channeling
significant capital into luxury real estate and infrastructure. The United States has
strengthened its position via technology partnerships (Microsoft agreements, data centers)
and agribusiness collaborations. Spain, despite a 2020 downturn linked to tourism
dependency, is gradually reclaiming its role, particularly in energy interconnections. These
trends reflect Morocco’s deliberate strategy to reduce France’s historical
overrepresentation by fostering ties with Gulf and North American partners, balancing
economic dependencies while enhancing sectoral and geopolitical resilience.

4. Estimation and results

Building on the methodology of Hansen & Rand (2006), we employ a bivariate VAR
(Vector Autoregressive) model to analyze the relationship between foreign direct
investment (FDI) inflows and economic growth in Morocco. Subsequently, Granger
causality tests are applied to determine the direction of causality between these variables.
The dataset comprises real GDP and FDI figures from 1970 to 2024, sourced from the
World Bank database.
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The unrestricted VAR model is specified as follows:

X, =AL)X, , +u,

Where X, =[AGPD,AFDI] where A(L) is the lag operator and utut is the model’s error

term. Before estimating the VAR model, it is necessary to test the stationarity of the GDP
and FDI variables. For this purpose, we apply the Augmented Dickey-Fuller (ADF) test.
The results of the test are presented below:

Table 1. Test of stationnarity

Null Hypothesis: D(GDP) has a unit root

Exogenous: Constant

Lag Length: 0 (Automatic - based on SIC, maxlag=10)

t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -10.14066 0.0000
Test critical values: 1% level -3.562669
5% level -2.918778
10% level -2.597285
*MacKinnon (1996) one-sided p-values.
Null Hypothesis: D(FDI) has a unit root
Exogenous: Constant
Lag Length: 0 (Automatic - based on SIC, maxlag=10)
t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -12.64515 0.0000
Test critical values: 1% level -3.562669
5% level -2.918778
10% level -2.597285

Source: Author’s calculation.

The ADF test revealed that both series are stationary in first differences, indicating that they are
integrated of the same order. Consequently, the VAR model is the most appropriate framework
to analyze the relationship between the two variables. To determine the optimal lag order for
the VAR model, we proceed with lag structure analysis using the following criteria:

Table 2. Optimal lag order

Lag LogL LR FPE AlC sC HQ

0 -2204.978 NA 4.546+36 90.08075 90.15797 90.11005
1 -2188.859 30.26451*  2.77e+36*  89.58609 89.81774*  89.67398
2 -2181.803 12.67189 2.44e+36 89.46136 89.84744 89.60784
3 -2175.975 9.991924 227e+36 80.38672*  89.92724 89.59179*
4 -2173.445 4130107 2.43e+36 89.44673 90.14169 89.71040

Source: Author’s calculation.
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Lag order 1 minimizes the majority of selection criteria (3 out of 5). We therefore estimate
a VAR(1) model to examine the relationship between GDP and FDI. The estimation results
are presented below:

Table 3. VAR estimation

DGDP DFDI
DGDP(-1) -0.402902 -0.006446
(0.13293) (0.03664)
[-3.03090] [-0.17592]
DFDI(-1) 0.861171 -0.544576
(0.45936) (0.12662)
[1.87474] [-4.30097]
C 3001.643 58.11472
(435.296) (119.985)
[6.89564] [0.48435]
R-squared 0.180231 0.287187
Adj. R-squared 0.146771 0.258093
Sum sg. resids 2.86E+08 21698053
S.E. equation 2414179 665.4453
F-statistic 5.386481 9.870889
Log likelihood -477.2738 -410.2635
Akaike AIC 18.47207 15.89475
Schwarz SC 18.58464 16.00732
Mean dependent 2185.248 20.63233
S.D. dependent 2613.586 772.5696
Determinant resid covariance (dof adj.) 2.28E+12
Determinant resid covariance 2.03E+12
Log likelihood -884.3605
Akaike information criterion 34.24463
Schwarz criterion 34.46978
Number of coefficients 6

Source: Author’s calculation.

The cumulative impulse response analysis reveals that foreign direct investment (FDI)
exhibits a positive cumulative effect on Moroccan GDP. Specifically, a 1% increase in FDI
leads to a cumulative 0.3% rise in GDP over the ten quarters following the shock.
Conversely, a positive shock to GDP does not appear to have a significant positive impact
on FDI inflows.
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Figure 2. Impulse response functions
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To strengthen our conclusions, we proceed to the Granger causality test to determine the
direction of causality between FDI and GDP. This test examines whether past values of a
variable X provide statistically significant information to predict the future values of
another variable Y. If such predictive power exists, we conclude that X Granger causes Y.

Table 4. Granger causality test

Null Hypothesis: Obs F-Statistic Prob.
DFDI does not Granger Cause DGDP 52 3.51465 0.0668
DGDP does not Granger Cause DFDI 0.03095 0.8611

Source: author’s calculation.

The Granger causality test results confirm the conclusions drawn from the impulse
response analysis. Specifically, the test indicates unidirectional causality running from FDI
to GDP at a 10% significance level.

Conclusion

Foreign Direct Investment (FDI) represents a multidimensional challenge for emerging
economies. This study, focused on Morocco, elucidates the complex mechanisms linking
FDI to national economic dynamics. Empirical analysis, based on a VAR model and
Granger causality test, confirms a significant unidirectional relationship between FDI and
Moroccan GDP growth. A 1% shock to foreign capital inflows generates a cumulative 0.3%
growth effect, corroborating neoclassical and endogenous growth theories (Borensztein et
al., 1998; Romer, 1990).

The historical evolution of FDI in Morocco reveals a proactive strategy marked by
institutional reforms (Tanger Med, Green Morocco Plan) and gradual economic
diversification. However, challenges persist: post-pandemic volatility, reliance on
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traditional sectors (tourism, phosphates), and gaps in vocational training hinder the
structural transformation promised by FDI.

Finally, this work opens avenues for future research, including comparative analyses with
other African emerging economies, integration of environmental variables (green FDI), and
exploration of FDI’s distributive effects on inequalities. In sum, while FDI remains an
indispensable lever for Moroccan development, its sustainability hinges on balanced
governance that harmonizes international competitiveness with socio-economic inclusion.
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Abstract. The objective of this research is to analyze the impact of climate change on Ghana
monetary policy. To that end, World Development Indicators (WDI) and the Bank of Ghana (BoG)
data are used within a New Keynesian Dynamic Stochastic General Equilibrium (NK-DSGE)
framework. The results show that rising temperatures increase inflation (0.081-0.083), and reduce
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Introduction

Climate change has emerged as one of the major challenges of the 21st century, affecting
not only the environment but also the economic foundations of nations (Stern, 2007; Burke
et al., 2015; NGFS, 2021). Countries such as Ghana are particularly vulnerable to the
effects of climate change, despite contributing relatively little to global greenhouse gas
emissions. The impacts of climate change manifest through the intensification of extreme
weather events, persistent disruptions to agriculture, and unprecedented pressure on natural
resources, thereby threatening macroeconomic stability and population well-being (Dell et
al., 2012; FAO, 2021; IPCC, 2022; Kahn et al., 2021).

Traditionally, monetary policy has focused on ensuring price stability while supporting
economic growth and smoothing business cycle fluctuations (Blanchard & Johnson, 2012;
Mishkin, 2019; Woodford, 2003; Clarida et al., 1999). However, climate shocks introduce
new sources of uncertainty and economic volatility, affecting investment, production, and
financial stability (Kiley, 2021; Bloom, et al., 2009). The adverse consequences of climate-
related stress reduce the rate of productive capital accumulation through persistent or long-
term investment distortions, damage to physical and natural capital (Fankhauser & Tol,
2005). or instance, research by Deryugina and Hsiang (2014) shows that productivity
declines by approximately 1.7% for every 1°C increase in the daily average temperature
above 1.5°C (Deryugina & Hsiang, 2014).

The effects of climate change on productivity may remain modest in most economies if the
increase in local temperatures is kept within limits (Stern, 2007). However, in the coming
decades, monetary authorities will need to account for these effects, particularly if rising
global temperatures generates inflationary pressures on food and other essential goods. In
the short term, extreme weather events could have significant impacts on the broader
economy and inflation dynamics, prompting monetary policymakers to respond
appropriately depending on how output and inflation react to such shocks.

Indeed, studies such as (Lemaire, 2023) have shown that economic, monetary, and financial
policies are adversely affected by climate shocks. Moreover, both academics and central
bank supervisors have begun to explore the implications of climate change and climate-
related risks for central banks and monetary policy (Batten et al., 2020; Carney, 2015).
Although research in this field is still in its infancy (Scialom, 2022), early contributions
(Dées & Weber, 2020; Ceeuré & Kotz, 2021; Chen et al., 2020) have provided both
qualitative and quantitative insights into how climate-related hazards can challenge
monetary policy instruments and key macroeconomic aggregates. Furthermore, the
Network for Greening the Financial System (NGFS, 2021) strongly recommends the
systematic integration of climate-related issues into financial practices to enhance the
resilience of the financial system against climate shocks. It has therefore become
imperative to develop analytical frameworks capable of capturing the complex interactions
between climate and economic variables (Carney, 2015).

The objective of this research is to analyze the impact of climate change on monetary policy
in Ghana using a New Keynesian Dynamic Stochastic General Equilibrium (NK-DSGE)
model. Specifically, the study aims to: (i) model the effects of climate shocks on key
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macroeconomic variables such as inflation, gross domestic product (GDP), and the interest
rate; (ii) assess the effectiveness of traditional monetary policy rules in the face of climate-
induced disruptions. The NK-DSGE model is particularly well-suited for this analysis due
to its ability to incorporate nominal and real rigidities, agents' rational expectations, and
exogenous shocks (Walsh, 2017). It provides a dynamic assessment of economic policy in
an uncertain environment, which is essential for understanding the implications of climate
change for monetary policy.

Ghana represents a relevant case study for several reasons: the country is highly exposed
to climate risks such as droughts, floods, and coastal erosion, all of which have significant
economic repercussions (Winsemius et al., 2018). Ghana also benefits from an independent
central bank and a monetary policy framework focused on price stability, offering a suitable
context for analyzing necessary adjustments in response to climate shocks. Additionally,
Ghana is a signatory to the Paris Agreement and has developed Nationally Determined
Contributions (NDCs), reflecting its commitment to integrating climate considerations into
economic policymaking.

The remainder of the paper is structured as follows: Section 2 reviews the relevant
literature; Section 3 outlines the structure of the analytical model, including the key
equations linking climate change and monetary policy, the model’s stability condition, and
the calibration parameters. Section 4 presents the simulation results and discusses the
findings, and the paper concludes with Section 5, which offers concluding remarks and
monetary policy implications.

Literature review

The analysis of the relationship between climate change and monetary policy has recently
sparked debate in the literature regarding the role of central banks in addressing climate-
related challenges (GIEC, 2021). Climate change impacts economies through various
channels, including exposure to extreme weather events, dependence on climate-sensitive
sectors (such as agriculture, fisheries, and tourism), the vulnerability of critical natural
resources, and the capacity to implement effective climate and environmental policies.
Broadly speaking, climate change affects virtually all sectors by disrupting economic
activity, exerting pressure on both supply and demand, increasing production costs, altering
energy prices, and diverting monetary policy from its conventional objectives (GIEC,
2021). Climate-induced pressures can reduce the supply of certain goods and services, thus
contributing to price increases. Climate change may cause significant disruptions in a
country’s economic activities. Extreme weather events such as storms, droughts, or floods
can damage infrastructure, destroy crops, disrupt supply chains, and impose substantial
reconstruction costs. For instance, poor harvests can result in food shortages and higher
food prices an illustration of the theory of goods scarcity.

On the supply side, climate change may also affect inflation and growth by reducing labor
force participation and dampening investment (Trinnou, 2022). Climate anomalies, for
example, have led to labor migration in the agricultural sector due to declining yields
(Lemaire, 2023; Mendelsohn et al., 1996). This decline in production capacity can amplify
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upward pressure on the general price level (Batten et al., 2020). Moreover, climate change
may drive up firms’ production costs. For example, businesses might need to invest in
climate-resilient technologies or pay higher insurance premiums to protect themselves
against climate-related risks. Furthermore, climate variability may hinder access to energy.
The vulnerability of economies to climate change can also disrupt energy infrastructure,
leading to increased energy and water costs within production chains (Trinnou, 2022). This
may result in higher prices for goods and services that are heavily reliant on energy inputs,
such as transportation, heating, or industrial production. The work of Asafu-Adjaye, et al.
(2022) supports the scarcity theory, demonstrating that when energy supply declines, prices
tend to rise systematically.

Climate change may also affect aggregate demand through consumer responses to rising
prices, as highlighted in the scenarios presented in the IPCC's AR6 report (Masson-
Delmotte et al., 2021). For instance, greater awareness of climate risks can shift consumer
preferences toward more environmentally friendly goods, potentially increasing prices in
those market segments. According to Barran et al. (1995), he debates on monetary policy
transmission mechanisms has recently focused on the bank lending channel. Using a Vector
Autoregression (VAR) model, they analyze the impact of monetary policy shocks on the
U.S., Japanese, and German economies. Their estimates also allow inference of the central
bank's response function. A key finding is that the transmission of monetary policy does
not appear to operate primarily through bank lending. At the macroeconomic level, the
credit supply response to interest rate fluctuations is insignificant. Conversely, notable
responses in exchange rates and money supply support the operation of other transmission
channels.

Annicchiarico and DiDio (2017) employed an Environmental-DSGE model to examine the
optimal mix of environmental and monetary policies within a New Keynesian framework
that incorporates pollutant emissions, abatement technologies, and environmental policy
instruments. Their main findings indicate that the economy’s optimal response to
productivity shocks critically depends on the policy tools available to authorities, the
magnitude of distortions, and the interaction between policies. Smets & Wouters (2007),
used a Bayesian likelihood approach to estimate a dynamic stochastic general equilibrium
(DSGE) model for the U.S. economy based on seven macroeconomic time series. The
model includes various real and nominal frictions and seven structural shocks. Their results
show that the DSGE model performs competitively with Bayesian VAR models in out-of-
sample forecasting.

According to Chan (2020), the environmental effects of macroeconomic policies and their
interaction with climate policy remain underexplored in the existing literature. His study
compares the effectiveness of standard macroeconomic instruments (fiscal and monetary
policy) and carbon taxation in influencing environmental dynamics to combat air pollution.
An Environmental-DSGE (E-DSGE) model is employed, and results indicate that these
policies can stabilize carbon emissions, though their transmission mechanisms differ.
Empirical studies such as, Chen, et al. (2020); Chan, et al. (2024) have also employed the
E-DSGE framework to analyze the impact of climate change on central banking operations.
These models capture how monetary policy shocks influence financial conditions. Their
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results show a general tightening of monetary policy in response to climate-induced
volatility. Incorporating climate-related transmission channels suggests that climate change
may pose long-term challenges to macroeconomic stability (Laurent, 2020). Dafermosa et
al. (2018) argue that climate-related risks erode entrepreneurs’ capital by driving up interest
rates.

Methodology

Analytical Approach: New Keynesian Dynamic Stochastic General Equilibrium (NK-
DSGE) framework

Baseline NK-DSGE framework

The baseline NK-DSGE model consists of households, firms, and a central bank.
Households supply labor to firms, purchase consumption goods, and hold money and
bonds. Firms hire labor, produce output, and sell differentiated products in
monopolistically competitive goods markets. The monopolistic competition and price
stickiness in the baseline model are respectively based on the frameworks developed by
Dixit & Stiglitz (1977) and Calvo (1983). In this setting, each firm sets the price of its own
goods.

Households

The representative household's preferences are defined over a composite consumption of
goods C;, held in real money balances M;P;, and the time allocated to market laborN;.
Households maximize the expected discounted utility, given by the following equation
(Walsh, 2017):

1-8 1-b N1+
Max U B, = Szt [S5 + 25 () — ] 1)

B where represents the discount factor, N, denotes the number of hours worked at time ¢,
x is the parameter weighting the importance of leisure, § measures the disutility of labor
and 7] indicates the elasticity of labor supply, ¥ risk aversion related to leisure.

Firms

Based on the production function, profit maximization by a representative firm occurs
under at least three constraints: the available technology, the dependence of output on
capital K;, labor N; and total factor productivity Z;, yielding constant returns to scale.
Thus, the potential production function in the absence of exogenous shocks (i.e., without
the occurrence of climate change) is defined by the following equation:

Yie = Zit Kit Nyt (2)
Actual output, denoted as y; is simply the potential output adjusted for climate-related

damagesD;. Incorporating these adjustments leads to a systematic reformulation of the
production function, expressed as follows:

Y; = D Zi KNy (3)
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At equilibrium, actual output is equal to consumption, according to the market-clearing
hypothesis

Y, = C, 4)

Individual consumption is specified by the following equationc; = C;/N;, similarly K;,
capital is derived from the capital stock accumulation equation.

K.=(1-8K({t-1) (5)

Climate module: incorporating climate change into the production function of
the NK-DSGE model

Building on the theoretical foundations developed in the work of Dell et al. (2012) we
specify our theoretical model in the spirit of a production function for a small open
economy.

Yie = ePCicZ, K Ny, (6)

AZit[Zi = git + vCit (7
Ysce

ccy = KgNZ; ®)

v, denotes real GDP, Z represents total factor productivity from capital (K) labor (N) and

C is a vector of climate variables (temperature and precipitation). The functional form is
expressed as follows:

9it=9i+(B+v)Ct =B Cirq ©)
Ty and Py denote historical temperature and precipitation levels, respectively.

Cit = P1Tie + B2 Pyt (10)
Equation (10) becomes:

9it = 9i + (B1 + v Tie = B1Tie—1 + (B2 + ¥2)Pie — B2Pir—1 (11)

With T, and P, representing historical temperature and precipitation levels, and, g;;
denoting the level of real GDP. The effects of rising temperature and precipitation are
captured respectively by the parameters 1,5, ¥, and 5.

Output Gap with Integration of the Damage Function

The output gap y, is defined as the difference between actual output y, and the future

A

output level under flexible equilibrium prices ytf (Herber & Némec, 2022) based on the
work of Dell, et al. (2012). By simplifying the capital law of motion equation, we assume
that the capital depreciation rate is constant (0 =1). Consequently, the level and the effect
of the evolution of the damage function follow the functional form:

Dy =(1—=Qp0) (12)
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Based on the linearization of the IS curve (Walsh, 2017), the equation for the New
Keynesian Phillips Curve is expressed as:

A

Yt = Drep,Ye — ytf (13)

A A

where u; = Etytf - ytf depends solely on exogenous shocks to total factor productivity
(Walsh, 2017). Under the price rigidity assumption of Calvo (1983), we have:

Ye = [(DRCPS * Eryr — (%) (re—Eime —71 *)) - <Et)’tf - ut)] (14)

A

1
Ve = [DRCPS * Eryr — (g) (re —Egmy — 1 %) — Etytf + ut] (15)
For the sake of simplification, the expectation of potential output is given by:

1
Ve = (1 — Qgep,) * Ery: — (E) (re—Egmy —1*)+u (16)

Here y; denotes actual output,  is the nominal interest rate, § is the intertemporal

elasticity of substitution, E;7; represents the expected future inflation, r* is the natural rate
of interest, and u symbolizes a demand shock.

m, = fEm +k.y, + e, 17)
New Keynesian Phillips Curve

The New Keynesian Phillips Curve equation represents the relationship between inflation,
the output gap, and expected inflation (Bloom, et al., 2009; Rudd & Whelan, 2005; (Abbas,
et al., 2016; Walsh, 2017). The equation is expressed as follows:

7Tt=,3.Et(7Tt)+k.yt+et (18)

where 7, denotes inflation, y; the output gap, E;m;the mathematical expectation of future
inflation, /2 measures the extent to which agents incorporate future expectations into

current decisions, k captures the sensitivity of inflation to variations in the output gap, and

€, represents exogenous shocks.

3.1.4.4. Taylor Rule of the Bank of Ghana

Based on the work of (Durke et al., 2024), we adopt an augmented Taylor rule, which is
more suitable for a small open economy:

TcgN, = PTcpn, T O0Tcpn,_, T Ve + 0TX +v (19)

where 7¢py, is the policy interest rate in Ghana, ¢ and ¢ the inflation and output gap
coefficients, 6 the exchange rate coefficient, and r¢py,_, the coefficient on the lagged
interest rate.
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Steady State and Calibration
Steady State

At the steady state, the economy is typically assumed to be unaffected by climate shocks
(Trinnou, 2022). Determining the steady state involves eliminating the temporal dimension
and other dynamic aspects embedded in the model. Climate-related shocks particularly
those tied to temperature and precipitation that generate damages are set to zero in the NK-
DSGE model. Demonstratively, in the steady state, temperature, precipitation, and damage
take the following values: Q=0, which facilitates identification of the initial conditions in
the NK-DSGE framework.

Calibration of the NK-DSGE model parameters

This section is devoted to calibrating the various parameters of the NK-DSGE model,
drawing on the methodologies and assumptions of Trinnou (2022) and Nordhaus (2018).

Table 1. Estimated parameter results

N° Parameters Symbol SCC SSP1.9 SSP2.6 SSP4.5 SSP7.0 SSP8.5
1 Beta B 0.98 0.98 0.98 0.98 0.98 0.98
2 Kappa K 0.1 0.1 0.1 0.1 0.1 0.1
3 Oméga Q - 0.397 0.383 0.423 0.437 0.923
4 Sigma )3 0.3 0.79 0.798 0.796 0.818 0.84
5 Psi Y, 1.5 1.5 1.5 1.5 1.5 1.5
6 Psii Yi 05 05 0.5 0.5 0.5 0.5
7 Gamma 14 - 0.1 0.1 0.1 0.1 0.1
8 rho_u o_u 0.26 0.28 0.28 0.28 0.28 0.28
9 rho_v o_v 0.27 0.29 0.29 0.29 0.29 0.29
10 rho_q 0.q - 0.3 0.3 0.3 0.3 0.3
11 rho_e po_e 0.28 0.31 0.31 0.31 0.31 0.31
12 rho_w o_w - 0.32 0.32 0.32 0.32 0.32

Source: Authors' estimates based on WDI and Bank of Ghana data, 2025.
Results and Discussion
= Specification of the production function

Following the methodology proposed by Dell et al. (2012), we specify the production
function by incorporating historical temperature and precipitation as control variables. The
model is estimated using the Dynamic Ordinary Least Squares (DOLS) method in
logarithmic form. To address concerns regarding stationarity, we differentiate certain
variables. The functional form is expressed as follows:

In(Ysee) =n(Zgee) +aln(K) + BIn(N) +yTy + 6Py + ¢ (20)
GDPye =Z +aK + BN + Y yCo + ¢ (21)
Climatic shocks are assumed to follow an AR (1) process.
Table 2. DOLS Estimation Results
Variables Description Coef. Ecart Type 4 P>z
Y4 Total factor productivity 0.330* 0.033 9.950 0.000
K Capital 45.143** 9.531 4.740 0.000
N Labor 110.284** 12.580 8.770 0.000
T Temperature 0 1.832 0.000 1.000
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[P | Precipitation | -0.002*+ | 0.000 | 18870 [ o0.000 |

* p<.l, ** p<.05, *** p<.01
Source: Authors, 2025.

Overall, the estimated production function aligns with theoretical expectations, confirming
that GDP growth is driven by core inputs (capital and labor) and climate-related variables.
Notably, a reduction in precipitation has a negative and statistically significant impact (at
the 1% level) on GDP growth.

= Forecasting GDP in the absence of climate change using historical climate averages

In order to incorporate climate change into the output gap equation via the damage function,
we first estimate the damage function parameter Q, as outlined by Nordhaus (2018);
Trinnou (2022). Using the DOLS approach, we forecast GDP in the absence of climate
change using historical temperature and precipitation averages, and then project GDP under
five scenarios Shared Socioeconomic Pathways (SSP) over the 2040-2059 period. The
climate-adjusted GDP forecasts are derived from the baseline no-climate-change GDP and
the DOLS coefficients. The results are presented in Table 4. Consistent with prior
econometric studies on this topic (Dell, et al., 2012), our results underscore the adverse
effects of rising temperatures under various climate scenarios on annual GDP growth.

= Deriving the damage function parameter Q

This subsection presents the estimation of the Q parameter in the damage function using
the following formula:

GDPRrcpg—GDPcc

|, = F2PncrsC 22)
Table 3. Estimated damage function parameters Qpcp_
Parameters Values
Qpcpie 0.616
Qpcpre 0.565
Dpcpas 0.646
Qecpro 0.575
pcros 0.569

Source: Authors, 2025.

Table 4. Summary of Policy Matrix Results from the Bank of Ghana (over a short- to long-term horizon)

Climate Shock (change in climate variables)
Optimistic scenarios Moderate scenarios Pessimistic scenarios
SSP1-1.9 SSP1-2.6 SSP2-4.5 SSP3-7.0 SSP5-8.5
1.6°C 1.7°C 2.0°C 2.1°C 24°C
Inflation 0.081 0.080 0.087 0.081 0.083
Policy Rate 0.448 0.446 0.481 0.453 0.459
Production 0.569 0.567 0.611 0.575 0.583
Output 0.093 0.092 0.100 0.094 0.095

Note: All values represent percentage point deviations from steady-state levels.
Source: Authors, 2025.

On the whole, simulations under different SSP scenarios show that climate change has
significant effects on major macroeconomic aggregates and monetary policy instruments
in Ghana. Higher temperatures are robustly related to inflationary pressures, leading to
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contractionary monetary policy responses and output losses. This result accords with the
accumulating evidence in the climate economics literature which suggests that climate-
induced supply shocks can pose serious risks to price levels and output dynamics,
especially in climate-exposed economies.

The results present an obvious pattern, as outlined in the policy matrix (Table 4):

= At 1.6°C warming, inflation trails higher by 0.081 percentage points and the Bank of
Ghana increases the policy rate by 0.448 percentage points, with output retreating by
0.569 percentage points.

= At 1.7°C, an almost equivalent positive inflation shock (0.080 percentage points) leads
to a similar policy rate increase of 0.446 percentage points and a 0.567 percentage point
less output.

= At 2.0 °C the inflationary effect is enhanced to 0.087 percentage points which leads to
a more expansionary increase of the policy rate (0.481 percentage points) and to a more
contractionary contraction of output (0.611 percentage points).

These findings demonstrate the non-linear and incremental influence of increasing
temperatures on macroeconomic outcomes, despite modest temperature increments.
Crucially, they highlight that climate shocks in Ghana (where food prices, fuel prices and
climate-sensitive sectors such as agriculture are very sensitive to thermal variability) are
inflationary. Though these results are underpinned by the orthodox contractionary
monetary response evident in the simulations, a more general reconsideration of the ability
of monetary policy to generate responses in a weather-correlated developing economy is
warranted. Tightening the policy rate to anchor inflation expectations might be a necessary
response, but it would likely dampen output further, undermining efforts to adapt to the
changing climate over the long run. In this vein, BoG can also contemplate contextualized
and more accommodating approaches, such as aligning with fiscal authorities to keep some
room to sustain accommodative policies that help investments in climate resilience
especially in instances of external climate shocks.

This reasoning is also similar to that used by (Dell, et al. 2012) found that as temperatures
increase, economic growth will slow especially in low-income countries. Our results
support this, and suggest a reduction in consumption of about 0.560%, consistent with both
a fall in household welfare and aggregate demand. Here is where preemptive and flexible
central banking count. In addition, beyond traditional IT frameworks, monetary policy
might, going forward, take account of explicit climate risk considerations. Things like
green lending facilities, climate-adjusted interest rate peppermints, or maybe some
temporary liquidity support to climate at-risk sectors. The simulations build a strong case
for shifting away from reactive measures to a more forward-looking monetary policy
stance, which integrates macroeconomic stabilization with long-term climate adaptation
and inclusive growth.

Conclusion

Climate change is a pressing challenge, particularly for the financial sector, including
central banks. This study examines the impact of climate change on monetary policy in
Ghana using two main data sources: the World Development Indicators (WDI) and the
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Bank of Ghana (BoG), along with key calibration parameters from the literature. The
analysis is conducted using a New Keynesian Dynamic Stochastic General Equilibrium
(NK-DSGE) model applied to quarterly data from Q1 2005 to Q4 2023. The parameters of
the damage function were estimated using the panel-based econometric method DOLS. The
results show that rising temperatures under different climate scenarios lead to an increase
in the general price level (between 0.081 and 0.083 percentage point) and a reduction in
output (between 0.569 and 0.583 percentage point). To counter inflationary pressures, the
central bank can raise the policy rate by between 0.448 and 0.459 percentage points to
stimulate economic recovery. These findings imply that monetary authorities should
incorporate climate dynamics into interest rate policy in order to maintain price stability
and sustain economic growth. Future research could extend these findings by conducting
comparative analyses between countries operating under fixed and flexible exchange rate
regimes.
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Appendices
A. Descriptive statistics of the data
Table 1A. Descriptive statistics
Variable Description Obs Mean Std. Dev. Min Max
Y GDP 280 3.304 4.883 -22.446 20.287
z Total factor productivity 280 0.005 0.01 -0.064 0.054
K Gross fixed capital formation % 280 18.31 6.442 7.397 53.861
N Hourly employement rate % 280 35.525 4.912 25.395 45493
P Precipitation (mm) 280 839.188 484.395 76.64 1461.55
T Temperature en °C 280 27.797 0.801 26.28 29.38
Source: Authors, 2025.
B. Preliminary Tests
Table 1B. Pesaran’s test for spatial dependence
Variable CD-test P-value Average joint T Mean p Mean abs (p)
Y 4,985 0.000 35.00 0.16 0.18
Z 4,488+ 0.000 35.00 0.14 0.17
K 1,176*+ 0.240 35.00 0.04 0.31
N -3,587** 0.000 35.00 -0.11 0.72
P 22,441** 0.000 35.00 0.72 0.72
T 30,588** 0.000 35.00 0.98 0.98

Note: *** Significant at the 1% level.

Table 2B. Pesaran unit root test

Variable Intercept Intercept and trend
Y -6.092* -6.207*
Y4 -5.835* -5.807*
K -2.327* -2.935*
N -1.133* 0.989*
P -4.556* -5.500*
T -4.878* -5.533*

AY -6,150* -6.420*
AZ -6.190* -6.420*
AK -5.483* -5.703*
AN -0.422* -1.376*
AP -6.190* -
AT -

Notes: *** ** * gionificant at
respectively. A is the first difference operator.

Tablea 3B. Results of the spatial dependence residual test

the1%, 5%, and 10% level of significance,

Tests

With fixed effects estimator

With random effects estimator

Statistic P-value Statistic P-value
Pesaran’s test of cross section al independence 0.723 0.4698 1.794* 0.0729
Frees'test of cross sectional independence -0.053 1.6442 -0.028 1.3750
Friedman'’s test of cross section al independence 42.283** 0.000 51.779** 0.0000

Notes: indicates significance at the 5% level. For the Friedman test, only the critical values of the distribution

are reported.
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Table 4B. Westerlund Cointegration Test

Statistic test Statistic P-value
Variance ratio -2.8058 0.0025
Source: Authors, 2025.

C. Simulation Results of the NK-DSGE model and computation of alternative GDP

Table 1C. Results of the computation of alternative GDP values

Variable Descriptions GDP US_$
GDP-SCC GDP without climate change 4196
GDP-RCP1_1.9 GDP with climate change (RCP1.6) 5900
GDP-RCP1_2.6 GDP with climate change (RCP2.6) 2179
GDP-RCP3_4.5 GDP with climate change (RCP4.5) 2291
GDP-RCP4_7.0 GDP with climate change (RCP7.0) 2321
GDP-RCP5_8.5 GDP with climate change (RCP8.5) 4283

Source: Authors, 2025.
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1. Introduction

The European Union emerged as a result of the need for economic recovery after the
Second World War. In this case, in 1957, six countries - Belgium, France, Italy, the
Netherlands and West Germany signed the Treaty of Rome, which created the European
Economic Community. After establishing this community, the first objectives set in terms
of development were: (i) ensuring economic and social progress by eliminating trade
barriers; (ii) increasing trade relations, by promoting a common trade policy; (iii)
improving working conditions and, implicitly, living conditions; (iv) respecting the United
Nations principles regarding peace and international cooperation, in order to solve issues
in economic, social, cultural and human field; (v) reducing regional disparities from an
economic and social point of view.

Later, with the enlargement of the EU and the emergence of more global challenges, the
European institutions developed and adopted the Lisbon Strategy, which stipulated that
economic development must promote sustainable economic growth, and must take into
account environmental protection policy. The challenges to which EU has been exposed,
namely social imbalances, and ageing population, economic pressures in terms of global
competition, increase the need to focus the EU policy efforts on sustainable economic
growth, creating jobs, ensuring social security and better environmental protection.

In 2016, through the Paris Agreement, the EU adopted the first global climate change
agreement, the UN’s 2030 Agenda. In 2015, UN adopted the 2030 Agenda for Sustainable
Development, which aims to support ensuring prosperity for people worldwide. This
agenda includes 17 Sustainable Development Goals (SDGs), which are intended to provide
an urgent response from all states through a global partnership. According to the UN,
eradicating poverty, reducing inequalities, improving education and health systems, and
boosting economic growth must be in line with mitigating climate change. In order to
ensure sustainable development, it is necessary to achieve all SDGs simultaneously.

With the intensification of discussions at the level of working groups organized at the level
of the Council of the European Union and at the level of the European Commission
regarding the Paris Agreement, member states have begun to attach increasing importance
to the sustainable development goals developed by the United Nations. In this context, the
objective of this paper is to analyse the evolution of all SDGs (focusing on specific
indicators) in Romania in the last decade.

2. Literature review

According to Acemoglu and Robinson (2012), institutions are a key factor of prosperity
within countries. Institutions have the role of ensuring good governance, corruption
control, regulations and a well-functioning rule of law (Alkhamery et al., 2021, Jianu et al.,
2025). In this case, Nandha and Smyth (2013) demonstrated that, in 186 states, during the
period 1995-2011, the quality of institutions had a significant impact on human well-being
and economic development.
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The reduction of poverty has become a priority, but there is no international consensus on
its measurement (Sapena et al., 2018). From an economic perspective, poverty occurs when
a family’s income falls below a specific established threshold. Despite significant progress
in eradicating poverty and promoting human well-being in recent decades, extreme poverty
and inequalities are still widespread in developing countries. According to Sachs (2005),
poor countries are stuck in a poverty trap from which they cannot escape without a boost
from developed countries, while Easterly (2006) suggests that poverty is a cause of poor
governance. Furthermore, poverty is not only a cause of lack of income, but also reflects
poor health, poor education and a poor quality of life (Duflo and Banerjee, 2011;
Tudorache, 2019; Tudorache, 2022).

Addressing global hunger challenges is another important objective that requires annual
investments in agricultural research and development, agricultural expansion services,
agricultural information systems, the expansion of irrigation and improving the literacy rate
(Chichaibelu et al., 2021). Hoddinott et al. (2013) state that, in order to reduce hunger, an
acceleration of yield growth, an increase in fertilizers, respectively, intervention to reduce
micronutrient deficiencies (vitamin A, iodine, iron, zinc) are needed.

In terms of life expectancy and infant mortality, some progress has been recorded globally
in the last two decades, the number of deaths caused by malaria being reduced to its half
(World Health Organization, 2018). However, the progress has been modest and uneven,
both between and within countries (Mohammed and Ghebreyesus, 2018): some countries,
especially developed ones, have made progress in the field of health, while underdeveloped
and developing countries still face deficiencies in their health systems. On the other hand,
high prosperity around the world, changes in diet, lifestyle, along with rapid and unplanned
urbanization have led to new health threats for the population. Besides that, the incidence
of chronic respiratory diseases, diabetes and various forms of cancer is on an increasing
trend (World Health Organization, 2017). Transformative change in cities is needed to
address current and future challenges to health and sustainability (Steffen, 2018). Also,
Crane et al. 2021 state that cities need international research partnerships, namely complex
urban systems for sustainability and health, these being important aspects for shaping
policy decisions and their implementation in urban communities.

According to UNESCO (2000), quality education occurs when the learning outcomes are
measurable and recognized for all individuals. Unfortunately, there is no definition, list of
criteria or a uniformly accepted curriculum that presents what quality education should
include. Education is a dynamic concept that changes and evolves over time, depending on
the social, economic and environmental context (UNESCO, 2005), with the ability to adapt
to the labour market demands playing an important role.

Decent work is an aspirational statement about the quality of work that should be available
to all who want to work. The labour market is undergoing various transformations, and
working conditions are governed by market forces, which create instability and insecurity,
causing increased levels of stress and anxiety for the workforce (Stiglitz, 2015; Piketty,
2014). Millions of workers around the world earn the minimum wage, a challenge that is
addressed by reducing or limiting the inequality of wage distribution, respectively by
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reducing the gender pay gap, since women tend to obtain lower wages than men (Belser
and Rani, 2015).

The last half century has seen the emergence of the so-called concept “gender revolution”,
which promoted the increase in the number of women pursuing university studies (DiPrete
and Buchmann, 2013), the employment rate among women - including women with young
children (Cotter et al., 2007). Moreover, equal opportunities in employment have emerged
in the personnel policies of organizations (Dobbin, 2009), with women being able to
occupy jobs and managerial positions that were previously occupied only by men (Weeden,
2018). In addition, wage gap have decreased significantly after 1980 in the European
Union, but in other countries, such as the United States, it remained high (Blau and Kahn,
2017).

The COVID-19 pandemic has affected the progress achieved on gender equality, through
the channel of the increased violence against women and through the one of increased
domestic work for women. The pandemic has also highlighted the need for rapid action to
address gender inequality, which remains widespread globally, even if women have played
a key role in managing the health sector crisis, since the workforce in this sector is
predominantly female.

Climate changes challenges are also reflected in sustainable development goals. In
particular, these are reflected in temperature changes in a given region (McMichael et. al,
20006). In recent decades, the temperature has increased by 0.5 degrees Celsius due to
greenhouse gas emissions (Trenbert, 2001). The increase in temperatures is associated with
the melting of ice caps, the sinking of coastal areas, and floods and droughts in certain
regions (Solomon et al., 2007). At global level, climate change can affect humanity, with
developing countries being the most exposed to the risks (Mendelsohn et al., 2006), the
effects being directly observable through the wildfires that have increased in recent times.

Atmospheric concentrations of greenhouse gas emissions have continued to rise, the period
2015-2024 being considered the warmest in history. In order to limit global warming, in
accordance with the Paris Agreement, greenhouse gas emissions must reach 1990 levels by
2050. According to UN climate action reports, global emissions must be reduced by 45%
below 2010 levels by 2030 to limit global warming. Fossil fuels (coal, oil, natural gas) have
led to increased greenhouse gas emissions, which necessitates increased renewable energy
production (Zabeltitz, 1994). The main objective of large-scale renewable energy
deployment is to promote economic development, improve energy access, and mitigate
climate change (Kumar and Majid, 2020). There have been improvements in access to
electricity and renewable energy over the past decade, but these have been ineffective in
providing affordable energy for all. In the early stages of the ecological transition, the costs
appear to be quite high, especially in countries with high poverty rates, this reflecting aa
potential trade-off in these countries.

Additionally, human-caused damage, together with climate change, is threatening the well-
being of the oceans and the water creatures (Sturesson et al., 2018). In this case, collective
action and government involvement are needed to address the challenges of marine
pollution (IASS, 2017). Increased interest in ocean science will lead to increased
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investment in marine research to counter the damage caused by climate change (ECESA,
2017). Oceans, seas and marine resources are under threat from pollution and global
warming that are disrupting ecosystems around the world. The challenges advanced by
climate change create long-term repercussions, requiring investment in ocean science,
environmental protection, support for small fishing communities and sustainable ocean
management, especially given that approximately three billion people rely on the ocean for
their livelihoods and 80% of global trade is freight transport.

Regarding the natural resources, water makes up more than two-thirds of the human body,
being a vital component for any form of life. Most of the time, clean water is not accessible
to human beings in particular countries or regions, this affecting the individual’s health
status (Khalifa and Bidaisee, 2018). There are several factors that contribute to ensuring
the accessibility of clean water, including physical, demographic, geopolitical and socio-
economic status (World Vision). Physically, water sources are difficult to access due to
topographical factors and climatic circumstances. Demographically, location can affect the
accessibility of clean water, as a result of problems related to overpopulation.
Geopolitically, due to water obtained in the river flow, people downstream rely on people
upstream to maintain the purity of the water. Finally, socio-economic status will have
implications on the accessibility of clean water.

Forests, especially tropical forests, are known for their biological complexity, given their
diverse species density and variety of biological interactions (Kricher, 1997). Deforestation
and forest degradation have consequences for human well-being and survival. While efforts
are being made to expand sustainable forest management and adopt biodiversity coverage,
and to protect biodiversity and oceans through legislation and treaties, additional efforts
are needed to protect the planet.

Moreover, responsible consumption and production are essential for a sustainable society.
Human and environmental systems interact through the economic system in various ways,
which has led to the emergence of several complex, intractable, conflictual and
multidimensional problems that can be countered with the help of tools to manage
consumption and production problems (Churchman, 1967). Therefore, sustainable
production and consumption focus on different elements of the supply chain: from
extractive industries to individual supply needs (Tseng et al., 2018). In this case, green
supply chains and green consumerism are necessary to achieve progress in sustainable
consumption and production.

Industrial companies are currently facing challenges due to globalization, rapid changes in
the structure of demand and supply, and technological innovation. As a result of these
changes, organizations are forced to act quickly and intelligently to changes in order to
increase their competitiveness (Davenport, 2014). In addition, the integration of digital and
intelligent technologies has allowed companies to find the most appropriate way to operate
(Zhou, 2013). However, the volatility and uncertainty caused by technological changes are
not conducive to economic development, as they create excesses and support the increase
in the degree of economic division. The pandemic, together with tariff and trade tensions,
have strongly affected the manufacturing industry and transportation, causing significant
job losses and a decrease in the income of workers in these sectors.
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3. Methodology

This paper analyses the implementation of the Sustainable Development Goals in Romania

in the context of the EU-27 membership. In this respect, we selected relevant indicators

(extracted from Eurostat) for the 17 SDGs, as follows:

= SDG 1 - eradication of poverty: people at risk of poverty or social exclusion (%) and
in-work at-risk-of-poverty rate (%);

= SDG 2 - eliminating hunger: area under organic farming (% of utilised agricultural area)
and government support for agricultural research and development (EUR per
inhabitant);

= SDG 3 - ensuring good health and well-being: healthy life years at birth (years);

= SDG 4 - improving quality of education: early leavers from education and training (18-
24 years) rate (%) and the percentage of population aged between 16-74 having at least
basic digital skills.

= SDG 5 - ensuring gender equality: gender pay gap (difference between average gross
hourly earnings of male and female employees, as % of average gross hourly earnings
of men) and gender employment gap (difference between the employment rate of men
and women aged 20-64, percentage points);

= SDG 6 - ensuring clean water and sanitation: people having neither a bath, nor a shower,
nor indoor flushing toilet in their household (% of population) and population connected
to at least secondary wastewater treatment systems (% of population);

= SDG 7 - ensuring affordable and clean energy: renewable energy (% of gross final
energy consumption) and energy import dependency (% of total energy consumption);

= SDG 8 - ensuring decent work and economic growth: Real GDP per capita (EUR per
capita, base year 2020) and young people neither in employment nor in education and
training (NEET) rate (% of the population aged between 15-29 years);

= SDG 9 - strengthening industry, innovation and infrastructure: R&D expenditure (% of
GDP);

= SDG 10 - reducing inequalities: income share of the bottom 40% of the population (%
of income);

= SDG 11 - improving the sustainability of cities and communities: recycling rate of
municipal waste (% of total municipal waste generated);

= SDG 12 - ensuring responsible consumption and production: circular material use rate
(% of material input for domestic use);

= SDG 13 - adopting appropriate climate action measures: net greenhouse gas emissions
(tonnes per capita) and average CO2 emissions per km from new passenger cars (grams
of CO2 per km);

= SDG 14 - protecting marine areas: surface of marine protected areas (% of marine
areas);

= SDG 15 - protecting land areas: surface of terrestrial protected areas (% of total land
area);

= SDG 16 - promoting peace, justice and strong institutions: perceived independence of
the justice system (% of the total population) and corruption perception index (0 highly
corrupt to 100 absence of corruption);
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= SDG 17 - promoting partnership for the goals: official development assistance provided
(% of gross national income);

However, when drafting the analysis, we followed a parsimonious approach, while not
using all specific indicators and only the most relevant ones. Therefore, we did not use the
order of the SDGs presented by the United Nations and Eurostat (above), since we grouped
some of the selected indicators according to their links to allow their combination in
specific charts. In this respect, our analysis was based on four types of chart analyses and
one statistical method to measure the association between variables, as follows: (i) post-
2009 crisis yearly analysis (depending on the availability of the data) for Romania using
the last available year as ending point of the analysed time series; (ii) comparative analysis
between Romania and other EU MS using data for the last available year; (iii) comparative
analysis between Romania and other EU MS using data for the last available year and the
last available year minus ten years; (iv) scatter plot analysis to examine the relationship
between variables; (v) correlation coefficients to examine the association between
variables. It should be noted that if some data were missing for a maximum of 3 countries
(but these were available for a previous year), in these cases, we used data for the last year
available (with a limit of 2 year lag).

4. Results and interpretations

In this section, we analysed specific indicators for all SDGs in the case of Romania. In
Figure 1 we analysed the people at risk of poverty or social exclusion and in work at-risk-
of-poverty rate in the period 2015-2024.

Figure 1. People at risk of poverty or social exclusion rate vs. in work at-risk-of-poverty rate in Romania
(2015-2024)
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Despite the fact that the people at risk of poverty or social exclusion was on a decreasing
trend during the analysed period, in 2024, Romania registered the second highest poverty
rate in the EU Member States (27.9%) — in first place was BG (30.3%), above the EU
average (21%). Also, the social situation does not improve when examining the in work at-
risk-of-poverty rate, as Romania recorded the fourth highest value of this indicator (10.9%)
among EU countries, after LU (13.4%), BG (11.8%) and ES (11.2%), considering the EU
rate of 8.2%. Therefore, government authorities must continue to adopt policies to reduce
the poverty rate, especially in less developed regions.

The social risks are also reflected in indicators related to income inequality, another
important objective that United Nations propose it as a policy priority worldwide.
According to the data presented in Figure 2, Romania registered an average income
inequality in 2024, a similar value to the one found in the case of EU.

Figure 2. Income share of the bottom 40 % of the population (2024)
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In this respect, Romania registered an income share of the bottom 40% of the population
of 21.8%, this being lower than the levels registered in 14 Member States (CY, DE, AT,
SE, HU, DK, PL, F1, IE, NL, BE, SI, CZ and SK). However, it should be taken into account
the limits of this indicator, since it does not sufficiently surprise the income gap among
individuals, as the gap may be higher in the case of the bottom 10% or 20% and may be
diminished when taking into account an extended overview (bottom 40%). Nevertheless,
the Gini coefficient has been adjusted with 5.8 points in Romania (to a lower value) after
COVID-19 crisis, which reflects a significant drop of income inequality — this confirming
a reduction in this imbalance, even if this remains a serious challenge taking into account
its positive association with poverty risks.
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Regarding the goal of eradicating hunger, we analysed the evolution of area under organic
farming and the government support to agricultural research and development. Figure 3
shows that during the period 2012-2023 the area under organic farming increased in
Romania, but still remain at a low level compared to its potential. The Member States that
recorded lower values than RO (5.08%) for this indicator in 2023 was MT (0.6%), 1E
(2.2%), BG (2.2%), PL (3.91) and NL (4.44%). At the opposite, the countries with the
highest values in 2023 were EE (23.42%), SE (19.94%) and PT (19.31%).

Also, the government support to agricultural research and development in RO was very
low in 2023 (1.7 euro per inhabitant), even if it overpasses the support granted in PL (0.2
euro per inhabitant) and LU (0.8 euro per inhabitant). RO is considered a country with high
agricultural potential, but government allocations remain modest throughout the analysed
period, which limits its potential. In this case, funding for organic agriculture should be
increased, research systems related to crop cultivation should be further developed, and
irrigation should be expanded.

Figure 3. The evolution of area under organic farming (% of total utilised agricultural area) and of the
government support to agricultural research and development (EUR per inhabitant) in Romania (2012-2023)
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Next, we selected four indicators (healthy life expectancy, gender pay and gender
employment gap, and R&D expenditure as a % of GDP) to catch the progress in the
implementation of three SDGs (gender equality, good health and well-being, respectively
industry, innovation and infrastructure) over the period 2014-2023 in EU Member States
(Figure 4). The data shows that the highest healthy life expectancy in 2023 has been found
in MT (71.4 years), IT (69.1 years) and BG (68.6 years). Over the period 2014-2023, in the
case of 14 MS, the healthy life expectancy increased (RO, LT, PL, EL, HR, SK, AT, PT,
EE, HU, BG, DE, IT, SI), in 1 MS remained constant (FR), while for 12 MS it decreased
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(BE, LV, IE, CY, FI, MT, CZ, NL, ES, LU, DK, SE). The graph shows that the highest
increases were recorded in DE (+6 years), IT (+6.7 years) and SI (+7.9 years), while the
largest drops were found in LU (-3.6 years), DK (-4.6 years) and SE (-6.7 years). However,
it should be taken into account that this indicator is based on a survey, and, usually, in
developed Member States, people tend to make more reports on health issues than those
living in poorer countries. In this respect, when setting policy priorities and adopting new
policy measures, the interpretation of this indicator should be limited to the self-perceived
health and more focus should be emphasized on total life expectancy, which reflects
additional challenges for Romania.

Figure 4. Healthy life expectancy, gender inequality and innovation in EU Member States

Healthy life years in absolute value at birth Gender pay gap
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Source: Own processings in Microsoft Office Excel based on Eurostat data

With a view to gender gap, the data indicate a modest increase in gender pay inequality in
the case of 4 MS (PL, EL, LV and HU), while the other MS experienced reductions in this
imbalance, the largest falls being recorded in PT (-6.3pp), LU (-6.3pp) and EE (-11.2pp).
In 2023, Romania registered the fourth lowest gender pay gap (3.8%) of EU, while the
highest levels were reported for LV (19%), AT (18.3%) and HU (17.8%). Figure 4 also
highlights that only 6 MS (ES, IT, EL, CY, BG, RO) experienced increases in the gender
employment gap, for Romania being reported the highest increase (1.6pp), while the largest
falls were found in the case of EE (-4.1pp), LU (-6.1pp) and MT (-12.7pp). According to
the data reported for 2023, Romania registered the third highest level of gender
employment gap (19.1pp, after EL with 19.8pp and IT with 19.5pp), which highlights the
need to increase the policy efforts to tackle gender inequality, including the one related to
employment.
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Regarding the R&D expenditure (% of GDP), Romania registered a modest increase over
the period 2014-2023 of 0.16pp of GDP, while HR (+0.62pp of GDP), EL (+0.64pp of
GDP) and BE (+0.96pp of GDP) experienced the highest growths of EU. At the opposite
are CZ (-0.11pp of GDP), LU (-0.21pp of GDP) and SI (-0.26pp of GDP) for which has
been reported the highest decreases in this indicator. Even if Romania registered a modest
increase, the challenges related to low financing of R&D sector remain at a higher level,
taking into account that Romania still registers the lowest share in GDP of the R&D
expenditure (0.52 of GDP - 2023 data), being overpassed by MT and CY (0.64% of GDP
and 0.68% of GDP - which have a competitive advantage in tourism sector) and BG (0.79%
of GDP).

Another relevant goal is the one related to climate action. Figure 5 presents the positive
relationship between average CO2 (grams) emissions per km from new passenger cars and
the domestic net greenhouse gas emissions (tonnes per capita) in Romania over the period
2010-2023, this being also reflected in the mid to high Pearson correlation coefficient
(49.02%). Table 1 shows that the relationship was positive in 22 Member States, the
strongest links being found in NL (80.2%), AT (72.96%) and HU (70.48%), while the
highest negative correlations were calculated for FI (-15.36%), SE (-48.09%) and LV (-
60.56%). This suggest that for Romania, emissions from new cars remain an important
factor driving the greenhouse gas emissions, which should be adequately taken into account
when designing climate strategies. However, greenhouse gas emissions in Romania remain
under the levels experienced by other Member States. In this respect, even if the climate
goals are pressing worldwide, Romania has enough space to promote flexible policy
approaches.

Figure 5. The relationship between average CO2 (grams) emissions per km from new passenger cars and
domestic net greenhouse gas emissions (tonnes per capita) in Romania (2010-2023)
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Further, in Figure 6, to reflect the progress on implementing the goal entitled partnership
for the goals, we analysed the official development assistance provided to developing
countries. According to the Eurostat data, in 2023, Romania provided an assistance to
developing countries equal to 0.16% of GNI, with 0,4pp lower than the EU value.

Table 1. Correlation between average CO2 (grams) emissions
per km from new passenger cars and domestic net greenhouse

gas emissions (tonnes per capita) - 2010-2023

BE 57.11%
BG -0.86%
Ccz 39.65%
DK 59.32%
DE 58.19%
EE 27.76%
IE 61.09%
EL 19.08%
ES 19.40%
FR 54.97%
HR 41.40%
IT 6.93%
cYy 28.33%
LV -60.56%
LT 18.44%
LU 47.02%
HU 70.48%
MT 25.46%
NL 80.20%
AT 72.96%
PL 51.27%
PT 51.06%
RO 49.02%
Sl -10.96%
SK 32.33%
FI -15.36%
SE -48.09%

Source: Own processings in Microsoft Office Excel based on Eurostat data
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Figure 6. Official development assistance provided to developing countries (% of GNI) - 2023
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Although Romania is positioned under the EU value, it should be taken into account that
only 6 developed EU MS registered a value over 0.56% of GNI, respectively NL (0.66%),
IE (0.67%), DK (0.73%), DE (0.82%), SE (0.93%) and LU (0.99%). In this context, the
data does not reflect a challenge for Romania, taking into account its development needs.

Regarding the SDGs entitled life below water and life on land, we conducted a comparison
between Romania and EU-27 to examine the protected areas. In this respect, Figure 7
indicates that 21.4% of the surface of the marine area is protected in Romania, compared
to 12.3% reported for EU-27. Thus, Romania registered the seventh highest protected
marine area from EU, and even if it has only 244 km of coastline, the Black Sea is
ecologically valuable since it is one of the most important water areas of Europe.

However, it should be noted that EU-27 includes five landlocked countries (AT, CZ, HU,
LU, SK) which reduces the EU value, while there are also countries with a longer coastline
than Romania (IT, EL, ES) for which are reported a lower surface of marine protected areas
taking into account the exploitation interests and local/regional fragmentation. With a view
to the terrestrial protected areas, the difference between Romania (23.5%) and European
Union (26.1%) is lower, but both rates are under the quantitative target (30% - also
applicable for the marine areas) set through the Green Deal that should be reached until
2030. In the context of the European commitment, further efforts are needed at national
level to reach this objective until 2030, but also to completely identify the 10% areas that
should be strictly protected.
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Figure 7. Surface of the marine and terrestrial protected areas - RO vs. EU-27 (2022)
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Source: Own processings in Microsoft Office Excel based on Eurostat data

According to Figure 8, in 2022, the lowest value of the recycling rate of municipal has
been recorded by Romania (12.3%, compared to the EU average of 49.1% - being followed
by MT with 12.5% and CY with 14.8%), while the highest rates were found in AT (62.6%),
SI (62.6%) and DE (69.2%). Regarding the circular materials use rate, Romania does not
experience a better situation.

In 2022, RO (1.5%) registered the lowest value of this indicator, being followed by IE
(2.1%) and BG (3%), while the EU average was 11.5%. The identified problems leading
to low rates of recycling rate are the lack of selective waste collection containers (especially
in rural areas), the lack of environmental education promoting the importance of selecting
garbage. In order to reach the level of countries that consider recycling and circular
economy essential, there is a need to promote investments in educating the population and
those oriented to waste sorting process. In addition, the low circular material use rate may
be attributable to the challenges related to poor infrastructure, dependence on primary
resources and weak legislation in this area.
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Figure 8. Recycling rate of municipal waste and circular material use rate in EU MS (2022)
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In Figure 9, we examined the EU-27 data for 2023 regarding the following indicators: real
GDP per capita, percentage of individuals with basic or above basic overall digital skills,
NEETs rate and early leavers from education and training rate. In this respect, according to
the data, countries registering a low level of NEETS rate and early leavers from education
and training rate seems to report a higher real GDP per capita, which evidences a positive

relationship between economic growth and education level.

Figure 9. Economy and education quality data in EU MS (2023)
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People who for various reasons decide not to pursue an education or vocational
qualification program will have more difficulty finding a job compared to those who have
completed higher education. It should also be noted that they are exposed to income risks,
compared to skilled and educated workforce.

Digital skills are also very important when discussing educational challenges. However,
Romania registers the lowest rate in the EU of individuals with basic or above basic overall
digital skills (27.73%) - being followed by BG (35.52%) and PL (44.3%) - well below the
EU average (55.56%). Moreover, the relationship between individuals with basic or above
basic overall digital skills and the NEETs rate is closely linked, as countries recording low
values of the percentage of individuals with basic or above basic digital skills also register
a high level of NEETsS rate, a relationship strongly observed in RO, BG, EL, IT.

According to Figure 10, Romania is the Member State with the most households without
having neither a bath, nor a shower, nor indoor flushing toilet. As can be seen, in the
analysed period 2010-2020 this indicator was on a decreasing trend, but nevertheless
Romania stay in the first place in the EU (21.2% in 2020 over EU average - 1.5%). This
situation is worrying, and government authorities must adopt measures to support local
communities in developing infrastructure within households in disadvantaged
environments. Another countries from EU with high values of this indicator in 2020 were
BG (7%), LV (7%) and LT (6.4%).

Figure 10. The evolution of population having neither a bath, nor a shower, nor indoor flushing toilet in their
household (%)
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Source: Own processings in Microsoft Office Excel based on Eurostat data

Next, we analysed the evolution of the population connected to at least secondary
wastewater treatment systems in the period 2010-2022. According to Figure 11, population
connected to at least secondary wastewater treatment increase in Romania in the analysed
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period, the highest value being recorded in 2022 - 54% (EU average 81%). Despite the
progress made, Romania ranks second (with Malta in first place at 7.3), remaining well
behind other countries where values exceed 99%, such as the Netherlands (99.65%) and
Austria (99.15%).The low rate of population connected to at least secondary treatment
systems has multiple causes: deficiency of infrastructure, disproportionate prioritization of
sewage and drinking water, fragmented implementation and uneven regional distribution
between urban and rural areas (almost half of the Romanian population lives in rural areas).
Romania also needs to accelerate infrastructure projects regarding water treatment systems
to reach EU standards and protect the environment and public health.

Figure 11. The evolution of the population connected to at least secondary wastewater treatment systems (%)
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Source: Own processings in Microsoft Office Excel based on Eurostat data

Regarding the goal of affordable and clean energy (Figure 12), we found a negative
relationship between the 2023 EU Member States' rankings in renewable energy and their
performance in terms of energy import dependency, this being supported also by the high
negative correlation coefficient (-62.37%).

This finding highlights the importance of promoting renewable energy production, given
its potential to reduce dependence on the external energy sources. According to the data, in
2023, Romania registered the third lowest energy import dependency (27.83%, compared
to EU-27 dependency which is more than twice higher - 58.27%) - a lower dependency rate
being found in SE (26.38%) and EE (3.47%), while in terms of renewable energy it
recorded the tenth highest rate (26.78%), a higher share than the one of EU-27 (24.55%).
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Figure 12. The relationship between the share of renewable energy in gross final energy consumption and
energy import dependency (2023)
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Figure 13. The relationship between the corruption perception index and the perceived independence of the
Justice system (2024)
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The last objective examined relates to peace, justice and strong institutions (Figure 13). In
this context, we examined the relationship between the 2024 EU Member States' rankings
from the perspective of corruption perception index and their positions regarding the
perceived independence of the justice system and we found a strong association (high
Pearson correlation coefficient of 83.59%). This evidences the high importance of
corruption perception in shaping human action, as it influences the perception on the justice
system independence, but also the way people acting. Finally, the institutional pillar may
provide appropriate instrumental variables for many socio-economic indicators taking into
account their high association with GDP/capita and well-being indicators.

5. Conclusions

This paper shows that socio-economic challenges are more pressing than environmental
ones in Romania, compared to other developed EU MS where the environmental challenges
need an increased focus within the policy specific processes.

The data highlights that Romania made some progress in addressing the social challenges,
but further efforts are needed taking into account social risks (also reflected in the high
percentage of people being exposed to poverty or social exclusion) remain pronounced.
Challenges related to education (including the ones related to high NEETs and earlyleavers
rates, but also the low percentage of individuals with basic or above basic digital skills) and
health systems also exerts a higher pressure on these. In addition, the rural areas in Romania
remain poor, which triggers additional social risks, taking into account the high share of
population not having a bath, a shower and an indoor flushing toilet in their household, but
also the low rate of population connected to at least secondary wastewater treatment
systems.

Even if Romania is mid-ranked regarding the renewable energy share and registers the third
lowest rate of energy import dependency, our analysis confirms a strong negative
relationship between EU MS positions from the perspective of these indicators (-62.37%),
this confirming the important role of renewable energy in reducing the energy dependency
at EU level. Nevertheless, greater efforts should be made to promote recycling behaviour
and to encourage the adoption of circular economy practices through product reuse and
resource efficiency. Even if the greenhouse gas emissions are low in Romania, compared
to other EU MS, the policymakers should take into account when designing new policies,
the mid-to-high correlation (49.02%) between the average CO2 emissions per km from new
passenger cars and domestic net greenhouse gas emissions over the period 2010-2023.

Moreover, the analysis highlights significant institutional challenges for Romania, which
recommends further efforts to improve the quality of institutions taking into account their
positive association with socio-economic dimension. Finally, even though Romania has
reduced some economic gaps through the increase in GDP per capita, further progress can
be supported by strengthening innovation capacity, including through increased - but
higher quality - expenditure on research and development.
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Note

(' Modest increase of +0.2 years.
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Abstract. The existing body of research examining the interplay between finance and development
predominantly concentrates on the banking sector and capital markets, often overlooking the
significant potential of the insurance sector. To address this gap, this paper investigates the impact
of the insurance sector on sustainable structural transformation, specifically emphasizing the
mediating role of renewable energy adoption. Employing panel data from 40 African countries
spanning the period 2000-2019 and utilizing Panel Corrected Standard Error (PCSE) and Feasible
Generalized Least Square (FGLS) estimation techniques, the findings indicate a positive and
statistically significant relationship between insurance sector development and sustainable
structural transformation. Further, the disaggregation of insurance into life and non-life insurance
reveals that both sub-sectors contribute positively, with non-life insurance exhibiting a more
substantial effect. Crucially, the analysis establishes renewable energy as a key transmission
mechanism through which the insurance sector influences sustainable structural transformation.
These results suggest that policymakers should strategically leverage the savings generated by the
insurance sector to foster and fund initiatives that promote a transition towards sustainable
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1. Introduction

The prevailing global paradigm of sustainable development is widely considered a crucial
framework for addressing the multifaceted challenges confronting both developed and
developing nations. A defining characteristic of many Southern countries is their
constrained access to the financial resources necessary to fuel their development ambitions.
The adoption of renewable energy stands as a key objective within the Sustainable
Development Goals (SDG 7), and the pivotal role of energy efficiency in combating climate
change was underscored at COP 21.

Despite concerted global efforts to accelerate the growth of renewable energy, a significant
impediment remains: the challenge of securing adequate financing (IEA, 2021).
Compounding this issue is the often-low return on investment associated with clean energy
projects (Taghizadeh-Hesary & Yoshino, 2020). Indeed, research by Del Gaudio (2022)
suggests that green loans can potentially reduce bank profitability and elevate default risk.
However, contrasting findings from Zyadin et al. (2014) highlight the substantial
commercial potential inherent in renewable energies, thus advocating for increased
investment. Despite this potential, recent data from the International Energy Agency (IEA,
2021) indicate that renewable energy sources still constitute less than 30% of global energy
production. Overall, Alharbi et al. (2023) emphasize the compelling role of renewable
energy as a solution to climate change.

The expansion of renewable energy necessitates the integration of innovative technologies.
Existing literature has established the significant role of the financial sector in fostering
innovation (Cornaggia et al., 2015; Hsu et al., 2014). Capital mobilized by the insurance
sector can contribute to advancements in renewable energy technologies through several
mechanisms. Firstly, an efficient financial sector can lower the financing costs associated
with new technologies through effective resource allocation. Secondly, the insurance sector
can facilitate the diversification of investor risks, enabling companies to leverage external
funds to mitigate the inherent risks of innovation (Cornaggia et al., 2015). Finally, the
increasing urgency of climate action is driving investors towards greater social
responsibility, prioritizing sustainable investments (Krueger et al., 2020).

Prior scholarly work indicates that shifting economies away from basic farming and raw
material exploitation toward industrial and service-based frameworks is crucial for
boosting economic expansion and increasing output potential (Botta et al., 2023; Page,
2015). Specifically, factory-based production provides benefits like increased wealth, cost
efficiencies through large-scale operations, and advancements in technology, making it a
favored pathway for improving how efficiently things are made (Page, 2015). Additionally,
factory output creates substantial indirect positive impacts on the service industry through
interconnected activities, encouraging external benefits in technological advancement,
workforce skill improvement, and knowledge acquisition, all essential for bettering overall
competitive standing (Page, 2015). The core of reshaping industrial structures involves
moving production resources from less efficient to more efficient and resource-conscious
areas, driven by the best possible distribution and organization of these resources across
different economic activities (Lin & Zhou, 2021). Nevertheless, conventional factory-led
output can severely harm the environment.
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In response, some African nations, such as South Africa, have implemented carbon taxes
to incentivize companies to adopt greener inputs, such as renewable energy, which possess
the potential to significantly reduce greenhouse gas (GHG) emissions. The South African
government has adopted various supply-side interventions as instruments of green
industrial policy. For instance, a carbon tax was introduced in 2019 at a rate of R120 per
ton of carbon dioxide equivalent (tCO2e), subsequently increasing to R190 per tCO2e from
January 1, 2022 (National Treasury, 2024). The National Treasury aims for a carbon tax of
USS$ 30 per tCO2e by 2030, which remains below the International Monetary Fund's target
of US$ 50 per tCO2e for emerging markets (SARB, 2023; Gaspar & Parry, 2021). Notably,
South Africa’s carbon tax covers a substantial portion (80%) of the country’s emissions. In
contrast to carbon-emitting energy sources, clean power from sunlight, wind, and water
produces electricity without direct greenhouse gas emissions during its use. The
widespread integration of sustainable technologies is fueling the expansion of
environmentally sound manufacturing industries. Similarly, monetary progress can act as
a driver in converting conventional industrial setups into advanced, intelligent industries,
fostering industrial modernization as a means to stimulate economic advancement (Nian &
Dong, 2022).

Numerous investigations have underscored the influence of financial progress on economic
restructuring. Research conducted by Xue et al. (2024) suggests that the evolution of digital
finance facilitates the updating of industrial frameworks. Likewise, Dong et al. (2024)
highlight the role of financial technology in reshaping economic structures. Wang et al.
(2023) emphasize the significant part played by environmentally conscious finance in
enabling economic transformation, and Yang et al. (2023) establish a connection between
financial development and the sophisticated evolution of the manufacturing sector.
Nevertheless, existing research appears to have largely ignored the insurance industry when
examining the link between financial growth and economic restructuring.

The African insurance industry is expanding rapidly, with increased participation from
corporations, individuals, and governing bodies across life, non-life, and reinsurance
markets. In 2019, insurance premiums in Africa were valued at USD 68.15 billion. The
largest markets are concentrated in South Africa, Kenya, Egypt, Nigeria, Algeria, Angola,
and Tunisia, collectively representing 83% of all African premiums in 2019. Data from the
Federation of African National Insurance Companies (FANAF, 2023) indicates that the
African insurance market accounted for only about 1% of total global premiums in 2022,
compared to 43% in the Americas, 28% in Asia, and 27% in Europe. Despite often being
less prominent within broader financial service sectors in Africa, the long-term growth and
financial capacity of the insurance industry could arguably be vital for overall economic
expansion and, particularly, economic restructuring.

This study makes three main contributions. Firstly, it seeks to fill the existing void in the
analysis of the relationship between the financial sector and economic restructuring by
specifically analyzing the role of the insurance industry. The insurance sector offers
essential safeguards against capital investments and credit, and by extending investment
timelines, it can increase the readiness of banks and investors to assume risks. It serves as
a catalyst for economic and structural diversification by redirecting financial resources
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from less productive sectors to more productive activities and by increasing access to
financing. Consequently, enhancing the efficiency of financial resource allocation is crucial
for driving broader economic efficiency and economic restructuring (Beck et al., 2011).
Secondly, this study utilizes a contemporary and comprehensive measure for sustainable
economic restructuring, the "Sustainable and Inclusive Structural Transformation Index,"
developed by Lin et al. (2019). Finally, this research aims to elucidate the function of
renewable energy in the relationship between insurance and sustainable economic
restructuring, a dimension largely overlooked in prior research. The mobilization of funds
from the insurance sector could significantly contribute to the advancement of renewable
energy technologies, ultimately facilitating the substitution of fossil fuels in companies'
production processes and promoting sustainable economic restructuring.

The subsequent sections of this paper are structured as follows: Section 2 provides a
succinct overview of the relevant scholarly work, Section 3 details the methodological
framework, Section 4 presents the empirical findings, and Section 5 concludes with a
discussion of the results and their implications for policy.

2. Literature Review

This section is structured into two sub-sections: the theoretical foundation (2.1) and
empirical evidence (2.2)

2.1. Theoretical literature

Economic restructuring involves a fluid redistribution of productive endeavors, generally
moving from farming to factory production and subsequently to service industries, marked
by related changes in the proportional contribution of each sector to total production, job
creation, and spending patterns (Pineli et al., 2021; Tyler et al., 2017). Monetary progress
is broadly acknowledged as a vital element in facilitating this evolutionary change (Levine,
1999). Based on the principles of financial deregulation, eliminating restrictions on
monetary systems is believed to encourage effectiveness and economic expansion (Naceur,
2016). Such deregulation can stimulate increased rivalry, greater novelty in financial
instruments, and improved availability of funding, all of which can substantially aid
economic restructuring. The conceptual links between monetary progress and economic
restructuring are complex and have been investigated from various theoretical standpoints.

2.1.1 The Role of financial development in facilitating structural transformation

A well-developed financial system acts as a catalyst for structural transformation by
optimizing resource allocation, encouraging capital accumulation, and driving
technological innovation. Efficient financial markets direct funds towards their most
productive applications, empowering firms to invest in advanced technologies and scale
their operations (Levine, 1999). This function is especially critical for the expansion of the
manufacturing and service sectors, which generally demand more substantial capital
investments compared to agriculture.
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2.1.2 Resource allocation and investment

An advanced financial system underpins structural transformation by enabling the efficient
allocation of capital across diverse economic sectors (Levine, 1999). Financial institutions,
encompassing banks and capital markets, play a pivotal role in information gathering,
project evaluation, and the channeling of funds towards the most promising investment
opportunities. This process is fundamental to structural change, facilitating the movement
of resources from lower-productivity agricultural activities towards higher-productivity
industrial and service sectors (Bustos et al., 2020). Furthermore, financial development
fosters capital accumulation, a prerequisite for funding investments in nascent industries
and advanced technologies (Levine, 1999). The expansion of credit markets empowers
firms to secure loans for investment purposes, while the growth of equity markets provides
avenues for raising capital through the issuance of shares.

2.1.3 Innovation and technological adoption

In developing economies, firms frequently encounter financial limitations that hinder their
capacity to invest in research and development (R&D) and implement new technologies.
A robust financial system can alleviate these constraints by offering firms access to the
necessary funding for innovation (Pradhan et al., 2016). Supporting this, Liu and Liu (2021)
demonstrated that financial development contributes to a reduction in carbon emission
intensity through the promotion of technological innovation.

The body of theoretical literature robustly supports the premise that financial development
is instrumental in facilitating structural transformation. By optimizing resource allocation,
encouraging capital accumulation, fostering innovation, and effectively managing risk,
well-functioning financial systems empower economies to transition from agrarian-based
structures towards industrial and service-oriented models.

2.2. Empirical literature

The empirical literature on the relationship between financial development and structural
transformation is organized around two key aspects: the direct and indirect effects.

2.2.1 The direct effect

Investigations centered on the Sub-Saharan African region (SSA) have explored how
monetary progress influences economic restructuring, frequently within the context of
integrated financial systems. These analyses commonly suggest that monetary progress
encourages economic shifts by increasing the worth added by both factory production and
farming. Nevertheless, its effect on the service industry might be less pronounced, and the
noticed outcomes may be more interconnected than separate (Alagidede et al., 2020). As
an example, Ustarz and Fanta (2021) discovered a beneficial effect of monetary progress
on service and farming industries in SSA, but pointed out that a certain level of monetary
progress is needed to positively affect the factory sector. Likewise, Lo and Ramde (2019)
determined that monetary progress supports long-run economic restructuring within the
Franc Zone.
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Looking beyond Africa, research in other areas provides pertinent understandings. Li et al.
(2021) studied the interaction between ecological rules and monetary progress on
environmentally friendly overall production efficiency in China's Yangtze River Delta
(YRD) area. Yang et al. (2023) examined data from 283 Chinese urban centers to evaluate
how monetary progress affects carbon releases, while taking into account the improvement
of industrial frameworks. Their results indicate a distinct positive impact of monetary
progress on both carbon releases and the advancement of industrial frameworks. While a
straightforward connection between monetary progress and economic restructuring is often
seen, an indirect connection influenced by elements like the uptake of sustainable energy
sources merits further investigation.

2.2.2 Indirect effect

The exploration of the indirect relationship between financial development and structural
transformation is organized into two key areas. The first (section 2.2.2.1) examines the
established links between financial development and renewable energy adoption, while the
second (section 2.2.2.2) presents evidence on the nexus between renewable energy and
structural transformation.

2.2.2.1 Financial development and renewable energy

Heightened worldwide worry about climatic shifts and the pressing need for enduring
power options has placed the connection between monetary progress and sustainable
energy at the forefront of both scholarly inquiry and governmental policy creation. A
growing collection of academic work points to a favorable link between monetary progress
and the embrace of sustainable energy.

Monetary progress can spur the utilization of sustainable energy by easing the acquisition
of funds for relevant undertakings (Qamruzzaman, 2024). Monetary organizations are
increasingly presenting varied financial tools, including loans and equities, specifically
crafted to bolster the implementation of sustainable energy technologies. This ease of
funding is especially vital for high-cost sustainable energy ventures like extensive solar and
wind power plants. Furthermore, monetary progress can lessen the perceived hazards tied
to sustainable energy investments, thereby making them more appealing to investors
(Taghizadeh-Hesary & Yoshino, 2020). Effective monetary systems can also steer
resources toward exploration and innovation, encouraging technological leaps and
lowering the costs of sustainable energy technologies. Such novelty is crucial for enhancing
the competitive advantage of sustainable energy sources compared to traditional fossil
fuels. Moreover, monetary progress can boost the effectiveness of sustainable energy
markets by offering transparent price indicators, decreasing transaction expenses, and
fostering vigorous competition (Sun et al., 2023).

Beyond funding ventures, monetary progress can also encourage the uptake of sustainable
energy by individual consumers and businesses. Access to borrowing and other monetary
services empowers households and firms to invest in sustainable energy systems, such as
solar panels and energy-efficient appliances. Moreover, monetary progress underpins the
expansion of sustainable energy industries by supplying essential working capital, trade
financing, and other vital monetary services. A broad investigation encompassing 103
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economies revealed a notable beneficial effect of monetary progress, particularly via
banking institutions, on sustainable energy consumption (Sun et al., 2023). Further analysis
underscored the impact of market depth, accessibility, and efficiency in both stock and
bond markets on sustainable energy consumption (Sun et al., 2023).

The idea of ecological finance, encompassing monetary investments with clear
environmental advantages, is increasingly recognized as a key driver for the sustainable
energy sector. Ecological bonds, ecological loans, and other specialized ecological
financial products serve to channel capital toward sustainable energy projects and promote
wider ecological advancement objectives (Subramaniam & Loganathan, 2024), who also
found that ecological finance propels sustainable energy growth in Singapore. In a related
vein, Ye et al. (2022) scrutinized the influence of diverse aspects of monetary progress,
including credit, equities, and securities, alongside corporate social responsibility (CSR)
reporting, on sustainable energy investment in a developing economy, finding that CSR
efforts positively shape sustainable energy adoption. Similarly, Igbal and Fikri (2024)
emphasize the capacity of Islamic finance, guided by Sharia principles, to fund sustainable
energy projects across 30 nations with a presence of Islamic banks, suggesting that Sharia-
compliant investors can play a significant role in financing clean technologies and
promoting ecological advancement.

2.2.2.2 Renewable energy and sustainable structural transformation

Worldwide energy systems are undergoing a deep change, spurred by increasing worries
about climatic shifts, the crucial need for secure energy supplies, and the pursuit of lasting
economic progress (Yang et al., 2024). This shift involves a basic move away from fossil-
based power towards sustainable energy forms, such as sunlight, wind, water power, and
plant-based fuels, with major effects across different parts of the economy (Li et al., 2021).
This analysis of existing research explores the varied effects of adopting sustainable energy
on economic reshaping, covering changes in productive activities, the makeup of
industries, technological progress, and societal betterment. Economic reshaping is defined
as a basic change in how an economy is structured, typically involving moving resources
from traditional areas like farming to manufacturing and service provision (Wei et al.,
2022).

The growth and implementation of sustainable energy technologies act as a trigger for
expansion in various economic sectors, including factory output, building, and services.
For example, making key parts for sustainable energy systems, like solar panels and wind
generators, creates new industries and job opportunities. Similarly, the building and setting
up of sustainable energy plants greatly adds to economic growth. Furthermore, the ongoing
upkeep and running of these plants require specialized services, further boosting the service
sector (Liu et al,, 2019), who showed that sustainable energy better encourages the
improvement of China's industrial structure compared to coal-based energy. According to
Maria et al. (2023), a basic economic reshaping is vital to stop the rise in global
temperatures and advance lasting progress through a move to a low-carbon system. Overall,
current research suggests that sustainable energy plays a key part in driving economic
reshaping and creating a more lasting and fair future. By embracing sustainable energy and
pushing technological innovation, nations can achieve their climate goals and ease
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economic restructuring (Shan et al., 2021). Despite these significant advantages, the move
to sustainable energy also brings considerable challenges, notably including financial
obstacles.

This review points out three main gaps in the current research. Firstly, the established link
between monetary progress and economic reshaping has largely ignored the possible role
of the insurance industry in easing financial hurdles faced by businesses. Secondly, earlier
studies on economic reshaping have not yet used the more complete and lasting measures
now available for this factor. However, Lin et al. (2019) developed the "Sustainable and
Inclusive Structural Transformation Index," which evaluates a nation's economic
performance by considering environmental sustainability and social inclusion alongside
economic reshaping. Finally, the research examining the connection between monetary
progress and economic reshaping has not adequately highlighted the mediating role of
sustainable energy. Yet, the growth of the sustainable energy sector significantly affects
economic progress, particularly through intermediate industries such as electrical
machinery production, transportation, warehousing, and various service industries. These
identified gaps form the basic starting point for this study, leading to the development of
the following hypotheses:

Hy: The insurance sector promotes sustainable structural transformation

H,: Renewable energy is a channel through which the insurance sector fosters the
structural transformation.

3. Data and methodology
3.1. Data

This study employs panel data covering 40 African countries over the period spanning 2000
to 2019. Data pertaining to insurance activities were sourced from the Global Financial
Development database. Macroeconomic variables were collected from the World
Development Indicators. The sustainable structural transformation indicator was obtained
from the research of Lin et al. (2019). The selection of the study period and countries was
determined by data availability. A comprehensive description of the data is presented in
Tables 1 and 2, and the specific list of countries included in the analysis is provided in
Table A in the Appendix. Table 1 provides a summary of the model variables using key
indicators. As illustrated in this table, the distribution of total insurance activity across the
African  countries in our sample exhibits considerable  heterogeneity.

dard deviati .
Standard deviation _ 2339 _ 160 > 0.33). Table 2 presents the
Mean 1.459

results of the correlation analysis. As shown in this table, a positive relationship exists
between total insurance activity and sustainable structural transformation. This positive
association is further substantiated by the graphical representation in Figure 1. The
implication of this finding is that countries with more developed insurance markets tend to
accumulate sufficient resources to facilitate their transition towards sustainable structural
transformation.

(Variation coefficient =



Insurance and sustainable structural transformation: Does renewable energy matter? 247
Table 1. Descriptive Statistics
N Mean SD Median Min Max
ISST 800 478 0.049 488 .335 575
TINS 800 1.459 2.339 707 .002 17.023
LINS 800 781 1.962 143 0 15.381
NLINS 800 698 0.522 537 002 2.914
Renewable 800 62.273 29.375 75.55 A 98.3
Domcred 800 23.276 25.228 14.419 .002 142.422
Debtstocks 772 50.272 42.418 37.651 2.551 366.033
Mineralrents 800 1.243 2.826 .059 0 24.834
Source: Authors.
Table 2. Correlation matrix
Variables (1) (2) (3) (4) (5) (6)
(1) 1SST 1.000
(2) TINS 0.185 1.000
(3) Renewable -0.019 -0.449 1.000
(4) Domered 0.156 0.784 0.674 1.000
(5) Debtstocks 0.134 -0.086 0.122 -0.046 1.000
(6) Mineralrents 0.183 -0.064 0.004 -0.009 -0.049 1.000

Source: Authors.

Figure 1. Insurance and sustainable structural transformation
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The dependent variable in this study is sustainable structural transformation, which we
measure using the Sustainable and Inclusive Structural Transformation Index (ISST)
developed by Lin et al. (2019). This index assesses the degree to which a country has
cultivated a modern economy grounded in industry or services while simultaneously
safeguarding the environment and promoting gender inclusivity. A key distinction of the
SIST is its methodology, which, in line with New Structural Economics, accounts for
variations in development levels across countries. The index evaluates a nation's
performance relative to its available resources, employing multiple imputation techniques
to address data limitations. This allows for comparative analysis across a broad spectrum
of indicators for nearly 200 countries over a 25-year period. The ISST comprises several
indicators categorized into three principal components: structural transformation,
environmental sustainability, and social inclusiveness. Each indicator is transformed using
a conditional cumulative density function to ensure equitable comparisons between
countries at comparable stages of development.

Our primary independent variable of interest is insurance. For our baseline analyses, we
utilize total insurance penetration as our measure. To ensure the robustness of our findings,
we further differentiate between life and non-life insurance penetration. Insurance
penetration is defined as the ratio of total insurance premium volume to GDP, serving as
an indicator of the significance of insurance activity relative to the overall size of the
economy. This measure is widely adopted in the existing literature (Arena, 2008; Bayar et
al., 2021; Horvey et al., 2023).

The control variables included in our analysis are selected based on established literature
concerning the determinants of structural transformation. Specifically, we incorporate the
following variables: mineral resources (measured as the ratio of total mineral resource rents
to GDP), external debt (captured by the percentage of external debt stock in GDP),
domestic credit (measured as domestic credit extended by banks to the private sector as a
percentage of GDP), and renewable energy (measured as the percentage of renewable
energy consumption in total final energy consumption). Prior research on structural
transformation has identified several key determinants. For instance, Huang et al. (2023)
found a positive correlation between resource rents and structural transformation in
developing countries. Similarly, Fogang and Tchitchoua (2020) demonstrated a non-linear
relationship between external debt and structural transformation. Regarding renewable
energy, Tian et al. (2024) established its role in promoting sustainable development.
Finally, Kromtit (2022) showed a positive association between financial development and
structural transformation.

3.2. Estimation strategy

The objective of this paper is to study the effect of insurance sector on the sustainable
structural transformation in Africa. Our model specification is based on the study
conducted by Tong et al. (2020). The econometric specification of our model is structured
as follow:

ISST; = yo + yiTins;: + y,Renew; + ysDomcered;; + y4Debt;; +
+ysMineral; + u; + vy + ej €))
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Where u; is the unobserved country-specific effect, v; is the time-specific effect and e;; is
the error term. INS, Renew, Domcred, Debt, Mineral respectively represent the insurance
activity, renewable energy, domestic credit, external debt, and mineral resources. Given
that Insurance activities might influence the sustainable structural transformation through
renewable energy, we defined the interaction variable between insurance and renewable
energy (Tins*Renewable). This variable is included in equation (1) to form equation (2).

ISST;; = yo + yiTins; + yoRenew;; + ysDomcered;; + y,Debt;; +
+ysMineral;; + y¢(Tins * Renewable);; + u; + v, + ;¢ (2)

Since our sample includes a larger N (40) compared to T (20), the automatic choice for
robustness is the Panel Corrected Standard Error (PCSE). The PCSE models are both
heteroskedasticity and simultaneously correlated across panels, with or without
autocorrelation. However, since the empirical literature has found the two estimators to be
mostly identical with common attributes, except when the number of time periods is twice
the number of cross sections, (Reed & Ye, 2011), we also present the results of the FGLS
method as an alternative measure to check the robustness of our findings. For, a popular
Prais-Winsten estimation with the Panel Corrected Standard Error (PCSE), suggested by
Beck and Katz (1995), has been performed to offer efficiency and consistency.
Nevertheless, a related technique that would also achieve the same goal of overcoming
group heteroskedasticity, time-invariant cross-sectional dependence as well as serial
correlations is the Feasible Generalized Least Squares (FGLS) estimator previously
proposed by Parks (1967). In fact, Monte Carlo simulations revealed that the FGLS and
PCSE estimators are robust to three econometric problems: autocorrelation,
heteroskedasticity, and panel correlation (Bai et al. 2021). However, as reported by Reed
and Ye (2011), the FGLS estimator has been found to significantly underestimate standard
errors in finite samples and cannot be used when the number of cross sections (N) is greater
than the number of periods (T). In such circumstances, Beck and Katz (1995) proposed the
PCSE estimator, which is a modification of the full GLS-Parks estimator that preserves the
Prais-Winsten weighting of the observations for autocorrelation, but uses a sandwich
estimator to incorporate the cross-sectional dependence when calculating the standard
erTors.

4. Results

This section is organized into three key parts. The first presents the main findings and their
interpretation. The second explores the results while considering potential heterogeneity
across the sample. Finally, the third part examines the role of renewable energy as a
mediating factor in the relationship between insurance activities and sustainable structural
transformation.

4.1. Main Results

Table 3 presents the results of the Panel Corrected Standard Error (PCSE) estimation,
illustrating the effect of insurance activities on sustainable structural transformation. The
findings in this table indicate that total insurance positively influences sustainable structural
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transformation in African countries (columns 1 and 4). Decomposing total insurance into
its life and non-life components confirms this initial result, with non-life insurance
exhibiting a more substantial impact (Columns 2-3, 5-6). This outcome aligns with the
premise that financial development fosters capital accumulation, which is crucial for
funding investments in emerging industries and technologies (Levine, 1999). The
expansion of credit markets enables firms to access borrowing for investment purposes.
Indeed, the finance industry plays a significant role in long-term growth by influencing
savings rates, investment decisions, and technological innovations (Levine, 2005).
Consequently, improved resource allocation can spur innovation and facilitate the
transition of economies from agriculture to industry and services, while simultaneously
reducing carbon emission intensity through technological advancements (Liu & Liu, 2021).
This result is consistent with the findings of Lo and Ramde (2019), who observed that
financial development promotes long-run structural transformation in the Franc Zone, and
the work of Jiang et al. (2020), which established a positive contribution of financial
development to industrial structure upgrading in China.

Regarding renewable energy, the results indicate a positive and significant effect on
sustainable structural transformation (Columns 4-6). The development of renewable energy
can stimulate growth across various sectors, including manufacturing and services. For
example, renewable energy technologies such as wind turbines and solar panels lead to the
creation of new industries and employment opportunities, ultimately contributing to
economic growth. As noted by Liu et al. (2019), renewable energy is more effective in
promoting the upgrading of China's industrial structure compared to coal energy.
Furthermore, Shan et al. (2021) demonstrated that by adopting renewable energy and
fostering innovation, countries can achieve their climate goals and promote economic
restructuring. The relatively modest effect of renewable energy on sustainable structural
transformation in our African sample might reflect the current limited allocation of
significant budgets towards clean energy development in these countries. Nevertheless, the
positive relationship observed between these two variables should inform policymakers
about the potential positive impacts of prioritizing clean energy development. Similarly,
external debt also shows a positive influence on sustainable structural transformation. The
relatively low impact of foreign debt presented in Table 3 could be attributed to the
possibility that African countries' debt is not primarily directed towards promoting
technological innovation, and even less so towards combating climate change.

Concerning mineral resources, their positive and significant impact on sustainable
structural transformation can be explained by the fact that their exploitation can provide
raw materials for the industrial sector. Moreover, the export of certain mineral resources
generates foreign currency for exporting countries, which can be utilized to finance the
transition from agriculture to industry and services. This finding contradicts the resource
curse hypothesis identified by Nkemgha et al. (2022), who argued that natural resources
constitute a hindrance to African industrialization. Similar results were obtained using
Feasible Generalized Least Square (FGLS) and Pooled Ordinary Least Squares (OLS)
estimations, as detailed in Table 4.
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Table 3. Effect of Insurance on sustainable structural transformation (PCSE)
2 5 6
Variables ISST ISST ISST ISST ISST ISST
TINS 0.00321** 0.00426**
(0.000290) (0.000561)
NLINS 0.0129** 0.0163***
(0.00196) (0.00529)
LINS 0.00378*** 0.00420***
(0.000356) (0.000590)
Renewable 0.000176*** |  0.000217*** |  0.000176***
(2.176-05) (2.126-05) (2.35¢-05)
Domcred 0.000174** 0.000249** 0.000237***
(5.18¢-05) (9.31e-05) (5.05e-05)
Debtstocks 0.000175*** |  0.000158*** |  0.000175**
(4.10e-05) (4.22¢-05) (4.10e-05)
Mineralrents 0.00347* 0.00372** 0.00335**
(0.000418) (0.000497) (0.000403)
Constant 0.473*** 0.469*** 0.475*** 0.445** 0.436*** 0.447**
(0.000539) (0.00139) | (0.000439) (0.00301) (0.00306) (0.00323)
Obs 800 800 800 772 772 772
R-squared 0.023 0.019 0.023 0.104 0.101 0.102
Number of | 40 40 40 39 39 39
Prob(Chi2) 0.00 0.00 0.00 0.00 0.00 0.00
Source: Authors
Table 4. Effect of insurance on sustainable structural transformation (FGLS and Pooled OLS)
FGLS FGLS FGLS Pooled OLS Pooled OLS Pooled OLS
VARIABLES ISST ISST ISST ISST ISST ISST
TINS 0.00426** 0.00426***
(0.00126) (0.000761)
NLINS 0.0163** 0.0163"
(0.00555) (0.00796)
LINS 0.00420** 0.00420***
(0.00138) (0.00111)
Renewable 0.000176* 0.000217** 0.000176* 0.000176*** 0.000217** 0.000176***
(7.87¢-05) (7.75€-05) (7.91e-05) (3.07e-05) (2.17e-05) (3.63e-05)
Domcred 0.000174 0.000249* 0.000237* 0.000174* 0.000249 0.000237***
(0.000135) (0.000128) (0.000129) (6.01e-05) (0.000168) (7.27¢-05)
Debtstocks 0.000175*** 0.000158*** 0.000175*** 0.000175*** 0.000158* 0.000175***
(3.99¢-05) (3.98¢-05) (4.01e-05) (5.466-05) (5.66e-05) (5.38¢-05)
Mineralrents 0.00347* 0.00372** 0.00335™** 0.00347*** 0.00372*** 0.00335**
(0.000585) (0.000603) (0.000583) (0.000511) (0.000515) (0.000491)
Constant 0.445** 0.436** 0.447** 0.445** 0.436*** 0.447**
(0.00687) (0.00700) (0.00702) (0.00248) (0.00347) (0.00299)
Observations 772 772 772 172 772 772
R-squared 0.104 0.101 0.102
Number of | 39 39 39 39 39 39
Prob (Chi2) 0.00 0.00 0.00
Prob(F-stat) 0.00 0.00 0.00

Source: Authors.

4.2. Accounting for heterogeneity

South Africa holds a dominant position in the African insurance market, accounting for
approximately 68.2% of the continent's total insurance premiums. Given this significant
share, it is pertinent to highlight the distinction between the results obtained from the full
sample and those derived from a sample excluding South Africa. Table 5 presents the
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analysis of the effect of insurance on sustainable structural transformation for the sample
excluding South Africa. The findings indicate that both total insurance and non-life
insurance exert a positive influence on sustainable structural transformation in this
subsample. However, life insurance shows an insignificant effect. This outcome can be
attributed to the composition of South Africa's insurance market, where non-life insurance
constitutes roughly 80% of the total premiums, while life insurance accounts for only 20%.
These statistics suggest that while the non-life insurance market is largely driven by South
Africa, the life insurance market has a more distributed presence across other African
countries.

Table 5. Regression without South Africa

1 2 3
Variables ISST ISST ISST
TINS 0.00417*
(0.00174)
NLINS 0.0170**
(0.00506)
LINS 0.00276
(0.00231)
RENEWABLE 0.000168*** 0.000156** 0.000166***
(2.63e-05) (2.65e-05) (2.61e-05)
Domcred 0.000149* 2.61e-05 0.000236***
(5.82e-05) (8.41e-05) (5.24e-05)
Debtstocks 0.000177** 0.000170*+ 0.000176***
(4.12e-05) (4.21e-05) (4.06e-05)
Mineralrents 0.00348*** 0.00376*** 0.00333***
(0.000395) (0.000507) (0.000383)
Constant 0.446*** 0.443** 0.448**
(0.00319) (0.00376) (0.00307)
Observations 752 752 752
R-squared 0.073 0.079 0.069
Number of | 38 38 38
Prob (Chi2) 0 0 0

Source: Authors.

4.3. The role of renewable energy in the insurance-sustainable structural
transformation nexus

Table 6 demonstrates an indirect relationship between the insurance sector and sustainable
structural transformation, mediated by renewable energy. This finding establishes
renewable energy as a key transmission mechanism through which the insurance sector
fosters sustainable structural transformation in Africa. This result can be explained by the
potential of savings generated by the insurance sector to facilitate loans and investments in
the development of renewable energy technologies. Such access to finance is particularly
crucial for capital-intensive renewable energy projects like solar and wind farms.
Furthermore, financial development can mitigate the risks associated with renewable
energy investments, thereby enhancing their appeal to investors (Taghizadeh-Hesary &
Yoshino, 2020). Consequently, advancements in renewable energy technologies are
expected to stimulate growth across various sectors, including manufacturing, construction,
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and services. For example, the production of solar panels, wind turbines, and other
renewable energy systems creates new industries and employment opportunities. As
highlighted by Liu et al. (2019), renewable energy more effectively promotes the upgrading
of the industrial structure in China compared to coal energy.

Table 6. The role of renewable energy on the relationship insurance and sustainable structural transformation

1 2 3 4 5 6

Variables ISST ISST ISST ISST ISST ISST
TINS 0.00321*** 0.00382*** 0.00176** 0.00352** 0.00426*** 0.00172*
(0.000290) (0.000314) (0.000638) (0.000599) (0.000561) (0.000792)
Renewable 0.000104** 0.000208*** 0.000186*** 0.000176** 0.000131**
(1.51e-05) (2.66e-05) (2.25e-05) (2.17e-05) (2.19e-05)
Domcred 0.000309*** 0.000229** 0.000174*+ 0.000278***
(7.03e-05) (5.55e-05) (5.18e-05) (5.85e-05)
Debtstocks 0.000160** 0.000175*** 0.000173**
(4.76e-05) (4.10e-05) (4.20e-05)
Mineralrents 0.00347** 0.00359***
(0.000418) (0.000428)
TINS*Renewable 0.000120***
(3.57e-05)
Constant 0.473** 0.465*** 0.455*** 0.449** 0.445** 0.443**
(0.000539) (0.00127) (0.00254) (0.00304) (0.00301) (0.00321)
Observations 800 800 800 772 772 772
R-squared 0.023 0.026 0.032 0.063 0.104 0.110
Number of | 40 40 40 39 39 39
Prob(Chi2) 0 0 0 0 0 0

Source: Authors.

5. Conclusion

Africa's green transition represents a significant challenge for the continent. However, the
delayed industrialization process could offer African nations a unique opportunity to
"leapfrog" traditional development pathways and directly pursue sustainable structural
transformation. Guided by this perspective, this study aimed to investigate the impact of
the insurance sector on sustainable structural transformation, with a particular focus on the
mediating role of renewable energy. Employing Panel Corrected Standard Error (PCSE)
and Feasible Generalized Least Square (FGLS) methods on a sample of 40 African
countries spanning the period 2000-2019, our findings establish that the insurance sector
indeed promotes sustainable structural transformation. Furthermore, the disaggregation of
insurance into life and non-life categories reinforces this conclusion, with non-life
insurance exhibiting a more pronounced effect. Crucially, our results also reveal that
renewable energy serves as a key transmission mechanism through which the insurance
sector fosters sustainable structural transformation. Consequently, policymakers should
strategically leverage the savings generated by the insurance sector to implement programs
that steer the continent towards sustainable development. Moreover, African governments
should actively promote the development and adoption of green solutions by alleviating
financial constraints on environmentally friendly technologies and projects through
incentives such as green subsidies for technology development and adoption.
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Appendix

Table A. List of countries

Algeria Central Africa Republic Gambia Mauritania Senegal

Angola Chad Ghana Mauritius Sierra Leone

Benin Democratic Republic of Congo Guinea Morocco South Africa

Botswana Congo Kenya Mozambique Tanzania

Burkina Faso Cote d ivoire Lesotho Namibia Togo

Burundi Egypt Madagascar Niger Tunisia

Cabo Verde Ethiopia Malawi Nigeria Uganda

Cameroon Gabon Mali Rwanda Zambia




Theoretical and Applied Economics
Volume XXXII (2025), No. 3(644), Autumn, pp. 257-270

Natural resources and the price of freedom.
A concise analysis of Ukraine’s natural resources
and who wins more from their direct exploitation?

Raluca Iuliana GEORGESCU

Bodislav & Associates, Romania
raluca.georgescu@infinitumgroup.com

Dumitru Alexandru BODISLAV

Bucharest University of Economic Studies, Romania
alex.bodislav@ase.ro

Abstract. This article investigates the intricate relationship between natural resources and national
freedom, focusing on Ukraine as a resource-rich yet geopolitically vulnerable state. It analyses the
economic, political, environmental, and strategic dimensions of resource management and their
implications for sovereignty, sustainability, and international security. Ukraine’s reserves of iron
ore, titanium, uranium, coal, and fertile agricultural land are assessed in terms of economic
viability, environmental risks, and their role in global supply chains. The study further explores how
Russia, the European Union, and the United States benefit differently from Ukraine’s natural
resources in the context of ongoing conflict, sanctions, and shifting alliances. While Ukraine
possesses immense potential to become a key agricultural and mineral exporter and an energy-
independent nation, political instability, war, and governance deficiencies have limited its capacity
to capitalize on these advantages. The paper concludes that sustainable management, institutional
reform, and integration into European and global markets are essential for Ukraine to transform its
resource endowment into long-term freedom and prosperity.

Keywords: Ukraine, natural resources, economic independence, resource governance, geopolitical
economy, energy security sustainable development.

JEL Classification: Q34, Q35, F51, 013, P48.



258 Raluca luliana Georgescu, Dumitru Alexandru Bodislav

1. Introduction

Freedom is often considered as one of the most prized values of human civilization;
nonetheless, it involves an immense cost. Nations and societies bear costs for their
independence, security, and self-determination, with natural resources being an important
component in this equation. The interplay between natural resources and the cost of
freedom is complex, covering economic stability, political authority, environmental
management, and geopolitical struggles (Smith, 2019).

2. The economic foundations of freedom

An essential component of a country's economic force are its natural resources. Wealth can
be created by nations with abundant resources, such as minerals, oil, gas, and fertile land,
supplying them with the financial resources they need to maintain and ensure their
independence and freedom (Ross, 2012). A robust economy enables a country to invest in
education, establish infrastructure, and grow sectors that provide wealth and jobs. In turn,
economic independence makes it more difficult for outside forces to manage, easily
manipulate or control a country. An abundance in resources, however, does not guarantee
freedom. The way a country manages its resources determines whether they operate as a
foundation for long-term independence or a source of economic instability. Economic
collapse brought on by poor management, corruption, and an excessive reliance on one
resource can leave a country open to both internal conflict and external pressures
(Acemoglu & Robinson, 2012). Therefore, the preservation of freedom requires
responsible resource management.

Political and Social Consequences

The management of natural resources has traditionally influenced political power relations
both inside nations and globally. Resource-rich nations often experience internal disputes
on resource allocation, resulting in conflicts, corruption, and even authoritarian rule
(Collier, 2007). In certain instances, ruling elites dominate resource wealth, suppressing
democratic liberties and raising inequality. This is seen in countries where oil wealth has
facilitated the establishment of dictatorial regimes that are limiting political freedoms for
the general population (Ross, 2012).

Nations that adopt transparent governance and fair allocation of resources can leverage
their wealth to promote political freedom. Public investment in education, healthcare, and
infrastructure can empower individuals, resulting in a more involved and independent
society (Acemoglu & Robinson, 2012). The management of natural resources reflects the
prevailing political structure and profoundly impacts the degree of freedom inside a society.

Long-Term Freedom and Environmental Sustainability

As natural resources support political and economic stability, long-term freedom is put at
risk by their depletion and improper management. Overuse of resources can result in
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climate change, biodiversity loss, and environmental deterioration, all of which can make
it more difficult for a country to maintain its independence (Diamond, 2005). For example,
national stability depends on the security of food and water, and if these resources are not
managed well, they may cause a reliance on outside assistance, which could weaken
national sovereignty (Brown, 2011).

Sustainable resource management guarantees a habitable and prosperous environment for
future generations. Long-term independence depends on making investments in
conservation efforts, renewable energy, and responsible resource extraction (Sachs, 2008).
Respecting and protecting its natural resources ensure a country's current political and
economic standing as well as the freedom of future generations.

The Cost of Resource Dependence and Geopolitical Struggles

Countries with natural resources often find themselves at the epicentre of geopolitical
struggles. Foreign powers can target countries with abundant resources to seize control of
valuable commodities. Wars have been fought for access to minerals, oil, and strategic
waterways throughout history (Klare, 2012). Competition for resources can result in
economic sanctions, militarily disputes, and foreign interventions, all of which put a
country's sovereignty at risk.

Furthermore, countries that lack fundamental and essential resources are forced to import,
leaving them open to changes in prices and political influence from resource-rich countries
(Yergin, 2011). For instance, a nation's capacity to make independent foreign policy
decisions may be restricted by its energy dependence. In a world where power dynamics
are often dictated by resource control, diversifying energy sources and securing trade
agreements are essential tactics for preserving freedom.

3. Ukraine’s Natural Resources: Economic Viability and Sustainable Exploitation

Ukraine is one of the greatest resource-rich countries in Europe, possessing extensive
agricultural land, significant energy resources, vast mineral reserves, and substantial
freshwater bodies. The country's historical and economic development has been
significantly influenced by these natural resources. Nevertheless, the sustainability of their
exploitation continues to be a significant concern because of ineffective management
practices, high extraction costs, and environmental risks. The challenge is to optimize the
economic potential of these resources while minimizing impact on the environment and
avoiding financial barriers that could impede development.

This article offers a comprehensive examination of Ukraine's most valuable natural
resources, including their economic importance, environmental impact, and the feasibility
of their sustainable utilization. We will evaluate the responsible use of Ukraine's natural
resources by exploring modern extraction methods, regulatory frameworks, and investment
strategies.
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Major Natural Resources in Ukraine

Ukraine is a worldwide leader in the production of mineral resources, possessing

substantial reserves of uranium, manganese, titanium, and iron ore. These minerals are

essential for both domestic industries and international markets, as follows:

= [Iron Ore: The Kryvyi Rih Basin is the primary location of some of the largest iron ore
deposits in the world - Ukraine. The country's reserves surpass 30 billion tonnes, placing
it among the top ten iron ore exporters (USGS, 2021). The country's metallurgical sector
has historically been significantly impacted by the extraction of iron ore, which has
contributed to steel production and exports.

= Manganese: Ukraine's manganese reserves, particularly in the Nikopol and Veliko-
Tokmak regions, rank among the largest in Europe and are a critical component of steel
production.

= Titanium: The aerospace, military, and medical industries rely on the country's
extensive titanium deposits. Ukraine is one of the five largest titanium producers in the
world (European Commission, 2021).

= Uranium: Ukraine has the potential to decrease its dependence on imported nuclear fuel
due to its substantial uranium deposits. However, most of its uranium mining industry
necessitates modernization and investment (World Nuclear Association, 2021).

Economic and Environmental Factors

Deforestation, soil erosion, and water contamination from tailings and heavy metal runoff
are among the severe environmental challenges that mining in Ukraine presents. Modern
techniques, including environmentally conscious extraction methods, improved waste
management systems, and land rehabilitation projects, must be implemented to reduce
these risks (European Environment Agency, 2020). An increase in technological
collaboration and foreign investment is essential for the modernization of mining
infrastructure and the reduction of costs.

Agricultural Resources

Ukraine is often referred to as the "breadbasket of Europe" because of its extensive, fertile

chernozem soil, which occupies approximately 25% of the country's land area. This soil

is exceptionally fertile, enabling the production of wheat, corn, sunflower, and barley on a

large scale:

= Grain Production: Ukraine is a global leader in the export of corn and wheat. Wheat is
a significant contributor to the country's GDP, as the favourable climate and fertile soil
facilitate high crop yields.

= Sunflower and Oilseeds: Ukraine is the world's largest producer of sunflower oil, an
essential commodity in global vegetable oil markets.

= Organic Farming Potential: Ukraine can expand its sustainable agricultural sector in
response to the growing global demand for organic produce.

Despite the immense potential, intensive farming has resulted in the overuse of pesticides
and fertilizers, the degradation of soil, and the loss of biodiversity (FAO, 2020). Sustainable
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agricultural practices, including precision farming, conservation tillage, crop rotation, and
reduced chemical inputs, can contribute to the preservation of soil fertility and long-term
productive agriculture. By investing in agricultural technology, such as Al-driven
monitoring systems and precision irrigation, it is possible to reduce costs and optimize the
use of water and fertilizer.

Energy Resources

Ukraine possesses substantial energy resources, such as coal, natural gas, oil, and
renewable energy potential. Yet, complete energy independence has been stalled by aging
infrastructure and geopolitical factors.

Ukraine has substantial potential for domestic energy production, as evidenced by its over
37 billion tonnes of coal reserves, which are primarily located in the Donetsk and Lviv-
Volyn basins (BP Statistical Review, 2021). Still, coal mining is an environmentally
hazardous activity that contributes to the pollution of air and water. Shale Gas and Natural
Gas: The Dnipro-Donetsk Basin is home to extensive, untapped shale gas reserves in
Ukraine. The potential for these reserves to be developed is to improve energy security and
decrease reliance on Russian gas imports. Ukraine's southern and central regions are
particularly high in solar and wind energy potential. IRENA (2021) reports that the
government has implemented policies to encourage and attract investments in green energy
projects. Greenhouse gas emissions, air pollution, and land degradation are the
consequences of conventional fossil fuel extraction. It is imperative to make the shift to
renewable energy sources, including solar and wind, to ensure long-term sustainability.
Upgraded energy infrastructure, government incentives, and foreign investment are
essential for this transition (World Bank, 2021).

Timber and Forests

About 15% of Ukraine's landmass is covered by forests, with the Carpathian region being
home to substantial timber resources. These forests provide support and sustenance for the
timber industry, carbon sequestration, and biodiversity.

Ukraine's forests are at risk due to illegal logging and deforestation. These issues can be
addressed through the implementation of sustainable forestry practices, afforestation
projects, and more strict regulatory enforcement. The preservation of forest ecosystems can
be achieved by promoting the development of non-timber forest products, including
medicinal plants, and eco-tourism (State Forestry Agency of Ukraine, 2022).

Water Resources

Ukraine has a vast network of rivers, including the Dnieper, Dniester, and Southern Bug,
which are critical to agriculture, industry, and energy production. Water quality is at risk
due to industrial pollution and climate change. Investing in sustainable irrigation systems
and modern wastewater treatment plants has the potential to improve water security and
efficiency (World Bank, 2021).
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Cost Considerations and Economic Viability

Several factors determine the feasibility of sustainable resource exploitation:

= Modern Technologies Investment: Sustainable extraction methods often require
substantial initial investments, but they generate lasting economic and environmental
advantages and benefits.

= Government Policies and Regulations: Effective policies, such as tax incentives for
sustainable projects, can help to promote environmentally responsible resource
utilization.

= Ukraine has the potential to attract foreign direct investment (FDI) in the mining,
agriculture, and renewable energy sectors to reduce costs and improve efficiency.

= Infrastructure Development: To optimize resource distribution and reduce operational
expenses, it is imperative to prioritize the development of modern energy and
transportation infrastructure.

4. Who Wins More?

Ukraine has been a strategic economic and geopolitical centre in Eastern Europe for an
extended period. Nevertheless, this affluence has also rendered Ukraine a battleground for
influence, particularly among the United States (US), the European Union (EU), and
Russia. However, the nation's economic potential has been substantially diminished by
persistent political instability and military conflicts, even though its resources are essential
to global energy security, industrial production, and food supply chains.

Ukraine is one of the largest holders of natural gas reserves in Europe, with an estimated
1.1 trillion cubic meters (BP Statistical Review, 2022). Ukraine has historically served as
a critical transit centre for Russian gas exports to the European Union. Until 2014, most of
the Russian gas that was intended for European markets was transported through Ukrainian
pipelines, which resulted in substantial transit fees and granted Ukraine strategic leverage.
Nevertheless, the landscape has been significantly altered by the ongoing conflict with
Russia and the annexation of Crimea. Underinvestment and political instability have
resulted in the underdevelopment of Ukraine's gas fields, which are predominantly situated
in the Dnipro-Donetsk region. Despite the existence of substantial reserves, the nation
continues to depend on imports to satisfy domestic demand. The European Union has been
instrumental in promoting Ukraine's energy independence by offering financial and
technical support to modernize its gas infrastructure and integrate it into the European
energy market. The United States has indirectly benefited from Ukraine's transition away
from Russian energy dependence from a geopolitical perspective. In their pursuit of
alternatives to Russian gas, European nations have increasingly looked to American
liquefied natural gas (LNG) as a substitute. While Ukraine continues to depend on external
supplies, its strategic location and underground gas storage facilities remain essential for
the energy security of Europe.
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The Donetsk and Luhansk regions contain the majority of Ukraine's estimated 3.9 billion
tonnes of coal reserves (IEA, 2023). Until the 2014 outbreak of conflict, Ukraine was one
of the top coal producers in Europe due to these reserves. Nevertheless, a significant portion
of this coal production has been under Russian control since the conflict began. The loss of
coal mines in the eastern region has compelled Ukraine to increase its dependence on
imports, including those from Russia, which paradoxically benefits from Ukraine's
diminished energy independence. Simultaneously, the EU and the United States have
experienced less direct benefits, as their economies are transitioning to renewable energy.
War damage and environmental concerns confound extraction efforts, rendering the long-
term future of Ukraine's coal industry uncertain.

Ukraine's oil reserves are estimated to be 395 million barrels, which is relatively modest.
Although this is insufficient to establish Ukraine as a global oil player, its strategic location
and refining infrastructure render it a critical transit centre for European energy supplies.
Political risks and infrastructural challenges have hampered foreign investment in
Ukraine's efforts to increase domestic oil production over the years. The energy sector of
Ukraine has indirectly benefited the United States and the European Union by reducing
their dependence on Russian imports and promoting energy diversification strategies.
Nevertheless, Ukraine has encountered limitations in its ability to completely capitalize on
its oil resources because of inconsistent energy policies and poor infrastructure.

Ukraine is the scene of some of the world's most valuable iron ore deposits, with reserves
estimated to be 30 billion tonnes (World Mining Data, 2023). Major mining operations are
concentrated in Kryvyi Rih, Kremenchuk, and Poltava, and Ukraine is among the top global
producers due to these vast reserves. Ukraine has historically supplied substantial quantities
of iron ore to European industries, which is a critical component of steel production.
Ukraine's ore exports provide substantial support to the EU's construction and
manufacturing sectors. Previously, Russia had significant stakes in Ukrainian mining
operations, but due to geopolitical tensions and sanctions, it no longer has access to these
resources.

Ukraine has the fourth highest global reserve of titanium, a valuable resource for aerospace,
defence, and high-tech industries (USGS, 2023). Ukraine's titanium reserves have become
increasingly strategic as the US and EU aim to decrease their reliance on Chinese titanium
supplies. Given its significance in the production of aircraft and advanced military
technologies, the United States has demonstrated a particular interest in ensuring a
consistent supply of Ukrainian titanium. Significant deposits of uranium and manganese,
which are necessary for nuclear energy and steel production, are also found in Ukraine.
Ukraine's economic potential is made even stronger by these resources, but their full
potential has been constrained by political instability. Ukraine is a major agricultural
powerhouse in addition to its wealth in minerals and energy. The nation ranks among the
top producers and exporters of sunflower oil, corn, and wheat all over the world. It
represents 12% of global wheat exports and 16% of corn exports (FAO, 2023). Due to its
reliance on Ukrainian grain for food security, the EU benefits most from Ukrainian
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agricultural exports. Nevertheless, Russia has made an organized effort to disrupt Ukraine's
agricultural sector by seizing farmland in occupied territories, blockading ports, and
targeting export routes. While the US competes with Ukraine in grain exports, it also
indirectly benefits from the stability of the global market.

The question of who benefits the most from Ukraine's resources arises considering the
ongoing conflict and the strategic role of Ukraine in supplying energy, minerals, and food.

Russia’s Gains and Losses

Throughout history, Russia has exercised substantial economic leverage over Ukraine's
resources. Russia benefited on Ukraine's coal, natural gas transit routes, and agricultural
exports prior to the 2014 annexation of Crimea and the 2022 invasion.

Gains: Russia has seized control of portions of Ukraine's resource-rich Donbas region,
which is home to most the country's coal reserves. Given the sanctions imposed on Russian
energy products, the occupation of these regions enables Russia to utilize coal for domestic
consumption and export. Furthermore, Russia has enhanced its global leverage by
positioning itself as an alternative supplier to regions experiencing shortages by disrupting
Ukraine's capacity to export natural gas and grain.

Losses: Sanctions and international isolation have resulted in substantial economic losses
for Russia, despite its territorial expansion. The EU, which was previously a significant
market for Russian and Ukrainian coal, has implemented significant trade restrictions.
Additionally, Russia's influence over the energy security of the region is diminished by
Ukraine's transition to European energy integration. However, the war has also resulted in
long-term diplomatic and economic repercussions that impede Russia's ability to engage in
foreign trade and investment.

Economic and Strategic Benefits of the European Union

The EU is one of the largest beneficiaries of Ukraine's resource wealth. For an extended
period, Ukraine has been the primary source of raw materials for Europe, including energy
transit, agricultural products, and iron ore.

Gains: Ukraine's position as a major grain supplier is crucial for European food security.
The EU stabilizes food prices within its member states by importing substantial quantities
of Ukrainian wheat, corn, and sunflower oil. Furthermore, Ukraine's iron ore exports are
essential for the European steel industry, as they provide support to the construction and
manufacturing sectors. Following the Russian invasion, Europe strengthened its ties with
Ukraine's energy sector. Ukrainian natural gas storage facilities are essential for the EU, as
they reduce its dependence on Russian gas. European investments that could potentially
replace fossil fuel imports from Russia have also been attracted to Ukraine's potential for
renewable energy development, particularly wind and solar power.

Losses: Supporting Ukraine comes with significant financial costs. Ukraine has required
substantial economic and military assistance from the European Union to maintain its
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defence and economy. Furthermore, the ongoing conflict disrupts trade routes, resulting in
temporary food and energy shortages that affect European markets.

The United States: Economic Gains and Strategic Leverage

Despite its geographical distance, the United States has established itself as a significant
player in the competition for Ukraine's resources. The primary objectives of the United
States are to enhance its position in global energy markets, secure alternative resource
supplies, and limit Russian influence.

Gains: Exports of liquefied natural gas (LNG) to Europe have been one of the United States'
most significant advantages. American LNG has stepped in to fill the gap as the EU seeks
alternatives to Russian energy, thereby increasing US energy revenues and geopolitical
influence. Additionally, Ukraine's titanium and other critical mineral reserves are of
strategic significance to the aerospace and defence industries of the United States. By
securing access to these resources, Ukraine becomes a valuable partner in the security of
supply chains for advanced technologies, thereby reducing reliance on China.

Losses: The US has provided billions of dollars in financial and military assistance to
Ukraine. Although this establishes enduring strategic partnerships, it faces a substantial
economic burden. Furthermore, American agricultural exporters engage in competition
with Ukraine in global markets, which results in certain economic conflicts of interest.

A Crisis in a Resource-Rich Country: Ukraine

Ukraine has been unable to take full advantage on its natural resources because of political
instability and war, despite its immense natural wealth. Despite the potential to become a
leading agricultural and mineral exporter and an energy-independent powerhouse, the
country has been unable to fully capitalize on these advantages due to the ongoing conflict.

Gains: Due to the world-wide significance of its resources, Ukraine receives substantial
foreign aid and investment. Ukraine's economy is still receiving assistance from the EU
and the US in the form of infrastructure projects and energy sector modernization.
Furthermore, Ukraine is establishing itself as a long-term alternative supplier of energy
resources, agricultural goods, and minerals as it transitions from its dependence on Russian
energy.

Losses: Ukraine experiences the most substantial losses in the form of territorial occupation
and destruction. The war has resulted in the relocation or closure of numerous industries,
disrupted exports, and damaged infrastructure. The economic potential of Ukraine is
restricted, and post-war reconstruction efforts are delayed due to the inability to fully
control and extract its resources.

The natural resources of Ukraine provide economic and strategic advantages to each major
power—Russia, the EU, and the US—to varying degrees. In the short term, Russia benefits
from the occupation of coal-rich regions and the disruption of Ukraine's exports. However,
these advantages are undermined by long-term sanctions and diplomatic isolation. The EU
is the most immediate economic beneficiary, as it relies on Ukrainian food and mineral
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exports to maintain market stability. The United States, on the other hand, maintains
geopolitical influence by exporting LNG and gaining access to critical minerals. Ukraine's
potential is immense; however, it is constrained by political instability and war. The future
of Ukraine's resource exploitation will be contingent upon its capacity to regain control,
secure sustainable investment, and develop industries that are not subject to external
geopolitical pressures.

5. Governance of Ukraine and its reform

In recent years, Ukraine has experienced unprecedented challenges, particularly because of
the ongoing war, which has disrupted its economy, infrastructure, and societal structure.
Nevertheless, to reconstruct and develop in a sustainable and resilient manner, the country
must prioritize strategic policies and investments. These include the following: investing
in human capital, assuring environmental sustainability, building economic development,
rebuilding infrastructure, and strengthening governance.

Institutional reform, infrastructure reconstruction and governance

Effective development in Ukraine necessitates solid institutions and effective governance.
Corruption has been a persistent issue that has slowed economic progress and public trust
(Transparency International, 2022). It is necessary to prioritize the modernization of
government institutions, improving the level of transparency, and the reinforcement of the
rule of law. The expansion of e-government platforms and the digitization of public
services have the potential to improve efficiency and minimize corruption. The European
Commission (2023) has also suggested that the integration of Ukraine into European
institutions and adherence to EU legal frameworks can promote a more strengthened
democratic governance.

The infrastructure of Ukraine, which covers roads, bridges, energy systems, and industrial
facilities, has been significantly impacted by the war (World Bank, 2023). Resilient and
sustainable infrastructure development must be the primary focus of post-war
reconstruction. This refers to the implementation of modern, energy-efficient technologies
and improving the level of connectivity between the country and European markets.
Investment in transportation infrastructure, including high-speed rail and modernized
highways, will boost economic growth and trade. Additionally, the development of digital
infrastructure, such as the expansion of broadband and the implementation of 5G networks,
will lead to technological iUkraine's economy has traditionally been based on heavy
industry, agriculture, and raw material exports. Diversification is indispensable for
guaranteeing economic stability over the long term. The country should prioritize the
development of value-added industries, including renewable energy, IT services, and high-
tech manufacturing (OECD, 2023). Promoting a business-friendly environment and
encouraging foreign direct investment (FDI) will speed up economic growth. Also, the
investment in small and medium-sized enterprises (SMEs) has the potential to promote
employment creation and entreprencurship, thereby reducing reliance on traditional
industries.
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Food security, agricultural modernization, green transition and energy independence

To optimize sustainability and productivity, the agricultural sector requires modernization
(FAO, 2023). Soil health and crop yields can be improved by implementing precision
agriculture, optimizing irrigation systems, and reducing dependence on chemical inputs.
Increasing profitability can be achieved by developing value-added food processing
industries and expanding access to global markets. It will also be essential to implement
sustainable agricultural practices to minimize the effects of climate change and guarantee
long-term food security innovation and business opportunities.

The energy security of Ukraine is a significant concern due to its dependence on energy
imports and fossil resources. The transition to renewable energy sources, including
hydropower, solar, and wind, should be the primary focus of post-war development
(IRENA, 2023). Expanding domestic energy production and investing in smart grids can
enhance energy security and sustainability. In addition, the implementation of energy
efficiency measures in both buildings and industries can result in a decrease in overall
consumption and a saving in costs. A green transition is consistent with the environmental
standards of the European Union and has the potential to attract international investment in
sustainable projects.

Climate resilience, environmental sustainability, human capital development and
education

Ukraine is confronted with substantial environmental obstacles, such as soil degradation,
industrial pollution, and deforestation (UNEP, 2023). All aspects of development must be
integrated with environmental sustainability during post-war reconstruction. Improving
waste management systems, promoting reforestation projects, and enforcing stricter
environmental standards will all contribute to a healthier ecosystem. Resilience to climate
change will be improved through the implementation of climate adaptation strategies,
including drought-resistant agriculture and flood protection. Sustainable growth will be
encouraged by investing in circular economy practices and green technologies.

Ukraine's future prosperity is reliant upon the availability of a workforce that is exceedingly
effective. To satisfy the requirements of a modern economy, the education system must
be reformed to prioritize STEM (science, technology, engineering, and mathematics)
education and vocational training (UNESCO, 2023). The workforce will be adequately
prepared for economic transformation by increasing access to professional development
programs and higher education. In addition, it will be essential to address brain drain by
establishing incentives for skilled professionals to remain in Ukraine to encourage long-
term development.

Human capital development, education, and healthcare system improvement

Ukraine's future prosperity is reliant upon the availability of a workforce that is exceedingly
effective. To satisfy the requirements of a modern economy, the education system must be
reformed to prioritize STEM (science, technology, engineering, and mathematics)
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education and vocational training (UNESCO, 2023). The workforce will be adequately
prepared for economic transformation by increasing access to professional development
programs and higher education. In addition, it will be essential to address brain drain by
establishing incentives for skilled professionals to remain in Ukraine to encourage long-
term development.

The healthcare system of Ukraine has been massively burdened by the war, which has
revealed deficiencies in medical infrastructure and accessibility (WHO, 2023). Improved
medical supply chains, expanded healthcare access in rural areas, and the reconstruction of
hospitals should be the primary objectives of post-war development. Improvement of
public health initiatives, such as mental health support and disease prevention programs,
will support a healthier population. Telemedicine and electronic health records are
examples of digital healthcare solutions that can improve the quality of patient care and
increase efficiency.

6. Conclusion

Social inclusion and support for vulnerable populations must be the primary focus of
Ukraine's recovery. It is essential to address the needs of internally displaced persons
(IDPs), war veterans, and affected communities to achieve long-term stability (UNHCR,
2023). Policies that encourage economic reintegration, community reconstruction, and
social cohesion will contribute to the development of national unity. A fair and equal
recovery process can be achieved by reinforcing social safety nets, which incorporate
affordable housing and employment programs.

Ukraine's future development is tied upon its geopolitical position. The economic and
security benefits will be achieved by solidifying alliances with the European Union,
NATO, and international financial institutions (NATO, 2023). Infrastructure funding,
technological collaboration, and trade expansion can be assisted through international
partnerships. By leveraging global support and ensuring an effective diplomatic presence,
Ukraine will improve its international standing.

The future of Ukraine is highly promising; despite the significant obstacles it has
encountered. The country stands ready for a resilient recovery, as it is dedicated to
infrastructure modernization, governance reform, and economic diversification. Ukraine's
population has exhibited extraordinary determination and perseverance. The nation can
establish a prosperous and prosper future by encouraging innovation, investing in human
capital, and adopting sustainable practices. Ukraine will be able to successfully integrate
into the global economy by establishing strategic partnerships with international allies,
which will further support economic stability and security. The road ahead is difficult, but
with perseverance and visionary leadership, Ukraine may emerge from its trials stronger,
more united, and ready for a prosperous future.
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Abstract. This paper examines the dynamic interaction between economic growth in India and
fiscal deficit data between the years 1970 and 2021 through the use of the Autoregressive
Distributed Lag (ARDL) bounds testing method. Based on the theoretical framework of the
Neoclassical school of thought, the paper will seek to learn whether fiscal deficit is either a stimulus
to long-term growth or a limiting factor. Surprisingly, empirical findings have indicated that fiscal
deficit as a percentage of GDP negatively influences the long-run growth at a statistically significant
level. This favours the crowding-out theory that where a government borrows too much, it can force
out any private investment by reducing economic growth.

Gross capital formation, broad money supply, and trade openness in the short run however,
demonstrate several mixed and varying effects on growth, representing the intricacies of the
interactions of various variables in the macroeconomic setting. The model assumes that diagnostic
tests involving no serial correlation, homoscedasticity, and normal residuals are met; hence,
estimates are reliable.

The results show the essence of prudent fiscal management. To achieve inclusive and stable growth
in India, policymakers ought to focus on measures that imply decreasing structural deficits,
increasing the quality of public spending, and striking a compromise between temporary economic
demands and long-term sustainability.
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1. Introduction

In the field of economics, the relationship between the budget deficit and economic growth
continues to be a significant topic of investigation. This is especially true in developing
nations such as India, which are confronted with the twin challenge of speeding economic
growth while simultaneously maintaining economic stability. A policy instrument that has
been the subject of debate for a long time is the fiscal deficit, which occurs when the
government spends more money than it gets in. Keynesians are of the opinion that in times
of economic slack, it is important to run budget deficits in order to stimulate general
demand and jumpstart economic development. On the other hand, the monetarist and
neoclassical schools of economic thought argue that long-term fiscal imbalances can result
in inflation, higher interest rates, a buildup of debt that is not sustainable, and a lack of
private investment, all of which can be detrimental to the economy in the long run.

In the context of this discussion, India is a highly intriguing example. Since the 1970s,
India's public finances have been plagued by a structural imbalance in its fiscal budget.
Deficit financing has been utilized by governments in order to accomplish developmental
objectives, to sustain expenditure in the social sector, and to deal with shocks to the
macroeconomic system. In contrast, the consequences of irresponsible fiscal policy over
the long term were increasingly apparent in the late 1980s and early 1990s, which
ultimately led to the crisis in the balance of payments that occurred in 1991. After then,
India started rolling out macroeconomic and fiscal changes in response to the situation.
The commitment to fiscal restraint was strengthened even further with the passage of the
Fiscal restraint and Budget Management Act (FRBM Act) in the year 2003. Despite these
measures, there are still instances of budgetary slips occurring, particularly during times of
global crisis such as the Global Financial Crisis (2008) and the COVID-19 pandemic. In
light of this, it is imperative that we reconsider the long-term trade-offs that exist between
fiscal activism and macroeconomic stability.

There is still no agreement among researchers on this specific topic in empirical research.
Several studies have shown that fiscal deficits can help the economy grow, especially when
they are used to pay for public investments or as a tool for countercyclical operations. Other
studies have shown that the effects of fiscal deficits can be either bad or not straight,
depending on how they are paid for, how well the money is spent, and the state of the
economy as a whole. This difference shows how important it is to do research that is based
on strong empirical frameworks and is specific to the situation at hand.

With this in mind, the goal of this study is to look into how India's fiscal deficit affects
economic growth in the short and long terms, starting in 1970-71 and ending in 2021-22.
Pesaran and Shin (1999) came up with the Autoregressive Distributed Lag (ARDL) Bounds
Testing method as a way to test for cointegration. This method works very well when you
are looking at time series variables that are integrated at more than one level. The large
amount of data not only makes the estimate look more accurate, but it also shows how big
changes in structure, shocks from outside the economy, and changes in policy have had a
big effect on the economy over time. The empirical model includes important
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macroeconomic control variables like gross capital creation, inflation, the currency rate,
trade openness, and total revenue, in addition to the gross domestic product and the budget
deficit. We now have a full picture of how India's tax policy affects economic growth.

This paper is structured as follows. The following subsection 1.1 highlights the trends and
patterns in India’s fiscal deficit since 1970. Section 2 is divided into two parts: the first
discusses the theoretical background of fiscal deficit-growth linkages, and the second
presents a review of relevant empirical literature. Section 3 outlines the model specification
and estimation strategy. Section 4 discusses the results obtained from the ARDL
framework. Section 5 concludes the study with policy implications and directions for future
research.

1.1. Fiscal Deficit in India

As shown in Figure 1, the fiscal deficit (FD) of India, as a percent of GDP has had a greatly
cyclical, policy-driven trend over the last 50 years, as both a reflection of underlying
structural economic issues and developments in the fiscal system. Between the mid-1970s
and the mid-1980s, FDs varied between 3 and 4 percent of GDP, which pointed to a
moderate degree of imbalance which accords with the inward-looking developmental
model adopted in India. The 1980s, nevertheless, are a major change: fiscal deficits steadily
grew, reaching over 8 percent of GDP by the middle of the 1980s. This increase was mainly
attributed to the increasing levels of expenditure by the people, unproductive subsidies as
well stagnancy in revenues, with low levels of productivity in addition to lack of tax
buoyancy (Rangarajan & Srivastava 2005). The instability that followed macroeco-
nomically formed part of the conditions that led to the crisis of the balance of payments in
the year 1991 and thus it revealed the insecurity of the fiscal architecture of India.

Figure 1. Fiscal Deficit as a Percentage of GDP (1970-2021)
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Subsequently, a serious effort at fiscal consolidation was witnessed during the post-1991
regime of liberalizations. During the mid-1990s, the deficit-to-GDP ratio was reduced to
about 5 percent with receipts of disinvestment and with restructuring of subsidies and
incomplete revenue reforms. The trend did, however, soon reverse itself when populist
spending and slippages in fiscal control, which began during the coalition years, resulted
in a revival of fiscal imbalances at the end of the 1990s (Chakraborty & Dash, 2017). In
the light of institutional protection, the FRBM Act originated in 2003, which had a purpose
of legally binding the central government by providing the consolidated fiscal objectives
and cutting down the revenue deficits. Figure 1 shows the visible effects of the Act since
the fiscal deficit has decreased significantly (below 3 % of GDP) between the period since
2007 08 thus indicating short-run effectiveness of rule-based fiscal discipline and better
management of the government finances (Government of India, 2004; RBI, 2010).

The current spell of fiscal restraint, however, economics was brought to a screeching halt
by the 2008 world financial crisis, which made it necessary to reactionary fiscal stimulus
comprising of tax cuts and heightened capital spending. As a result the fiscal deficit leaped
to more than 6 percent of GDP highlighting the conflict between the fiscal regulations and
the economic necessities. Though the government again expressed its intentions to give the
FRBM framework a priority, the corresponding periods of time (2011-2019) saw only
incomplete consolidation, with the fiscal space being constrained by structural revenue
constraints, particularly, following the implementation of the Goods and Services Tax
(GST), and increasing expenditure demands. According to Patnaik and Pandey (2019), the
fiscal deficit of India after the crisis showed not only sensitivity to the macroeconomic
shock but also to the fiscal behavior of sub-nations and the flow of federal transfers.

The largest and most spectacular surge in the fiscal deficit came in 2020-2021, as the
COVID-19 pandemic forced the government to implement massive, never-before-seen
fiscal expansions in terms of direct transfers, food subsidies, and health spending. It
contributed to a fiscal deficit of approximately 9.5 percent of GDP, which was the highest
of post-reform history (IMF, 2021; RBI, 2021). Not only did this event put pressure on
India’s debt dynamics, but the event triggered debates again on the relevance and flexibility
of fiscal rules. Fiscal frameworks of the future, as the 15th Finance Commission (2021) has
pointed out, need to include escape clauses and medium-term debt anchors, as they help
make room in fiscal policymaking between fiscal discipline and the finance-friendly effects
of public investment.

Therefore, looking at the historical dynamics of the fiscal deficit in India, shown in Figure
1, there is one piece of history repeating over time, and that is one of fiscal profligacy and
subsequent corrections through institutional measures. Although such measures as those
provided by FRBM Act do help to suggest the period of consolidation, sustainable fiscal
performance in India still depends on enhancing the efficiency of taxation, quality of
expenditure, and institutional credibility. And as is well observed by Mohanty (2012), in a
developing economy such as India, the task at hand is not only to bring deficits down but
to make sure that fiscal policy bears a positive relevance to macroeconomic stability and
inclusive growth.



Assessing the macroeconomic impact of fiscal deficit in India: evidence from ARDL approach 275

2. Review of literature
2.1. Theoretical Perspectives on Fiscal Deficit and Economic Growth

Understanding the relationship between fiscal deficits and economic growth continues to
be a central concern in economic theory and policy. Numerous theoretical frameworks have
offered different interpretations of how government borrowing influences macroeconomic
performance. Among the most prominent are the neoclassical view, the Keynesian
perspective, and the Ricardian Equivalence Hypothesis. Each paradigm reflects a distinct
analytical posture toward the economic implications of budget deficits.

The Neo-Classical View

The neoclassical view has a mainly skeptical approach towards fiscal deficits, with heavy
stress on the negative consequences of macroeconomic balance and growth in the long-
term in future. Advocates of such an opinion (Bernheim, 1989) pinpoint the fact that a
government deficit will cause higher interest rates because it will diminish national savings
especially when there is not enough saving by the private sector to offset the dissaving by
the government. This is because the cost of capital would go up due to an increased rate of
shrinking lending sources of funds.

With increased interest rate, there is a crowding out of the private investment thereby
reducing the prospects of formation of productive capital. This displacement effect
weakens the expenditure of the private sector and its long term growth potentials. Besides,
government demand at full employment will create inflationary pressure on the economy
leading to price volatility instead of economic growth.

The Neo-Classical model has three major assumptions. The consumers nationwide are first
involved in intertemporal optimizations of consumption and savings choices where they
fully exploit the credit markets to borrow and loan at the market rate of interest. Second,
people live to death, and they belong to successive generations, hence, economic choices
affecting future economic results are made by present-day groups. Thirdly, the market
clearing assumption implies that the prices and quantities are changed once the demand
and supply are equal in every market.

In this context, fiscal deficits would be regarded as distortive and ultimately
counterproductive since they impair savings, discourage venture and result in inflationary
pressures, which in aggregate depress economic growth.

The Keynesian Perspective

Unlike the neoclassical model, the Keynesian one keeps fiscal deficits in a more practical
and more realistic approach to the situation. Keynesian economists believe that deficit
spending is a useful policy tool to revive economic growth especially during recession or
when idle capacity prevails in the economy (Bernheim, 1989). Abandoning the view that
the economy is at full employment, this model appreciates the idea that underemployment
of both labour and capital is a good reason why the government should be active in order
to stop it.
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In the Keynesian perspective, such a problem can be solved by raising the aggregate
demand with the help of a multiplier due to raised government expenditure either in
consumption or investment. The increase in production, revenues, and jobs creates a
positive cycle of economic growth. Under this situation, the public borrowing behaviour
does not displace the corollary crowding out of private investment; rather, it may give way
to crowding-in of the activity in the sphere of the private sector because of uplifting the
general economic statistics and growth of expectations on profit generation.

Furthermore, according to the Keynesian absorption theory, deficit-financed expenditure
boosts local absorption, which can on its own raise imports and result in a current account
deficit. Although this might seem to be a bad thing, it may be regarded as being a benign
consequence of greater income and domestic demand but not a structural fault.

In terms of Keynesian economics, fiscal deficit is not an unacceptable condition in itself
but it has to be properly timed and proportional, and economic circumstances must be
considered. Such deficits during times of economic recession are perceived to be central to
restoring economic stability, creating job opportunities and promoting social welfare.

The Ricardian Equivalence Hypothesis

Unlike the Neo-Classical and the Keynesian schools, the Ricardian Equivalence
Hypothesis deals with the issue of fiscal deficits in a more neutral manner. This theory was
initiated by the writings of David Ricardo and refined by Robert Barro arguing that deficit
financing is essentially not relevant in its macroeconomics effects since rational people
linearly take into account the consequences of government borrowing (Bernheim, 1989).

In this sense, according to this school of thought, when a government decides to finance its
expenditure with debts as opposed to direct taxation, forward-looking consumers expect to
pay future taxes to service the debt. This leads to them putting more in personal savings in
anticipation of this eventual tax burden and thus cancels the expansionary effects of the
deficit. In summary, a given amount of extra public spending increases the level of savings
of the private sector undermining effects of the desired stimulus in the economy; hence it
does not affect aggregate demand, interest rates, private investments, and economic growth.

Such a hypothesis is based on a number of strict assumptions, among which is the existence
of rational and farsighted agents with access to the perfect capital markets who are
intergenerationally altruistic. As a matter of fact, these conditions are hardly met entirely.
Ricardian outcomes may also fail, for instance in case governments wait longer to collect
tax, than the people who are subjected to taxation live, or in case individuals are unable to
optimally adapt their savings due to liquidity constraints. In this case, real economic
variables may certainly be affected by fiscal deficits.

However, Ricardian Equivalence is adding a caveat of great importance to the debate over
fiscal policy: the success of budgetary expansion lies crucially in consumer expectations,
in access to financial markets, and in generational distribution of tax burdens. In cases
where such assumptions are true to the real world, fiscal deficits might not cause significant
effects to the macroeconomic outcomes.
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2.2. Review of Empirical Studies

Although there are theoretical discussions that point out some contending arguments about
the growth implication of fiscal deficits, the definitive verdict lies on the empirical analysis.
Many researchers have been working on how fiscal deficits and economic growth relate to
each other in different macroeconomic conditions. We will list some of the most important
empirical contributions employing ARDL, VECM, and VAR methods to give some
understanding of this complicated relationship below.

Patra and Acharya (2011) applied a VECM model with the objective of evaluating the
relationship between fiscal deficit and growth in India in 1980-2010. They verified the
long-run cointegration between the fiscal deficit and output, and the fiscal imbalance was
the negative, but significant influence to the growth. In the same vein, Mohanty and Mishra
(2016) applied the ARDL bounds testing process to review the ‘fiscal deficit-growth
nexuses in India over the 1981 to 2012 time horizon. They found considerable long-run
adverse effects of fiscal deficits of the central government on economic growth countering
the neoclassical stand on the outcomes of crowding-out efforts.

On a larger South Asian scale, Siddiqui (2017) utilised a VAR model with the Pakistani
data set running between 1970 and 2015. The paper identified a two-way causation
relationship between fiscal deficit and growth of GDP which identified that the increased
deficits had reduced growth and the decreased growth increased deficits. Similarly, Malik
and Amjad (2013) reporting the results based on the study of the Pakistani economy via
VECM also concluded that fiscal imbalances led to macroeconomic instability, which
depressed the growth potential and lowered private investment in the long run.

To turn towards the African economies, Nzotta et al. (2017) reviewed the fiscal
performance of Nigeria by employing the ARDL model during 1980-2015. The findings
illustrated a long-run negative relationship that exists between fiscal deficits and GDP, but
short-run dynamics were too weak and not statistically relevant. The research represented
the crucial role of fiscal discipline in facilitating a sustainable economic growth. Similarly,
Kumar and Jomo (2009) considered the Malaysian economy under a VECM-based model
and observed that the budget deficits caused growth in the short run but the effect on growth
in the long run was contractionary as the strands of increasing debts servicing and
crowding-out of the privately-furnished investment were proceeding.

Chude and Chude (2013) used a VECM in studying fiscal-growth interaction in the United
States in the period between 1975 and 2010. According to these results, there was a
negative correlation between deficit and growth in the long run, but short-term fiscal
expansions have slight stimulative impact as it was explained by the Keynesian
counterproposal. A study by Uddin et al. (2012) on Bangladesh found evidence that is both
mixed, in that public spending funded by moderate deficit encouraged growth, and
unsustainable deficit caused pressures on inflation as well as inefficient investment.

Gathering back to India, researchers Srinivasan and Rao (2006) has explored the
relationship between the fiscal deficit and the growth, based on quarterly data and the
structural VAR model. The paper has discovered that higher fiscal deficits deteriorated the
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fundamentals of the macroeconomics, such as inflation and external balance conditions,
thus, indirectly slowing economic growth. Kaur, Mukherjee, and Singh (2014) went further
and applied a multivariate ARDL to provide the results according to which the capital
component of fiscal expenditure was associated with more favorable effects with growth,
and revenue deficits were strongly correlated with negative growth.

Collectively, these studies reinforce the complex and often country-specific nature of the
fiscal deficit—growth relationship. The evidence suggests that the composition of fiscal
deficits, their mode of financing, and the institutional context significantly shape their
impact on macroeconomic performance. A consistent theme across studies is that while
deficits may temporarily support aggregate demand, persistent imbalances often undermine
growth prospects through inflation, interest rate hikes, and crowding-out of private
investment.

3. Methodology

This paper seeks to make an empirical study of the relationship between fiscal deficit and
economic growth in India between 1970-71 and 2021-22. In analyzing the data, the
Autoregressive Distributed Lag (ARDL) Bounds Testing methodology has been employed,
which was first proposed by Pesaran and Shin (1999) and later refined by Pesaran et al.
(2001) to explicate short-run dynamics and long-run equilibrium associations at the same
time. The model uses real growth in GDP as the dependent variable and central government
fiscal deficit as a percent of GDP as one of the independent variables, gross domestic capital
formation, broad money supply (M3), Trade openness, Consumer Price Index (as a proxy
for inflation), and the exchange rate (expressed as rupees per US dollar) as other
independent variables of the model. The other variables, besides growth rate and fiscal
deficit (which are already expressed in rates or percentages), have undergone log
transformation in order to stabilize the variance and make the estimated coefficients of
interest susceptible to interpretation in terms of elasticities. All the variables data series are
taken based on RBI Handbook of Statistics on the Indian Economy (2022 edition).

The functional relationship under investigation is specified as follows:

GDPGt = f(FDt,log(EXt) ,log(GFCFt),log(M3t),log(TradeOpent) ,log(CPIt))
GDPG:: Real GDP Growth Rate (dependent variable)

FD:: Fiscal Deficit (% of GDP)

Log(EX:): Log of Exchange Rate (INR/USD)

Log(GFCF)): Log of Gross Fixed Capital Formation

Log(M3,): Log of Broad Money Supply (M3)

Log(TradeOpen): Log of Trade Openness (Exports + Imports as % of GDP)
Log(CPIy): Log of Consumer Price Index



Assessing the macroeconomic impact of fiscal deficit in India: evidence from ARDL approach 279

The ARDL equation in the model is as follows:

AGDPGt, = ap + Y™, 8;AGDPGt,_; + X [B1AFD,_; + BoAIN(EX)_; +
ﬁ3Aln(GFCF)t_i + B4A ln(M3)t_i + BSAln(TO)t—i + ﬁ6A ln(CPI)t_i] +
¥1GDPGt;, | +V2FDi_q +y3In(EX)i_q + ¥4 In(GFCF)_q +y5In(M3),_; +

Y6 In(TO)r—y + v, In(CPI) g + ¢ (1

The ARDL equation presented captures the dynamic relationship between real gross
domestic product growth rate and selected macroeconomic indicators in India. In this model,
the dependent variable is the real gross domestic product growth rate, and the independent
variables include fiscal deficit, exchange rate, gross fixed capital formation, broad money
supply, trade openness, and consumer price index. The symbol A represents the first
difference, indicating short-run changes, while the level terms capture long-run equilibrium
relationships. The constant term (o) reflects the drift component of the model. The
coefficients P: to B~ represent the long-run effects of the corresponding independent variables
on real gross domestic product growth rate, while y; to y- capture the short-run dynamics.
The term L is the error term that accounts for random disturbances or unexplained variations
in the model. In order to examine the long-run relationship among the variables, bound testing
procedure has to be used using F-test (Pesaran, Shin, & Smith, 2001). Where, F-test will test
the null hypothesis stating that there is no co-integration among the variables. Here, the null
hypothesis and alternate hypothesis can be represented as follows:

HO: 81= 82= 83= 84= 65= 66= 0 (There is no co-integration among the variables.)
H1: 81+# 82+ 63# 84+ 65# 86+#0 (There is co-integration among the variables.)

After performing the bound test in ARDL model, Error correction mechanism is employed
using the equation as mentioned below:

AGDPGt; = ay + Xiv, 6;AGDPGt,_; + X1 [p1AFD)—; + ¢ AIn(EX),—; +
¢3AIN(GFCF)i_; + puAIn(M3),_; + psAIn(TO);_; + pgAIn(CPI);_;] + YECT,_1 +
He (2)

The ARDL Bounds Testing approach is appropriate for analyzing long-run relationships
between variables irrespective of whether the underlying series are integrated of order zero
I(0) or order one I(1), but not of order two I(2). Once a long-run relationship is confirmed,
the Error Correction Model (ECM) is applied to capture short-run dynamics. The
coefficient of the error correction term (ECM_t-1) reflects the speed of adjustment toward
long-run equilibrium and is expected to be negative and statistically significant, indicating
that short-run deviations are corrected over time.

4. Empirical analysis

The empirical part starts with the descriptive statistics of the crucial variables during the
analysis of the period 1970-2021. Table 1 shows the descriptive statistics (measures of
central tendencies, dispersion, and normality of all variables included in the model). The
mean rate of real GDP growth (GGDP) was 5.40 with the highest growth rate of 9.69 and
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the lowest growth rate of -5.7 that is very high volatility. These are observations indicated
in the high standard deviation (3.21) and the strong negative skewness (1.62) indicating
regular downside movement. This volatility is explained by a number of macroeconomic
and structural events like oil shocks in the 1970s, balance of Payments crisis in 1991,
Structural economic reforms of the 1990s, the global financial crisis of 2008-09 and the
contraction of the economy because of the COVID-19 pandemic in 2020-21.

Table 1. Descriptive Statistics

Variables Mean Median Max Min Std Dev Skewness Kurtosi Jarque- p-value
S Bera
GGDP 5.40 5.98 9.69 5.7 3.21 -1.62 6.3 44.8 0.00
FD%GDP 5.19 5.13 9.18 2.53 1.49 0.36 2.73 1.26 0.53
LNTO 2.98 3.02 3.79 2.04 0.49 0.00 1.81 2.91 0.23
LNGCDF 3.20 3.12 3.69 2.70 0.28 0.30 1.65 4.55 0.10
LNEX 3.27 3.59 4.31 2.03 0.79 -0.37 1.55 5.57 0.06
LNM3 13.45 13.53 16.83 9.61 2.23 -0.10 1.74 3.37 0.18
LNCPI 3.06 375 5.25 1.61 1.08 -0.14 1.78 3.27 0.19

Source: Author’s own calculations.

The other variables, like fiscal deficit (FD%GDP), had a mean 5.19 with a moderate
standard deviation (SD = 1.49) and a symmetrical distribution. These include the log-
transformation of trade openness (LNTO), gross capital formation (LNGCDF), exchange
rate (LNEX), broad money supply (LNM3), and consumer price index (LNCPI) have a
reasonable standard deviation and skewness value, and this shows they are stable with
regard to time. The Jarque-Bera statistics indicate that except the GGDP, most variables
are not significantly different in normality at 5 percent immediately. These outputs are a
good diagnostic before performing unit root test and cointegration test.

Unit Root Test

After conducting the diagnostic checks to ensure the validity of the model, unit root tests
were performed to examine the stationarity properties of the variables. The Augmented
Dickey-Fuller (ADF) and Phillips-Perron (P—P) tests were applied at both level and first
difference forms. The results reveal that Gross Domestic Product Growth and Fiscal Deficit
as a percentage of Gross Domestic Product are stationary at level, i.e., integrated of order
zero 1(0).

Table 2. Unit Root

Variables ADF Test P-P Test Remark
Levels 1st Difference Levels 1st Difference
GRGDP -7.51 (0.00) 5.64(0.00) -7.53(0.00)* -23.14(0.00)* 1(0)
FD%GDP -2.99 (0.04)* -6.55(0.00)* -2.24(0.04)* -7.97(0.00) 1(0)
LNTO -1.68 (0.44) -4.42(0.00)* -1.65(0.44) -5.39(0.00)* 1(1)
LNGCDF -1.16(0.68) -4.96(0.00)* -1.00(0.74) -8.42(0.00)* 1(1)
LNEX -0.89(0.78) -6.55(0.00)* -0.89(0.79) -4.99(0.00) 1(1)
LNM3 -2.83(0.06)* -8.24(0.00)* -2.75(0.07) -3.47(0.01)* 1(1)
LNCPI -2.48(0.13) -5.02(0.00)* -2.03(0.27) -4.89(0.00)* 1(1)

Source: Author’s own calculations.

However, the other variables, such as trade openness, gross domestic capital formation,
exchange rate, broad money supply, and consumer price index, are non-stationary at levels
but become stationary after first differencing, indicating they are integrated of order one
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I(1). The presence of a mix of I(0) and I(1) variables justifies the use of the Autoregressive
Distributed Lag (ARDL) Bounds Testing approach for assessing the long-run relationship
among the variables.

Lag Selection

To determine the optimal lag structure for the ARDL model, the Akaike Information
Criterion (AIC) was employed. Based on the minimum AIC value, the ARDL(2, 0, 1, 2, 0,
2, 2) model was selected, where the dependent variable—growth rate of gross domestic
product—was included with two lags, while the independent variables—fiscal deficit-to-
GDP ratio, gross capital formation, exchange rate, broad money supply, trade openness,
and consumer price index—were incorporated with their respective lag orders.

Cointegration test

Once the stationarity conditions were met, then the procedure of the ARDL bounds testing
was used to determine that there is a long-run relationship among the variables. F-statistic
results in 7.38 which is higher than the upper critical value of 3.28 at 5 % and the value of
2.94 at 10 % which is an indication of the model containing four regressors (k = 4).
Accordingly, the null hypothesis of no cointegration was rejected, and thereby indicating
the presence of a long-run equilibrium relationship between economic growth and the
chosen macroeconomic variables.

Table 3. Bound test of cointegration

Test-statistics Value Significance 1(0) 1(1)
F-statistics k 7.38 5% 2271 3.28
6 10% 1.99 2.94

Source: Author’s own calculations.
Long-run analysis

Long-run ARDL estimates are shown in table 4, which boldly support the neoclassical
growth point of view, which focuses its major centers of interest on the importance of fiscal
discipline, effective capital use, and overall sound macro fundamentals as the foundation
to steady economic growth

Table 4. Long-Run Result ARDL

Variables Coefficients Std. Error T-Stats P-Value
Constant (C) 49.1958** 19.1972 2.5625 0.0151*
FISCAL_DEFICIT_GDP -0.8598 0.2151 -3.9968 0.0004*
LNEX (Exchange Rate) -11.6103 2.5267 -4.5959 0.0002*
LNGCDF (Cap Formation) -1.5715 2.6116 -2.8986 0.0068*
LNM3 (Money Supply) 7.5255 2.0356 3.6966 0.0012*
LNTO (Trade Openness) -4.3093 1.3304 -3.2385 0.0026*
LOG_CPI (Inflation) 23.4294 5.1489 4.5504 0.0002*

Source: Author’s own calculations.

Most important, the regression coefficient of the fiscal deficit-to-GDP ratio has the negative
and significant value (-0.8598, p < 0.01), meaning that the increasing fiscal deficit is related
to the decreasing real GDP growth in the long-term perspective. This conclusion is quite
consistent with the neoclassical hypothesis that persistent government deficits can
eventually cause crowding out of private investment since growing state borrowing would
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push the interest rates to go up and possibly diminish investor confidence. In long-run
growth, fiscal imbalances can lead to less-than-optimal resource allocation by
unproductively consuming the national savings and thus crowding out other productive
activities of the private sector.

In addition, there exists a strong but negative relationship between real exchange rate
(LNEX) and GDP in the long run (-11.6103, p<0.01). Under the neoclassical model, this
outcome highlights the destabilizing effects of depreciating exchange rates lacking
accompanying increases in productivity or export competitiveness. Chronic depreciation
raises the price of imported capital goods and leads to imported inflation, which suppresses
the investment climate and discourages long-run economic development.

The gross capital formation (LNGCDF) variable is an unexpected but significant finding
with a negative long-run coefficient (-7.5715, p < 0.01). Although neoclassical models
assume that accumulation of capital is central to growth, this negative coefficient is
probably indicative of inefficiencies in investment processes in India, whether through
delays in project execution, misallocation of capital or inadequate institutional
arrangements, which may constrain the productivity of investment in the long run. This
finding therefore supports the neoclassical criticism that capital effectiveness and not
amount is what promotes long-term economic growth.

From the monetary perspective, general money supply (LNM3) has a significant positive
correlation with long-run growth (7.5255, p < 0.01), and this supports the Neoclassical
stress on the financial sector development and monetary stability. The provision of
transactions, transaction costs, and adequate liquidity that may be offered by a sound and
growing money supply may be within reach so long as the inflationary pressures are kept
within bounds.

The trade openness variable (LNTO) shows contrary results to expectations and has a
strong impact (negative) of growth in the long-run (4.3093, p < 0.01). Although
neoclassical models tend to propose open trade regimes to countries, they also warn that
openness does not lead to growth on its own but should be backed by domestic rivalry,
well-developed infrastructure, and good institutional quality. The case of India would seem
to illustrate the dangers of being subjected to global market competition too soon, not
accompanied by any investment in efficiency or innovation.

Finally, there is inflation (LOG_CPI), which indicates that there is a large positive
influence in the long run (23.4294, p < 0.01) on growth. Within the neoclassical
perspective, the same could be argued to be a sign that with moderate and predictable
inflation, growth can be achieved through reduced insurance rates in the real world and
increased consumption and investment—provided, of course, that inflation is managed to
remain at a reasonable standard and does not give rise to macroeconomic insecurity.

Short-Run Analysis

The short-run dynamics as presented in table 5, are based on the ARDL model, and these
dynamics are largely within the neoclassical expectations, being agreeable to the signifi-
cance of policy credibility in the short run and macroeconomic adjustment mechanisms.

The error correction term (ECT(-1)) is negative and very highly significant (-1.1847, p <
0.01) and shows that there is a strong process of adjustment to long-run equilibrium level.
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The size of the coefficient would mean that about 118 percent of the deviation in the
equilibrium would be reversed in one period, indicating not only a strong convergence in
values but possible overreactions in the short term. This rapid pace of adaptation fits with
the neoclassical view that markets can clear imbalance problems quite rapidly, provided
the neoclassical assumption that when left to operate efficiently, markets will adjust
through the process of rational expectations and forward-looking behaviour.

Table 5. Short-Run Result ARDL

Variable Coefficient Std. Error t-Statistic p-Value
D(FISCAL_DEFICIT) -1.0188 0.2476 -4.1126 0.0005*
D(LNEX) -15.7537 3.2790 -4.8043 0.0003*
D(LNGCDF(-1)) -8.2245 2.4608 -3.3424 0.0046*
D(LOG_CPI(-1)) 20.5711 4.6557 4.4173 0.0013*
D(LNTO) -9.6283 4.4284 -2.1742 0.0386*
D(LNM3(-1)) 27.1704 12.7992 21228 0.0431*
ECT(-1) -1.1847* 0.1638 -7.2338 0.0000*

Source: Author’s own calculations.

On the individual coefficients, the short-run coefficient of the fiscal deficit (D(FISCAL _
DEFICIT)) is negative and significant (-1.0188, p < 0.01), thereby reemphasizing that the
fiscal imbalances (fiscal deficit) have a negative effect on output even in the short term. It
could be a response to fears on taxation or sustainability in the future, and this could inhibit
investment and consumption by businesses in a precautionary behaviour.

The real exchange rate (D(LNEX)) maintains a high negative influence (-15.7537,p <0.01)
saying that the exchange rate instability or depreciation can instantly affect the trade
dynamics, raise the cost of input to the firms that depend on the imported capital goods,
and inflate the inflationary forces, all of which are hostile to growth as perceived by the
neoclassical economic perspective.

Another statistic that shows negative bond in the short-run dynamics in gross capital
formation (D(LNGCDF(-1)) = -8.2245, p < 0.01) is reported. This is in as much as it may
be reflecting the time delays and the wastefulness in the movement of investment into
productive output, what neoclassical theorists argue is rather the form and quality of
investment instead of its extent.

Interestingly, inflation (D(LOG_CPI(-1))) is an interesting finding as it shows a significant
positive short-run effect (20.5711, p < 0.01) which lends credence to the fact that for an
average level of inflation, as anticipated and predictable over time, the factor can help to
keep real wage rigidities away, promote profits, and induce activities related to production
and employment in the short run.

Also, trade openness (D(LNTO)) has negative effects in the short-run impact to output (-
9.6283, p =0.0386) and this may indicate that initial exposure to international markets may
cause volatility and job displacements in sectors before any benefits of an efficient
globalization are felt. The discovery is aligned with neoclassical warnings of transitional
costs of adjustment of liberalizing economies.

And, lastly, there is the positive and significant relationship between lagged money supply
(D(LNM3(-1))) and output (27.1704, p = 0.0431), which suggests that the provision of
liquidity may serve as a short-run stabilizer, contributing to the increased aggregate demand
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and resulting in a smoother adaptation to shocks—something Neoclassical schools focused
on the monetary discipline and financial depth.

Residuals Diagnostic Test and Stability Test

Since the long-run and short-run dynamics have been confirmed with the help of the ARDL
model, a set of residual diagnostic tests has been carried out to determine the robustness
and statistic reliability of the model. The serial correlation test conducted using the
Breusch-Godfrey LM method has a statistical test equal to 0.25 and p value equals 0.77
and is not statistically significant at any common level. It means that no autocorrelations
of the residuals occur; hence, the estimates of the model are not biased because of the serial
dependence. In the same way, the Breusch-Pagan-Godfrey test of the heteroskedasticity
showed the test statistic of 1.53 and p-value of 0.21, which proves that the variance of
residuals is not time dependent and that the assumption that the heteroskedasticity
assumption does not hold.

Table 5. Residuals Diagnostic Test

Residuals Diagnostic Test Statistics P-value
Serial Correlation test 0.25 0.77
Heteroskedasticity test 1.53 0.21
Normality test 3.57 0.16

Source: Author’s own calculations.

Moreover, Jarque-Bera test of normality gave a test statistic of 3.57 with a p-value of 0.16,
which indicates that the residuals are normally distributed. The satisfaction of this
assumption speaks even more of the efficiency of the model and the reliability of its
interpretation. Collectively, the results of the diagnostic checks serve to support the
justification of using the ARDL model and to provide a sound statistical support in favour
of this modelling approach. The presented estimate coefficients and its interpretations are
therefore robust, consistent and fit to policy inferences in the study context.

Figure 2. CUSUM Test
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—— CUSUM  —---- 5% Significance

Source: Author’s own calculations.
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The stability of the estimated ARDL model was examined using the CUSUM test, as shown
in Figure 2. The CUSUM plot remains well within the 5% significance bounds throughout
the sample period, indicating that the model is structurally stable. This suggests that the
parameters of the model do not experience significant shifts over time, thereby confirming
the robustness of the long-run and short-run estimates.

5. Conclusion

The current study explored the dynamic interrelationship between Indian fiscal deficit and
economic growth empirically through the Autoregressive Distributed Lag (ARDL) method
for 1970 to 2021. The Neoclassical school of thought was used to aid in the analysis by
focusing its attention on the significance of fiscal restraint and macroeconomic stability to
attaining long-term growth. The findings indicate that fiscal deficit in percentage GDP has
a great negative effect on real economic growth both in the short run and in the long run.
This observation conforms with the neoclassical position that as a result of sustained fiscal
imbalances, productive investments may be crowded out, and mispricing of investment
resources, distortion of resource allocation and introduction of economic inefficiencies are
paralleled over the long term.

In addition to these, there were also other leading macroeconomic variables which included
capital formation, exchange rate and inflation; which also came out as important factors of
growth. It was observed that capital formation negatively affected the long-term, and this
can potentially assume inefficiencies or misallocations in investment, and the money
supply (M3) also influenced positively implying the benefit that monetary increase has via
an increment in growth during sustained inflationary cycles. However, inflation displayed
an intense and persistent negative impact on output, and this underlines the necessity of
having price stability. The openness to trade, normally linked to growth, had a
contractionary feature under Indian circumstances, perhaps because of the imbalances in
trade or constraints in the tradable segment.

From a policy perspective, the findings underscore the importance of maintaining fiscal
discipline to foster long-term economic growth. Policymakers must ensure that fiscal
deficits are kept within sustainable limits and that public expenditures are efficiently
directed toward growth-inducing sectors. Additionally, complementary macroeconomic
policies focusing on inflation control, financial deepening, and export competitiveness are
essential to create a stable and growth-conducive environment. In this context, fiscal
consolidation strategies and institutional reforms that enhance the quality of public
spending and investment efficiency could play a pivotal role in strengthening India's
growth trajectory.
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Abstract. This study employs Rescaled Range (R/S) analysis to investigate the non-linear dynamics
and long-range dependence of returns in the Romanian capital market, specifically analyzing the
benchmark BET index from 2000 to 2024. By calculating the Hurst exponent over Fibonacci-based
subseries, the research examines the extent of persistence and non-random behavior within the
index. Additionally, the Lyapunov exponent was estimated to assess the sensitivity of the BET index
to initial conditions, providing insights into potential chaotic dynamics. The results reveal
significant long-term memory, persistent trends, and marginally chaotic behavior, indicated by a
positive yet near-zero Lyapunov exponent. These findings challenge the assumptions of weak-form
market efficiency and align with earlier studies highlighting structural and behavioral inefficiencies
in emerging financial markets. The implications are significant for investors, suggesting that trend-
following strategies might offer superior predictive capacity compared to traditional random-walk
models. For policymakers and regulators, the evidence underscores the need for enhanced market
transparency and institutional robustness to mitigate structural inefficiencies. Overall, this study
contributes to the growing literature that applies complexity science to financial markets,
emphasizing the necessity of integrating nonlinear analytical frameworks for a deeper
understanding of market dynamics in emerging economies.
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1. Introduction

Financial markets are increasingly recognized as complex adaptive system structures
composed of numerous interacting agents whose collective behavior cannot be accurately
captured by linear models. These systems display hallmark features such as nonlinearity,
emergence, feedback loops, and scale-invariance, all of which complicate traditional
modeling approaches. Historically, the study of nonlinear dynamics in finance began with
the seminal contributions of Benoit Mandelbrot in the 1960s (Mandelbrot, 1963), who
introduced fractal geometry and the concept of long-term memory into financial analyses,
fundamentally altering the conventional views of market behavior. Further developments
emerged in the 1990s when Edgar Peters formalized the Fractal Market Hypothesis (FMH)
(Peters, 1994), explicitly recognizing markets as inherently nonlinear systems displaying
persistent trends, self-similarity, and scale-invariance.

The Romanian capital market, represented by the BET index, offers a fertile ground for
examining such complexity in an emerging market context. While the Efficient Market
Hypothesis (EMH) remains a dominant paradigm in financial theory (Fama, 1970), it has
been progressively contested by interdisciplinary perspectives including chaos theory,
behavioral finance, and fractal market theory. The latter, championed by Benoit
Mandelbrot and later expanded by Edgar Peters, frames financial markets as non-linear,
multi-scale systems populated by heterogeneous agents reacting asymmetrically to new
information. Peters introduced the Fractal Market Hypothesis in the 1990s (Peters, 1994),
emphasizing that markets consist of investors with diverse time horizons and that price
movements reflect long-memory and self-similarity rather than randomness. To quantify
this memory effect, Mandelbrot adapted a method from hydrology known as Rescaled
Range (R/S) analysis, introduced by Harold Edwin Hurst (Hurst, 1956). The central
indicator, the Hurst exponent (H), distinguishes between short-term and long-term
dependence in time series data. A value of H > 0.5 indicates persistence (trending
behavior), while H < 0.5 implies anti-persistence, and H = 0.5 suggests a random walk. In
the context of the BET index, understanding whether price dynamics follow persistent
patterns or exhibit non-linear and chaotic traits can have practical implications for market
predictability and risk management. While prior studies have largely focused on developed
markets such as the S&P 500, this research investigates the Romanian BET index using
R/S analysis and additional tools such as the BDS test and Lyapunov exponents to examine
the nature of nonlinearity and local instability. Rather than assessing the entire series in
aggregate, we analyze subseries defined by Fibonacci-based windows, a method inspired
by natural proportionality and scale. This approach allows us to investigate local variations
in complexity and test for the presence of long-range dependence and non-linear structures
in different temporal scales. By employing this multifaceted analytical approach, our study
contributes significantly to the ongoing discourse regarding market efficiency in emerging
economies. It also underscores the importance of integrating advanced nonlinear analytical
frameworks to accurately capture the complexity inherent in financial market behavior,
providing valuable insights into the structural and dynamic properties of the Romanian
BET index.
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2. Literature review

The study of long-term memory, nonlinearity, and chaotic dynamics in financial markets
has evolved significantly since the introduction of the Rescaled Range (R/S) analysis by
H.E. Hurst (Hurst, 1956) in the context of hydrology. Benoit Mandelbrot later adapted this
method to financial time series, proposing the concept of fractional Brownian motion to
account for observed persistence and "fat tails" in asset returns (Benoit B. Mandelbrot,
1968). Edgar Peters (Peters, 1994) further integrated these ideas into the Fractal Market
Hypothesis (FMH), emphasizing the self-similarity and scale invariance of financial
markets. Numerous empirical studies have validated the use of the Hurst exponent as a
measure of long-range dependence on stock returns. For example, Lo (Andrew W. Lo,
1991) introduced modified R/S statistics to distinguish between short- and long-term
dependencies. Studies by Granger, and Engle (Engel & Granger, 1987), and Lee and
Robinson (Kong et al., 1996) confirmed the prevalence of long-memory behavior in
various global indices. More recently, Monte (Monte, 1994) and Vogl & Rotzel (Vogl &
Rotzel, 2022) explored low-dimensional chaos in the S&P 500, revealing a hybrid behavior
combining stochastic noise and deterministic chaos. To complement memory tests,
researchers have applied the BDS test (Brock, Dechert, Scheinkman & LeBaron, 1996) and
(Robert Savit, 1991) as a robust method for detecting nonlinearity in time series. Despite
criticisms regarding its ability to differentiate chaos from stochastic processes (Y ousefpoor,
2008), it remains a widely used nonparametric tool. Extensions such as the Grassberger-
Procaccia correlation dimension (Grassberger & Procaccia, 1983) or the Kaplan test have
further enriched nonlinear diagnostics. In parallel, Empirical Dynamic Modeling (EDM),
as discussed by Munch, Rogers, and Sugihara (Munch et al., 2023), has offered model-free
approaches especially useful in short or incomplete time series, broadening the
applicability to emerging markets. Regarding regional focus, Ozkaya & Ozkaya (Ozkaya
& Ozkaya, 2012), Dutta & Prajapati (Dutta & Prajapati, 2014), and Ozkaya (Ozkaya, 2022)
applied nonlinear and chaos theory methods to the BIST-100 (Turkey), revealing
deterministic chaos and long-range dependencies. In the Romanian context, studies by
Leonardo Badea&Armeanu (Leonardo Badea; Daniel Stefan Armeanu; Iulian Panait and
Stefan Cristian Gherghina, 2019), have explored similar dynamics, although rarely
applying tools like R/S, BDS or Lyapunov exponents. The scarcity of such studies
motivates a more detailed investigation of the BET index, especially given its role as a
benchmark for the Romanian capital market. Additionally, Lapenta & Abecasis (Lapenta
& Abecasis, 2016) and Hanias et al. (Hanias et al., 2020) showed how combining R/S
analysis, BDS tests, and Lyapunov exponent estimation can provide a comprehensive view
of the complexity embedded in financial time series. These methods uncover structures that
traditional linear models fail to capture, including nonlinear determinism, persistent
behavior, and transition regimes often associated with market crises or systemic shocks.
Although David Nawrocki (Nawrocki, 1995) questioned the existence of long-term
memory in stock indices using Mandelbrot's infinite memory theory, recent evidence
suggests otherwise—particularly in emerging markets, where institutional inefficiencies,
lower liquidity, and heterogeneous investor behavior can amplify non-randomness. This
paper contributes to this literature by applying a multi-method approach R/S analysis, BDS
test, and Lyapunov exponent to the BET index, segmented into Fibonacci-based subseries.
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The goal is to assess the market's memory, nonlinearity, and sensitivity to initial conditions,
providing insight into its structural complexity and its divergence from classical EMH
assumptions.

3. Data and methodology

This study is based on daily closing prices of the BET index, covering the period from
January 17, 2000, to January 19, 2024, yielding a total of 8,769 observations. The
logarithmic returns were computed as the first difference of the natural logarithm of the
BET price series, offering a stationary representation of the price dynamics.

3.1. Stationarity and Seasonality

Prior to nonlinearity testing, we assessed the stationarity of the return series using three

complementary tests:

=  Augmented Dickey-Fuller (ADF) test (Dickey & Fuller, 1979),

= Phillips-Perron (PP) test (Phillips&P.Perron, 1988),

= Kwiatkowski-Phillips-Schmidt-Shin (KPSS) test (Kwiatkowski D.; Phillips P.C.B.; P.
SchmidtP., 1991).

To identify potential seasonal effects, we employed ANOVA (Analysis of Variance) and
F-tests using calendar-based segmentation (monthly and yearly grouping). These analyzes
help detect recurring patterns or calendar effects, which may influence the memory or
chaotic structure of the series. However, the results indicated no significant seasonality,
reinforcing the suitability of treating the data as homogeneous over time.

3.2. BDS Test for Nonlinearity

The Brock-Dechert-Scheinkman (BDS) test was applied to the return series and its
subseries to detect nonlinear dependencies. The null hypothesis assumes that the data are
independently and identically distributed (i.i.d.). Rejection of the null (at 1%, 5%, or 10%
significance levels) implies the presence of nonlinearity or hidden structure, violating
classical linear assumptions. We used embedding dimensions m = 2 to 5, and multiple
epsilon values (0.50, 1o, 1.50) to ensure robustness of the test across scales.

3.3. Lyapunov Exponent Estimation

The calculation of Lyapunov exponents is a fundamental tool in chaos theory and is used
to measure the sensitivity of a dynamical system to initial conditions. This concept was
introduced by the Russian mathematician Aleksandr Lyapunov in the late 19th century and
is essential in determining the chaotic character of a system (Aleksandr Mikhailovich
Lyapunov, 1892). Chaotic dynamical systems are characterized by exponential dependence
on initial conditions, which means that small initial perturbations can lead to completely
different trajectories over time. This property is what makes long-term predictions in such
systems impossible if they are completely deterministic. The Lyapunov exponent measures
the exponential rate at which nearby trajectories in the reconstructed phase space diverge,
thus offering insight into the system's sensitivity to initial conditions. To assess whether
the BET dynamics display chaotic properties, we estimated the Lyapunov exponent (1)



Non-linearity and market behavior in the Romanian capital market 291

using Wolf's algorithm (Wolf et al., 1985). This method reconstructs the phase space using
time-delay embedding and evaluates the divergence of nearby trajectories. The
interpretation of A is as follows:

Formally, Lyapunov exponents are used to describe the behavior of a dynamic system
governed by a set of differential equations, as follows:

ax
F(X) = E

Where:
X is the state vector.
F(X) is the function governing the system's dynamics.

Following an initial perturbation of a point on the trajectory by an infinitesimal vector
6X(0), the direction of divergence of the system grows over time. This evolving
perturbation is described by the relation:

18X (6)|=16X (0)]e?*

Where:
[6X(0)] is the initial magnitude of the disturbance.
[0X(t)l is the magnitude of the disturbance at time

,A" is the Lyapunov exponent associated with that direction, representing the exponential
rate of divergence. Lyapunov exponents are formally defined as:

A > 0: chaos (sensitive dependence on initial conditions),

A = 0: quasi-periodicity,

A < 0: convergence and local stability.

A chaotic system exhibits at least one positive Lyapunov exponent.
3.4. Rescaled Range (R/S) Analysis and the Hurst Exponent

To investigate long-term memory, we applied Rescaled Range analysis (R/S) following the
stepsprocedure proposed by Peters (Peters, 1994). The key metric derived is the Hurst
exponent (H):

H > 0.5 indicates persistence (trend-reinforcing behavior),

H < 0.5 signals anti-persistence (mean-reverting behavior),

H = 0.5 reflects a random walk.

To analyze memory across scales, the dataset was segmented into subseries using the first
10 Fibonacci numbers, starting from 3 (i.e., 3, 5, 8, ..., 233 days). This segmentation reflects
a natural multiscale approach, allowing examination of scaling laws and temporal
heterogeneity.

The Rescaled Range (R/S) analysis is a method for detecting long-range dependence in
time series. Introduced by Hurst (1951) and popularized in finance by Mandelbrot and
Peters, it is computed as follows:

Step 1: Transform the original price series PO, P1 ..., PT N, of size M into a series of
logarithmic returns of size:
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N=M-1
Thus,
Mi+1
Mi
Step 2: Divide this period into periods of length n, such that:
Axn=N

Ni = log

Each subperiod is denoted as la with a = 1, 2..., A. Furthermore, each element of In is
denoted by Nk,a such that k=1,2,3.... n. For each Ia of length n, the average value is defined
as:

Where e, is the average value of N(i) contained in sub-period I(a) of size "n"

Step 3: The series of cumulative deviations [X (k,a)] from the mean for each sub-period
I(a), is defined as follows:

Xk,a= YK ,(Nija—ea)

Step 4: The interval is defined as the difference between the maximum and minimum of
the value X(k,a) within each sub-period I(a):

Rla = max(Xk,a) — min (Xk, a)

Where [ <k <n

Step 5: Calculate the standard deviation for each sub-period I(a) according to formula:
Step 6: Each interval, R(Ia) will be normalized by dividing by the corresponding standard
deviation (SI(a)). Then, the rescaled interval for each sub-period (Ia) is equal to:

RIa

Sla

From step 2, we have A under adjacent periods of size n, so the average R/S for length n is

defined as:

Step 7: The length n is increased to the next larger value, and (M - 1)/n is an integer value.
We use values of n that include the start and end points of the series, and steps 1 to 6 are
repeated until n = (M - 1)/2 (E. Peters, 1991). An ordinary least squares regression is
performed on log(n) as the independent variable and log(R/S)n as the dependent variable
(Peters, 1994c¢). The intercept is the estimate of log(c), constant. The slope of the equation
is the estimate of the Hurst exponent, H.

Step 8: Thus, we obtain resized average intervals (R/S)n for the corresponding sub-interval
lengths. The resized interval is then scaled as:
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where "c¢" is a finite positive constant independent is known as the rescaled range because
it has a mean of zero and is related to the local standard deviation. The Hurst exponent can
be approximated by plotting (R/S)n versus log (n) and solving for the slope using an
ordinary least squares (OLS) regression. The following equation is obtained:

logy(D)n = logy(c) + H * log,(n)

Where:

“H” is the Hurst exponent.

0.50 < H < 1.00 implies a persistent time series characterized by long memory effect.
0 <H < 0.50 signifies anti-persistent, chaotic.

H = 0.50 signifies the existence of an independent process, random movement.

In short, the Hurst exponent is calculated to assess long-term memory and self-similarity
in financial time series data, indicating the presence of trends and potential nonlinear
dynamics.

A custom Python implementation was used to perform these calculations, including
visualization of trajectories and estimation of attractor structure.

4. Empirical results
4.1. Stationarity and Seasonality

Before conducting nonlinear analyses, the stationarity was verified using three
complementary tests: Augmented Dickey-Fuller (ADF), Phillips-Perron (PP), and
Kwiatkowski-Phillips-Schmidt-Shin (KPSS). The results consistently indicated that BET
index is non stationary at conventional significance levels, confirming the suitability of the
series for subsequent modeling and memory analysis.

Table 1. Stationarity test results for the BET index

Test Statistics BET 1% 5% 10% Conclusions

ADF Statistical test 0411 -3.430 -2.860 -2.570 Non-stationary
p-value 0.9819 - - -

KPSS Statistical test (max lag=12) 10.829 0.216 0.146 0.119 Non-stationary

Phillips-Perron Test-statistics (Z(t)) -0.086 -3.430 -2.860 -2.570 Non-stationary
p-value 0.951 - - -

Source: Own calculation, using STATA 18 on daily BET data (2000-2024).

To examine the potential presence of seasonality, we applied ANOVA and F-tests based
on calendar segmentations—specifically, monthly and annual groupings. These tests
sought to uncover any regular, recurring patterns that might distort memory or chaos
detection. However, findings revealed no significant seasonal effects, allowing the
treatment of the series as time homogeneous.

Table 2. Results of seasonality tests for the BET return series

Test Statistics Value Prob > F (p-value) Conclusion
ANOVA F-test 1474 0.134 No seasonality
Testul F F (11, 8756) 1.470 0.1337 No seasonality

Source: Own calculation, using STATA 18 on daily BET data (2000-2024).
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4.2. BDS Test for Nonlinearity

The BDS (Brock-Dechert-Scheinkman (Brock, Dechert, Scheinkman & LeBaron, 1996)) test
was used to detect nonlinear dependence structures in the BET series and its subseries. The
null hypothesis of the BDS test assumes that the observations are independent and identically
distributed (i.i.d.). We applied the test across embedding dimensions to, and for multiple
values of epsilon. In all configurations, the null hypothesis was strongly rejected (p-values <
0.001), confirming the presence of nonlinearity and hidden structure. For the BET index, the
BDS statistics are significant at small values of the epsilon threshold (eps), indicating that
small-scale price fluctuations appear to exhibit nonlinear dependencies, potentially reflecting
microstructural inefficiencies. For example, at eps = 0.5sd, the BDSstat value for m = 2 is
very high (758.027), and for m = 3 it increases even more (1491.572), suggesting that the
nonlinear structures are more pronounced at larger embedding sizes.

These results imply that for small changes in the index, there is the possibility of predictive
models, which could reflect a form of small-scale market inefficiency. As the epsilon value
increases, the BDS statistics decrease (for example, for eps = 2.5sd, BDSstat is 357.781 for
m = 2 and 332.103 for m = 3), and at high levels of data they begin to behave like a random
process.

This shows that large-amplitude movements of indices follow a pattern compatible with
the random walk hypothesis.

Table 3. Results of the BDS (Brock, Dechert, Scheinkman) test for independence applied to the BET index over
the period 2000-2024

eps m BDSstat stderr z-value count
fp0.7 5248.590 2 328.966 0.001 0.000 26796751
_ 5248.590 3 354.818 0.001 0.000 26710521
0.5sd 1734.040 2 758.027 0.000 0.000 10800157
_ 1734.040 3 1491.572 0.000 0.000 10671360
1.0sd 3468.080 2 388.614 0.001 0.000 19258609
_ 3468.080 3 510.777 0.001 0.000 19152351
1.5sd 5202.110 2 329.076 0.001 0.000 26612762
_ 5202.110 3 356.294 0.001 0.000 26525101
2.0sd 6936.150 2 325.221 0.000 0.000 32206206
_ 6936.150 3 317.783 0.001 0.000 32140636
2.5sd 8670.190 2 357.781 0.000 0.000 35669203
_ 8670.190 3 332.103 0.000 0.000 35645281

Note: The test is applied to the BET series, with parameters N(0,1], n (adjusted) = 8767, sd = 3468.076;

eps — Threshold (epsilon) used to determine dependencies. This is expressed as a fraction of the standard
deviation (e.g., 0.5sd, 1.0sd, 1.5sd, etc.) and defines how close two values must be to be considered similar in
the BDS test analysis.

m — Embedding dimension. This is the area of construction of the used lags that is done in the phase space. A
higher value of m allows the identification of more complex structures in the series.

BDSstat — The value of the BDS statistic, which measures the deviation from independence and identical
distribution (i.i.d.). A high value indicates a significant deviation from independence.

stderr — The standard errors associated with the BDS statistic. These are used to estimate the precision of the test.
z-value — The value of the Z statistic associated with the BDS test. This indicates the level of deviation of the
series from the null hypothesis of independence. If the Z value is very large (positive or negative), this indicates
that the series shows a significant nonlinear dependence.

count — The number of observations for each combination of epsilon and m in the BDS test.

Source: Own calculation, using STATA 18 on daily BET data (2000-2024).
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These findings highlight the importance of nonlinear analyses for understanding market
behavior and the need to integrate more sophisticated models to detect possible dependency
structures in financial data.

4.3. Lyapunov Exponent Estimation

The largest Lyapunov exponent (A) was calculated using Wolf's algorithm (Wolf et al.,
1985), which reconstructs the phase space of the time series and measures the exponential
divergence of nearby trajectories.

The horizontal axis represents the time of observations in the BET time series, expressed
in terms of time steps. This indicates the moment at which the distance between the
trajectories is measured and reflects how these differences propagate in the evolution of the
BET index. Larger values on the X-axis correspond to longer time intervals, allowing the
analysis of the dynamic stability of the system over the long term.

The vertical axis, Y, represents the natural logarithm of the initial distance between close
trajectories. This measures how quickly two trajectories that started from very close points
separate. If the system is chaotic, this distance should grow exponentially over time, which
is reflected in a linear increase in the logarithm of the initial distance.

Figure 1. Lyapunov (Wolf) exponent for BET 2000-2024
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The plotted green points visualize the logarithmic divergence of initially proximate
trajectories, offering insight into the local instability of the system across temporal steps.
They reflect the differences in evolution between two very similar states of the system,
indicating the extent to which a small initial perturbation influences the long-term market
trajectory. Scattered dots that deviate from the main structure suggest large fluctuations in
market dynamics, signaling periods of instability or phase transitions in the structure of the
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financial market. These phenomena can be associated with macroeconomic events or
moments of financial crisis that cause sudden changes in market trends.

The yellow line represents the linear fit of the data, with a slope of approximately 0.0002.
The very close to zero value of the Lyapunov exponent for BET indicates that price
movements do not exhibit exponential sensitivity to initial conditions, which means that
the market is not evolving in a severely chaotic manner and there is no rapid separation of
trajectories. For the BET index, we found A (BET prices) = 0.0002.

4.4. Hurst Exponent via Rescaled Range (R/S) Analysis

The graph presented illustrates the analysis of the Hurst exponent for the BET index during
the period 2000-2024, using the R/S method (Rescaled Range Analysis), according to the
methodology described in the previous subchapter, with time intervals selected based on
the Fibonacci sequence.

The horizontal axis represents the logarithmic scale of the time intervals, and the vertical
axis represents the logarithmic value of the R/S ratio.

Higher values on the Y axis indicate a stronger tendency for autocorrelation in the data, i.e.
a long-term memory of the market. The graph is a log-log representation, which means that
both the X and Y axes are in logarithmic scale, allowing the visualization of a power law
relationship between temporal dependence and series variation.

The green dots indicate the values obtained for each interval, and the dashed yellow line
represents the linear regression applied to them, with the slope corresponding to the Hurst
exponent, in this case the value H=0.9831, is very close to 1, which indicates a strong long-
term dependence and persistent behavior of the market. This highlights that past trends
greatly influence future movements, and the market does not behave as a random process,
but rather as a long-term autocorrelated system.

In this analysis, the intervals used were set based on the first ten Fibonacci numbers starting
with 3 (3, 5, 8, 13, 21, 34, 55, 89, 144, 233 days), an approach that allows for an optimized
scaling of the data, avoiding possible deviations that could occur by using equidistant
intervals. The choice of these values is based on the mathematical properties of the
Fibonacci sequence that is found in natural phenomena and growth models, thus offering
an alternative way of analyzing the long-term dependencies of a financial series.

The obtained value of the Hurst exponent, approximately 0.9831, indicates a very persistent
dynamics of the analyzed time series, which means that the price movements of the BET
index tend to continue in the previous direction rather than following a random behavior.
This result suggests the presence of long-term memory structures in the market evolution
and is thus interpreted as a deviation from the efficient market hypothesis in its weak form.
The observed persistence may be due to several factors such as the behavioral inertia of
investors, institutional interventions or macroeconomic trends affecting the stock market
in the long term.

The use of Fibonacci intervals provides a complementary perspective on how different time
scales influence market behavior, allowing the identification of hidden patterns in its
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dynamics. At the same time, a Hurst exponent above the threshold of 0.5 suggests that
trend-following strategies may be relevant for this market, as there is a higher probability
that previous price movements will be followed by similar developments. In contrast, a
Hurst exponent lower than 0.5 would indicate anti-persistent behavior, typical of markets
characterized by rapid mean-reversion. The fact that all green points align closely along
the yellow line with a slope close to 1 (H = 0.9831) indicates that each time interval used
in the R/S analysis using the Fibonacci sequence exhibits high persistence.

This indicates that regardless of the size of the time window, the BET index series continues
to exhibit long-term dependence. In other words, trends observed in the past tend to persist
in the future, if we analyze market movements over different time intervals. This
conclusion is important, because not only a few periods show memory, but the entire BET
time series behaves in this way. This aspect confirms that the BET market is not a random
walk, but has a structure based on long-term autocorrelation. This analysis provides a
quantitative perspective on the predictability of BET market movements, but the
interpretation must be done with caution to see the possible influence of exogenous factors,
as well as the limitations of the R/S method.

Figure 2. Hurst analysis: log-log plot R/S, BET 2000-2024
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Source: Author, digitally generated in Python using Jupiter Notebook, 2025.

5. Conclusions

This study explored the dynamic behavior of the BET index through a comprehensive
nonlinear lens, combining statistical stationarity and seasonality testing with advanced
tools such as the BDS test, Lyapunov exponents, and Rescaled Range (R/S) analysis for
Hurst estimation.

The BDS test provided strong evidence against the null hypothesis of independent and
identically distributed observations across all tested embedding dimensions and thresholds.
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These results suggest that the Romanian capital market, as represented by the BET index,
harbors nonlinear dependencies and hidden structural patterns, particularly for smaller
movements. This implies partial inefficiency and motivates the use of nonlinear models for
better capturing market behavior.

The Lyapunov exponent analysis reinforced these findings. The value for BET prices (A =
0.0002) indicates marginal divergence consistent with weak chaotic behavior, suggesting
a system that is not strongly chaotic but exhibits local sensitivity under certain conditions.

The most compelling evidence emerged from the Rescaled Range analysis, where the Hurst
exponent was estimated at 0.9831. This remarkably high value reflects a persistent
structure, indicative of long-term memory and autocorrelation. The application of
Fibonacci-based subseries segmentation added robustness to this result, showing that
persistence holds across multiple time scales. Such behavior deviates significantly from the
assumptions of the weak form of Efficient Market Hypothesis (EMH), indicating that
historical price trends may indeed influence future movements.

These results are consistent with prior empirical literature that observed persistent and
nonlinear dynamics in emerging and transitional markets. For instance, Peters (Peters,
1994) and Mandelbrot (Benoit. B. Mandelbrot, 1997) emphasized the fractal structure and
long memory in financial series, while studies like Caporale et al. (Caporale et al., 2005)
found evidence of persistence in Latin American and Eastern European equity markets.
Moreover, recent research on the Bucharest Stock Exchange (Leonardo Badea; Daniel
Stefan Armeanu; Iulian Panait and Stefan Cristian Gherghina, 2019) highlighted similar
tendencies towards nonlinearity and inefficiency, reinforcing the view that emerging
markets are structurally distinct from mature, highly efficient ones.

However, it is essential to acknowledge the contrasting perspectives provided by studies
such as Nawrocki (Nawrocki, 1995), who questioned the existence of genuine long-term
memory in stock indices, arguing that such persistence could be a statistical artifact rather
than an intrinsic market characteristic. This divergence in view emphasizes the complexity
and ongoing debate surrounding the nature of financial market dynamics.

For market participants, especially investors and asset managers, these findings suggest
that trend-following strategies and technical analysis may be more appropriate than pure
random-walk-based models. Persistence in returns implies that market movements are not
entirely unpredictable and that informational inefficiencies may be exploited in certain time
frames. Investors might also benefit from incorporating nonlinear analytical tools, such as
fractal analysis and chaos-theory models, into their forecasting frameworks.

For policymakers and regulatory authorities, the presence of long memory and nonlinearity
highlights the need for robust market surveillance and policies that promote transparency
and liquidity. Strengthening institutional frameworks could mitigate the impact of
behavioral and structural anomalies, enhancing overall market efficiency.

Nevertheless, this study acknowledges several methodological limitations, including
sensitivity to the choice of subseries length and the initial parameters used in Lyapunov
exponent estimation. Future research could extend the current analysis by employing
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alternative nonlinear measures, such as multifractal detrended fluctuation analysis (MF-
DFA), or by exploring machine learning-based predictive models to further validate and
enhance these findings.

In summary, the Romanian stock market, as captured by the BET index, exhibits persistent
and nonlinear characteristics, with bounded predictability over time. These findings
advocate for the incorporation of nonlinear models, memory-aware trading strategies, and
fractal-based approaches in analyzing and forecasting market trends. Moreover, they
suggest that emerging markets, while less chaotic than expected, are far from fully efficient
and retain exploitable patterns valuable for both academic research and investment
practice.
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Abstract. This study investigates the macroeconomic impacts of disasters in Tiirkiye from 1999 to
2023 using ARDL and Impulse Response Functions. Findings reveal that disaster-induced economic
losses significantly reduce GDP per capita in both the short and long run. However, a rise in
disaster victims appears to stimulate growth due to reconstruction and aid flows. Capital
accumulation drives growth, while ODA has a temporary negative effect. Insurance and financial
services consistently hamper growth, suggesting weak risk-transfer mechanisms. The study
advocates strengthened financial resilience, increased recovery spending, and enhanced
international cooperation to mitigate disaster risks and promote sustainable economic stability.

Keywords: disasters, economics, ARDL, IRFs, Tiirkiye.

JEL Classification: Q54, H84, O44.



302 Erick Okoth

Introduction

In the current decade, the number of natural and anthropogenic disasters has exponentially
increased, a phenomenon attributed to the effects of climate change and human activity.
Disasters, causing physical and human capital losses and disruptions to production and
supply chains, indirectly slow economic growth. Consequently, examining these effects
can inform disaster preparedness and mitigation. Disasters, both natural and man-made,
have been a persistent threat to societies worldwide, with their frequency and intensity on
the rise in recent decades, a trend that is likely exacerbated by climate change. The
devastating impacts of disasters such as floods, earthquakes, landslides, hurricanes,
extreme heatwaves, wildfires, epidemics, and volcanic eruptions have been felt globally,
leading to significant physical, economic, and social losses (Xu et al., 2021). A disaster is
characterized as an event that exceeds local response capacities and necessitates national
or international intervention (Ocal, 2019). Such events result in significant physical,
economic, and social losses, causing substantial harm and fatalities, and severely disrupting
normal life and activities (Ocal, 2019). The severity of a disaster is typically gauged by the
extent of loss of life, injuries, infrastructural damage, and socio-economic impacts resulting
from it. (Xu et al., 2021). Globally, the statistics on disasters are staggering, with over
13,386 disasters having occurred, resulting in 3.6 million deaths, affecting 7.7 billion
individuals, and causing economic losses amounting to USD 3.3 trillion (Khan et al., 2023).
In 2023 alone, there were 399 natural disasters recorded, leading to 86,473 fatalities,
affecting 93.1 million individuals, and causing economic losses of USD 202.7 billion (EM-
DAT, 2023). These figures underscore the immense toll that disasters take on human lives,
livelihoods, and economies. In Figure 1, according to the Emergency Events Database
(EM-DAT) natural disasters can be classified into six main groups: Geophysical,
Hydrological, Meteorological, Climatological, Biological, and Extra-terrestrial. The focus
of this study is mainly on the first four subgroups, which are more common, unlike
biological or extra-terrestrial where it is difficult to define the duration of recovery after
these class of natural disaster (Frodén, 2023).

Figure 1. Classification of disasters (EM-DAT, 2014)
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Tiirkiye stands out for the severity of disasters it faces, with earthquakes being a significant
threat due to its location in a highly active seismic region (Ocal, 2019). The country has
witnessed numerous earthquakes, with devastating social, psychological, and economic
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consequences (Biiyiikoglu, Ozpolat & Ozsay, 2024). The earthquakes that struck on
February 6,2023, with magnitudes of 7.7 and 7.5 on the Richter scale, resulted in economic
losses estimated at USD 34.2 billion according to the World Bank, claiming estimated
50,783 lives and affecting approximately 9 million people. The destruction caused by these
earthquakes, including the collapse of 298,000 buildings, highlights the vulnerability of
structures and communities to such disasters (EM-DAT, 2023). The rapid urbanization
experienced by Tiirkiye over the past seven decades, leading to a significant increase in the
urban population, has further heightened the country's vulnerability to disasters. The surge
in buildings and settlements, coupled with high population density, has amplified the
potential severity of disasters, making effective disaster risk reduction and resilience-
building measures imperative (Basaran-Uysal et al., 2013; Ocal, 2019). Tiirkiye faces a
variety of natural disasters beyond earthquakes, including floods, landslides, avalanches,
rockfalls, droughts, wildfires, extreme winter conditions, and storms (Gunay et al., 2019;
Dogan, 2024).

Figure 2. Map showing disaster prevalence in Tiirkiye (AFAD, 2024)
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Figure 2 is a map showing disaster prevalence in Tiirkiye. Drought, a significant challenge
exacerbated by irregular precipitation distribution, leading to water shortages in various
regions (Aydogdu et al., 2021). The country's semi-arid climate makes it particularly
susceptible to drought, impacting agricultural production and causing severe water scarcity
(Zeybekoglu & Sahin, 2022). In 2007-2008, Tirkiye experienced severe drought
conditions, resulting in a 15.3% reduction in crop yield (Hameed et al., 2019). The effects
of drought extend beyond agriculture, influencing air quality as dry events lead to increased
particulate matter with diameter less than ten micrometers (PM10) levels, particularly in
regions like Central Anatolia and the Mediterranean (Baltaci et al., 2023). Further, floods
also pose a significant threat with varying precipitation levels across the country
contributing to the risk. The spatial distribution of annual precipitation in Tiirkiye ranges
from over 2,200 mm along the eastern coast of the Black Sea to less than 350 mm in central
Anatolia (Vazifehkhah & Kahya, 2018). This variability in precipitation levels often lead
to flash floods in certain regions, impacting infrastructure, agriculture, and livelihoods.
Landslides and avalanches are also common in Tiirkiye, especially in mountainous areas
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where heavy rainfall or snowmelt can trigger such events, posing risks to communities and
transportation networks (Akkemik et al., 2005).

Wildfires are another natural disaster that Tiirkiye frequently contends with, especially
during periods of drought and hot weather. The impact of climate change on increasing
temperatures and evapotranspiration contributes to the drying trend, creating favorable
conditions for wildfires to spread rapidly (Schrier et al., 2013). These fires not only
devastate natural habitats but also pose risks to human settlements and infrastructure,
requiring significant resources for containment and recovery efforts. Extreme winter
conditions, including heavy snowfall and blizzards, particularly affect regions in eastern
Tiirkiye, leading to disruptions in transportation and posing challenges for residents in
terms of access to essential services (Tosunoglu et al., 2018). Storms, including severe
thunderstorms and hailstorms, are also prevalent causing damage to property, agriculture,
and infrastructure. The effects of climate change on precipitation patterns can intensify
these storms, leading to increased risks of flooding and property damage. Rockfalls, often
triggered by heavy rainfall or seismic activity, pose dangers to communities living in
mountainous regions, necessitating mitigation measures to ensure public safety (Yiicedag,
2013). The combination of these natural disasters underscores the importance of
comprehensive disaster preparedness and risk reduction strategies in Tiirkiye to mitigate
the impacts on both the environment and society.

Notable natural disasters in Turkish history include the devastating 1939 Erzincan
earthquake, the severe 1999 izmit earthquake, and more recent earthquakes in Van (2011),
Elaz1g (2020) and in Hatay, Adiyaman, Kahramanmaras and Malatya (2023) (Top et al.,
2010; Giirii et al., 2023). The country has also experienced recurrent floods, such as the
2009 Istanbul and 2020 Giresun floods, and wildfires, particularly the extensive fires of
2021 in the Aegean and Mediterranean regions. Periodic droughts, notably in 2007 and
2021, have further affected agriculture and water resources. These events underscore the
frequency and diversity of natural disasters in Tiirkiye.

In line with Sustainable Development Goal 11, which aims to minimize the adverse impacts
of disasters on human lives, infrastructure, and economies while prioritizing the protection
of vulnerable populations, it is crucial to adopt a comprehensive approach to disaster risk
reduction. Strengthening disaster risk reduction frameworks, enhancing preparedness and
resilience, and fostering international cooperation are key components of achieving this
goal. Building a disaster-resilient economy requires prioritizing policies that enhance
preparedness, response, and recovery capabilities. This includes investing in resilient
infrastructure, implementing land-use planning regulations to reduce vulnerability, and
promoting insurance mechanisms to distribute the financial risks associated with disasters
(Sieg et al., 2019). Additionally, fostering community resilience through education,
training, and social support systems can enhance the capacity of individuals and
communities to cope with and recover from disasters, ultimately contributing to a more
resilient economy (Kog¢ & Thieken, 2016). Research plays a vital role in understanding the
actual effects of disasters, particularly their economic impacts, which can have far-reaching
consequences on individuals' living conditions. Specifically, since the economic effects of
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disasters also devastate and distort the living conditions of individuals, clearly examining
them is crucial in developing mitigation measures.

The economic impact of these disasters has been substantial, with escalating economic
losses observed over time (Yuryeva, 2023). Efforts have been made to improve disaster
preparedness and management in Tiirkiye, including initiatives like the Turkish Disaster
Data Bank project, which aims to document and analyze various natural disasters (Haltas
et al., 2021). Tiirkiye's history has been shaped by a series of natural disasters that have
influenced its approach to disaster resilience and management. This study, therefore, seeks
to add evidence on the effects of disasters on economies by focusing on the Turkish
economy. This study will provide crucial insights in creating a formidable and disaster
resilient economy. To achieve this this study uses GDP per capita as the dependent variable,
and as explanatory variables: total economic damage from disasters, the number of people
affected, insurance and financial services, gross fixed capital formation, and official
development assistance and financial aid, to study the influence economic stability and
recovery from disaster. Additionally, a dummy disaster variable is also used to augment
the study.

2. Literature review

Most literature agree that natural disasters affect economic growth. However, to what
extent this impact is, whether long term or short term is debatable. In this section of the
study, the focus is drawn to the theories on effects of disasters on economic growth and
recovery. Afterwards an empirical literature is discussed.

In examining the indirect economic impacts of natural disasters, theoretical models such as
input-output (I-O) and computable general equilibrium (CGE) models elucidate the causal
chains linking exogenous events to economic systems (Noy, 2009). I-O models, assuming
fixed production functions, predict sectoral disruptions and their propagation through the
economy (Lee et al., 2018). CGE models incorporate stable demand and supply functions
to forecast market equilibrium changes post-disaster (Felbermayr & Groschl, 2014). Both
models indicate generally negative economic impacts of disasters (Oliveira, 2019), yet they
often assume fixed technology and behavior, limiting their dynamic adjustment capabilities
over time (Noy, 2009).

To address these limitations, neoclassical growth theory has been employed, suggesting
lasting economic impacts only if fundamental parameters like savings or productivity
growth are permanently affected (Majid et al., 2022). Endogenous growth models further
enrich this understanding by examining how capital and productivity dynamics interact
post-disaster, highlighting potential accelerated productivity growth through reconstruction
efforts (Shabnam, 2014). These models emphasize endogenous factors like learning and
innovation in shaping post-disaster economic trajectories (Botzen et al., 2019). Regional
economic models address the critique of mainstream macroeconomic models for neglecting
geographical considerations (Bergholt & Lujala, 2012; Idroes, 2023). By incorporating
geographic information systems (GISs), catastrophe models estimate potential losses and
guide risk management strategies, despite uncertainties in modeling vulnerability
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(Yokomatsu, 2023; Wada et al., 2014). Recent integrations of agent-based models aim to
improve these estimates by considering dynamic responses to changing risks (Wada et al.,
2014). In summary, various theoretical frameworks—from 1-O and CGE models to
neoclassical and endogenous growth theories—offer valuable insights into the complex
mechanisms by which natural disasters impact economic systems. Incorporating
geographical considerations and advancing endogenous growth theories enhance these
models' sophistication, enabling more nuanced analyses of disaster impacts on
macroeconomies (Noy, 2009).

When conducting a literature review on the socioeconomic impact of disasters on economic
growth in Turkey, it is essential to include a broad array of studies that provide
comprehensive insights into this complex relationship. While focusing on Turkey,
examining research from different regions can offer valuable comparative perspectives. In
Turkey, the 1999 Kocaeli earthquake inflicted substantial financial losses, with damages
estimated at $9-13 billion (Ozdogan & Giiney, 2016). Factors such as rapid population
growth, unplanned urban development, and inadequate disaster regulations heighten risks
(Basaran-Uysal et al., 2013). Disasters impede economic performance by destroying goods
and capital, leading to prolonged negative effects on GDP (Strulik & Trimborn, 2018).
Effective disaster preparedness and resilience-building, especially in healthcare and
utilizing social capital for recovery are essential (Kogak & Serin, 2023; Ganapati, 2012).
While disasters cause economic disruptions and increased unemployment, they can also
stimulate short-term booms in certain sectors through recovery efforts and create
opportunities for economic growth (Lu & Dudensing, 2015).

To enhance economic recovery and resilience against disasters in Turkey, a multifaceted
approach is essential. This involves developing disaster plans, insurance, and information
sharing, strengthening social resilience through training and drills for healthcare
professionals, and quantitatively assessing and enhancing seismic resilience across
multiple dimensions (Taskiran & Baykal, 2019). Optimizing renewable-integrated
transmission systems and addressing environmental health risks are crucial for public
health and minimal investment recovery (Niu et al., 2023; Ahmed, 2023). Digital platforms
like e-health can improve disaster response, while building agricultural resilience to
droughts and developing city planning resilience frameworks are vital for economic
stability and sustainability (Akbasli, 2024; Bagherzadeh & Shigemitsu, 2021; Terblanche
et al., 2022). Effective governance, community engagement, and strategic interventions
enhance disaster management and economic resilience, as seen in global and local contexts
(Ningrum, 2024). Collaboration and infrastructure improvements bolster peri-urban
resilience, supporting sustainable development and minimizing economic losses (Yang et
al., 2020; Yildirim & Deniz, 2021).

Natural disasters profoundly impact individuals and communities psychologically and
socially, resulting in symptoms like depression, anxiety, and post-trauma syndrome with
long-lasting effects on well-being (Ha, 2020). In the U.S., "Chronic Disaster Syndrome"
illustrates the prolonged distress from disasters and socio-economic factors, as seen in New
Orleans post-Hurricane Katrina (Adams et al., 2009). In Surabaya, Indonesia,
psychological preparedness in coastal communities is vital for mitigating impacts from
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events like tsunamis (Palupi, 2022). Social disruptions in these areas lead to economic and
social upheaval, worsening vulnerabilities and inequalities (Bakema et al., 2018). In the
Netherlands, the link between gas extraction and earthquakes underscores the social
dimensions of human-induced disasters and the importance of community resilience in
recovery (Cvetkovi¢, 2023). Vulnerable populations, especially children and those with
pre-existing mental health conditions, face increased risks of distress and impaired
functioning (Trabsa et al., 2022). Effective governance structures and economic resilience
are critical for enhancing recovery and mitigating long-term impacts in Turkey and other
regions (Kalogiannidis et al., 2023; Bringas et al., 2022). An extension of the literature
review is in Table 1.

Table 1. Summary of empirical literature

Author Countries Period Methodology Findings

Idroes, (2023) Indonesia 1990-2021 FMOLS, DOLS, CCR, Positive long-run effect of ND and a
VECM unidirectional causality on EG.

Majid et al, (2022) ASEAN 2000-2020 Path analysis and ND negatively affect EG and increase
panel moderated unemployment. Philanthropy is
regression model significant in reducing impact of ND

Naoaj, (2023) Panel of developing 1970-2019 Panel regression Negative effect of ND on EG and

and developed agricultural growth.
countries

Tasri et al (2021) Indonesia 1990-2019 | SEM-Partial least Unemployment and poverty had
squares significant effect on ND. ND loss has

significant positive effect on income
inequality

Khan et al, (2020) Belt and Road 1990-2018 GMM, CS-ARDL, Natural disaster has negative effect on

Initiative countries Driscoll &Kraay EG and FDI.
regressions

Sahin & Yavuz Tiirkiye, Canada, 2005-2014 | ARIMA Positive effect of ND on EG in Tiirkiye

(2015) Chile & Greece

llham et al, (2023) | 30 Indonesian 2013-2019 Partial Least Squares ND significantly reduce EG,

provinces insignificantly increase poverty and
significant increase in unemployment

Benali & Saidi, 41 countries 1990-2014 | Granger causality, ND negatively and unidirectionally

(2017) VECM cause EG.

Biiylkoglu et al, Turkiye 2023 Cross-quantilogram BIST100 index and BIST sustainability

(2024) method index were negatively affected by the

2023 earthquake

Noy & Vu (2010) Vietnam 1953-2008 | Blundell-Bond GMM ND boosts EG in the short run

Sekyere et al, SADC countries 2005-2019 Panel data analysis ND negatively affect EG but

(2021) reconstruction and recovery efforts if

well structured have positive effect on
EG a year post-disaster

Bringas et al, Philippines 1990-2019 | ARDL ND and foreign aid negatively affect

(2022) EG in the short run: FDI have a positive

effect in the long run.

Panwar & Sen Panel of 102 19852015 | GMM ND have diverse effects on economic

(2019) countries sectors depending on type and

intensity.

Rajapaksa et al, Panel of 108 1990-2014 Fixed effects panel Non-linear U-shaped relation exists

(2017) countries regressions between ND and natural capital

Note: The notations ND signifies natural disaster, EG- economic growth and FDI-Foreign direct investment.

Existing literature has mainly studied the effect of disasters on economic growth using
disaster variables alone. The effects show mixed findings with some asserting a positive
effect of disaster supporting the Schumpeterian Growth Theory, while others have found a
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negative effect of disasters on economic growth. This study attempts to further the literature
on disaster by exploring the impact of economic damage from disasters, the number of
affected people, gross capital accumulation, net official development assistance, insurance
and financial services and disaster on economic growth.

3. Data and model
3.1. Data

The study focuses on the impact of disaster on Tiirkiye’s economy. In this context, the
selected variables for analyzing the economic impacts of disasters on GDP per capita
encompass a comprehensive array of factors that significantly influence economic stability
and post-disaster recovery. Economic loss from disasters serves as a critical indicator,
reflecting the immediate financial ramifications of such events (Yangdol & Sarma, 2019).
The number of individuals affected by disasters is essential as it captures the human toll
and potential disruptions to labor markets and productivity (Messeri et al., 2015). Capital
accumulation plays a pivotal role in post-disaster recovery; investments in rebuilding and
infrastructure development can stimulate economic growth (Kaur et al., 2020).
Additionally, net official development assistance provides crucial financial support for
recovery efforts, aiding in the restoration of economic stability (Popoola et al., 2022).
Insurance and financial services are vital in alleviating the financial burden on individuals
and businesses post-disaster, facilitating a smoother recovery process (Permani & Xu,
2022). Finally, the inclusion of disaster dummy variables enables the identification of the
specific impacts of disasters on GDP per capita, facilitating a focused analysis of post-
disaster economic performance (Naoaj, 2023). The period 1999-2023 is selected to focus
on a wide range of disasters that has faced the countries over the period. Further details on
the variables used are available in Table 2.

Table 2. Variable description

Variable Abbreviation Measurement Source

Economic growth GDP GDP per capita World Bank

Number of people affected AFFECTED Total number of people affected EM-DAT

Insurance and financial services INSFINANCE Insurance and financial services (% of World Bank
commercial service imports)

Gross fixed capital accumulation CAPITAL Percent GDP World Bank

Net development assistance and ODA Current US dollars World Bank

aid received

Economic losses from disaster ECONLOSS US dollars EM-DAT

Disaster Dummydisaster Dummy 0 and 1 representing absence and Author
occurrence of disaster respectively compilation

3.2. Model

To assess the effects of natural disasters on economic stability and recovery, econometric
tools such as Autoregressive Distributed Lag (ARDL) models and Impulse Response
Functions (IRFs) are frequently utilized. ARDL models are particularly adept at capturing
both short-term and long-term dynamics within variable relationships, enabling a
comprehensive examination of factors such as economic damage, affected populations,
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capital accumulation, net official development assistance, insurance and financial services,
and disaster dummy variables on GDP per capita (Bringas et al., 2022; Abbas, 2020).

Moreover, the application of IRFs provides valuable insights into the temporal effects of
disaster shocks on the variables. This understanding is essential for policymakers aiming to
bolster economic resilience and recovery in the aftermath of disasters (Kirigia et al., 2004).

The ARDL model applied is as in Equation 1 below
Yi=a+ 2?21 a;Ye-i + Z?:o bixi_1 + e (D

Where Y; represents the dependent variable, which is GDP per capita, while X; denotes the
independent variables. The constant term for the equation is a, and p and q indicate the lags
of Y and X respectively. The coefficients of the dependent variable are denoted by a;, and
those of the independent variables are represented by b;. Finally, e; signifies the error term
in the equation.

4. Methodology and empirical results
4.1 Methodology

The study employs a four-stage analysis strategy Figure 3, first diagnostics, stationarity and
cointegration is tested. In the second stage ARDL is conducted, then an ARDL bounds test
is conducted, finally in the last stage IRFs are evaluated.

Figure 3. Analysis strategy

. . ARDL
Diagnostics Regression

For diagnostics, the study tests for stationarity by employing the Augmented Dickey Fuller
test (Table 3), all variables are found to be stationary at first difference except logODA.

Table 3. Stationarity test

Variables Level First difference

Statistic P-value Statistic P-value
LogGDP 0.52271 0.9839 -3.160808 0.0359
LogECONLOSS -4.319792 0.0026 -6.582177 0.0000
LogAFFECTED -3.086656 0.0412 -6.694101 0.0000
LogINSFINANCE -2.063668 0.2699 -4.586203 0.0023
LogCAPITAL -1.72991 0.4049 -5.145009 0.0003
LogODA -0.640083 0.8435 -2.596252 0.1090
Dummydisaster -0.821937 0.3458 -5.724309 0.0002
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The study then conducts the Johansen test (Table 4) and finds evidence for the presence of
at least four cointegrating equations.

Table 4. Cointegration test

Johansen tests for Cointegration
Trend: Constant. Sample: 2001-2023 Number of obs=23: Lags=2
Maximum rank parms LL eigenvalue Trace statistic 5% critical value

0 42 -101.778 . 151.7320 94.15

1 53 -77.745 0.87630 103.6651 68.52

2 62 -57.698 0.82504 63.5721 47.21

3 69 -42.753 0.72737 33.6808 39.68

4 74 -32.674 0.58373 13.5229* 15.41

5 77 -26.111 0.43487 0.3968 3.76

6 78 -25.912 0.01711

4.2. Empirical Results
4.1. ARDL Regression

In the second stage, the ARDL model is run shown in Table 5. The error correction term
(ECT) coefficient of -0.114727, which is statistically significant (p-value 0.0272), indicates
a moderate adjustment speed, with approximately 11.47% of the disequilibrium from the
previous period being corrected in the current period. Implying that the system goes back
to long-run equilibrium after short-term deviations.

In both the short and long run, economic losses due to disasters exert a negative influence
on economic growth, suggesting a consistently detrimental effect on GDP. Conversely, the
number of individuals affected by disasters positively influences GDP in both time frames.
This counterintuitive outcome can be attributed to the surge in economic activities
associated with recovery and reconstruction efforts. When large numbers of people are
affected, there is a substantial increase in demand for goods, services, and labor, which can
stimulate various sectors of the economy. Additionally, international aid and government
spending often rise significantly to address the immediate needs and to rebuild
infrastructure, further boosting economic activity. Capital accumulation exhibits positive
impacts in both the short and long term, emphasizing its crucial role in promoting economic
growth and driving long-term economic performance. Official development assistance and
aid shows a negative effect in the short run at 10% significance but a beneficial insignificant
effect on GDP in long run. However, insurance and financial services consistently
demonstrates a significant negative effect on economic performance, highlighting its
adverse impact in both the short and long run. Finally, occurrence of disasters increases
economic growth in the short and long run potentially due to heightened recovery activities
and international aid inflows, which could stimulate substantial economic activities related
to rebuilding and recovery even in the long term. This suggests that despite the perceived
negative impacts, the subsequent economic responses and investments can generate a
positive growth trajectory.
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Table 5. ARDL Results

SHORT RUN
Variable Coefficient Std. Error t-Statistic p-value
LOGGDP (-1) -0.1147 0.0465 -2.4667 0.0272
LOGECONLOSS -0.0228 0.0108 -2.1188 0.0525
LOGAFFECTED 0.0006 0.0032 0.1835 0.8571
LOGINSFINANCE -0.1052 0.0385 -2.7360 0.0161
LOGCAPITAL 0.6286 0.1078 5.8285 0.0000
LOGODA -0.0057 0.0029 -1.9670 0.0693
DUMMYDISASTER 0.3199 0.1430 2.2371 0.0421

LONG RUN
Variable Coefficient Std. Error t-Statistic p-value
LOGECONLOSS -0.1990 0.0925 -2.1519 0.0493
LOGAFFECTED 0.0052 0.0275 0.1883 0.8534
LOGINSFINANCE -0.9172 0.3410 -2.6900 0.0176
LOGCAPITAL 3.3453 0.7676 4.3580 0.0007
LOGODA 0.0761 0.0994 0.7658 0.4565
DUMMYDISASTER 2.7887 1.192806 2.3380 0.0348

A graphical summary of the results is illustrated in figure below

Figure 4. Graphical abstract

Total economic

damage from
disasters (-)

Dummy disaster
variable (+)

The number of
people affected
by disaster (+)

Insurance and
financial services

()

Economic Growth

Official
development
assistance and
financial aid (+/-)

Gross fixed

capital formation

(+)

In the third stage, the ARDL Bounds Test whose null hypothesis is no levels relationship,
is run (Table 6). The F-bounds test yiclded an F-statistic of 10.05498, which is significantly
higher than the upper critical value of 4.05 at the 1% significance level. This robust result
leads to the rejection of the null hypothesis of no co-integration, providing strong evidence
of a long-run equilibrium relationship among the variables. On the other hand, the t-bounds
test produced a t-statistic of -2.466696, which falls between the bounds at all conventional
significance levels, rendering the test inconclusive. Although the t-bounds test does not
provide definitive evidence for rejecting the null hypothesis, the substantial evidence from
the F-bounds test strongly suggests the presence of levels relationship.
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Table 6. Bounds Test
F-Bounds Test Null Hypothesis: No levels relationship

Test Statistic Value Significance level 1(0) 1(1)
Asymptotic: n=1000

F-statistic 10.055 0.100 1.750 2.870

k 6 0.050 2.040 3.240
0.025 2.320 3.590
0.010 2.660 4.050

t-Bounds Test Null Hypothesis: No levels relationship

Test Statistic Value Significance level 1(0) 1(1)

t-statistic -2.467 0.100 -1.620 -3.700
0.050 -1.950 -4.040
0.025 -2.240 -4.340
0.010 -2.580 -4.670

4.2. Impulse Response Functions

The Impulse Response Functions (IRFs) presented in Figure 5, illustrate the dynamic
responses of the variables to a Cholesky one standard deviation disaster shocks. Figure 1A
and Figure 2A in the appendix section illustrate the Cholesky variance decomposition and
tabulated impulse response functions respectively. Due to non-stationarity of the logODA
variable, it is not included in the VAR that generates the impulse functions as its necessary
for considered variables to be stationary as first difference.

Following a disaster, GDP experiences an immediate negative impact of approximately
0.4%, but shows resilience, recovering to near steady-state levels within 2-3 years,
potentially due to increased economic activities related to disaster recovery and
reconstruction efforts. However, the positive impact diminishes over time, and the response
gradually trends towards zero, suggesting that the initial boost may not be sustained in the
long run. The confidence intervals widen over time, reflecting increasing uncertainty in the
long-term impact. The number of people affected peaks sharply at about 0.2 units above
the steady state, indicating a prolonged recovery period for impacted populations. This
positive response stabilizes over time, indicating that the initial impact on the affected
population is substantial and persistent. The relatively stable confidence intervals suggest
a consistent long-term effect of disasters on the number of affected individuals. Economic
losses exhibit a delayed peak, reaching maximum levels 1-2 years post-shock, suggesting
that the full economic impact may take time to materialize. The response is initially
negative, as expected, given that disasters typically lead to economic losses. Over time, the
negative impact persists but shows signs of stabilization. The widening confidence
intervals indicate uncertainty in the magnitude of the long-term effects, though the negative
trend underscores the enduring adverse impact of disasters on economic losses.

The insurance and finance sector displays initial delay in the impact of disaster but after
period two a negative impact set in indicating that disasters can lead to financial instability.
Over time, the negative impact persists, reflecting the long-lasting adverse effects of
disasters on financial stability. The confidence intervals widen over time, indicating
uncertainty in the magnitude of the long-term impact, though the persistent negative trend
underscores the enduring adverse effects. Capital accumulation declines gradually after a
disaster. Over time, the positive impact persists, suggesting that disasters may lead to
sustained increases in capital formation as economies rebuild. The confidence intervals,
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while widening slightly, remain relatively narrow, indicating a degree of certainty in the
long-term positive impact on capital accumulation. While GDP recovers relatively quickly,
the prolonged effects on affected populations, economic losses, and capital accumulation
highlight the extended costs of disasters. This underscores the need for comprehensive
disaster management strategies, innovative financial mechanisms, and flexible policy
responses to support recovery. The slow recovery of capital accumulation presents
challenges for long-term economic growth in disaster-prone areas. Additionally, the
persistent impact on the affected population emphasizes the importance of robust social
safety nets and long-term support systems. Overall, assessments of disaster impacts should
account for both immediate and long-term consequences across various economic and
social dimensions.

Figure 5. [RF’s of disaster innovations

Response to Cholesky One S.D. (d.f. adjusted) Innovations
+2analyticasymptoticS.E.s

Response of LOGGDP to DUMMYDISASTER Innovation Response of LOGAFFECTED to DUMMYDISASTER Innovation

Response of LOGECONLOSS to DUMMYDISASTER Innovation Response of LOGINSFINANCE to DUMMYDISASTER Innovation
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5. Conclusions and Recommendations
5.1. Conclusions

This study’s application of the ARDL model and Impulse Response Functions (IRFs)
provides critical insights into Tiirkiye’s economic resilience to natural disasters from 1999
to 2023. The findings reveal that economic losses from disasters consistently harm GDP in
both the short and long run. The number of individuals affected by disasters has a positive
influence on growth attributed to increased recovery activities, which drive demand for
goods, services, and labor and stimulate various economic sectors. Additionally,
international aid and government spending rise in response to disasters, further boosting
economic activity and demonstrating how disasters can lead to short-term economic growth
through recovery efforts. Further, capital accumulation and Official development
assistance and aid shows a negative effect in the short run but a beneficial insignificant
effect on GDP in long run. Conversely, financial instability consistently has a negative
effect on economic performance, emphasizing the need for stable financial systems in
disaster management. Overall, the results underscore the complex relationship between
disasters, economic variables, and growth. This complexity necessitates a nuanced
approach to policy and management in Tiirkiye, focusing on strengthening financial
systems, optimizing public expenditure, and enhancing international cooperation to bolster
economic resilience. The findings provide a foundation for policymakers to develop
evidence-based strategies aimed at mitigating the adverse effects of natural and
anthropogenic disasters on Tiirkiye’s economy. This study advances the disaster economics
literature by elucidating how macroeconomic variables mediate the impacts of disasters
and offers a robust framework for future research and policy development.

5.2. Recommendations on Policy

Based on the finding of this study, several recommendations can be proposed to enhance
disaster resilience in the Turkish economy. It is crucial to recognize the dual impact of
disasters on economic growth and the population. Given that economic losses exert a
consistently detrimental effect on GDP in both the short and long run, proactive measures
should be implemented to mitigate these losses through robust disaster preparedness and
risk management strategies. The positive influence of the number of individuals affected
by disasters on GDP, driven by recovery and reconstruction efforts, suggests the need for
streamlined and efficient post-disaster response mechanisms to harness this potential
economic stimulus. Increasing demand for goods, services, and labor during recovery
phases highlights the importance of maintaining flexible labor markets and ensuring the
availability of essential resources. The influx of international aid and government spending
to rebuild infrastructure should be optimized by establishing transparent and efficient
allocation systems. Capital accumulation's positive impact underlines the necessity for
sustained investments in infrastructure and productive assets, reinforcing the role of long-
term economic planning in disaster resilience. While official development assistance shows
a short-term negative effect on GDP, its long-term potential underscores the importance of
aligning such aid with national development goals. The adverse impact of insurance and
financial services necessitates the development of innovative financial instruments and
insurance schemes tailored to the Turkish context to enhance financial stability post-
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disaster. The dynamic responses illustrated by Impulse Response Functions (IRFs) indicate
the need for policies that support quick GDP recovery while addressing the persistent
negative impacts on affected populations and economic stability. Comprehensive disaster
management strategies should incorporate long-term support systems, social safety nets,
and flexible policy responses to sustain recovery efforts. By focusing on both immediate
recovery and long-term resilience, Turkey can better navigate the economic and social
challenges posed by disasters, ultimately fostering a more resilient economy. These
recommendations would enhance Tiirkiye’s trajectory From Adversity to Triumph.

5.3. Recommendations for Further Studies

This study faces limitations, the focus on Tiirkiye, which may affect generalizability.
Future research should address these limitations by including comparative analyses across
different countries or regions, investigating sector-specific disaster impacts, and employing
advanced econometric and machine learning techniques for better impact assessments.
Longitudinal studies tracking recovery trajectories can deepen understanding of resilience
factors, while interdisciplinary approaches that incorporate insights from various fields can
provide a more comprehensive view of disaster impacts and resilience strategies.
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Figure 1A. Cholesky variance decomposition

Variance Decomposition of LOGGDP:

Period SE. LOGGDP  LOGAFFE.. LOGECON.. LOGINSFI.. LOGCAPITAL DUMMYDI...
1 0.070761 100.0000 0.000000 0.000000 0.000000 0.000000 0.000000
2 0.110900 96.48879 2.519530 0.257808 0.036406 0.133247 0.564216
3 0.150998 95.46315 2.990284 0.923896 0.120701 0.193148 0.308823
4 0.192079 94.18918 2.968431 1.258914 0.109607 0.826229 0.647636
5 0.236850 90.94875 1.952678 2412195 0.127377 1.745901 2.813097
6 0.273736 89.96541 1.830655 2.155804 0.195701 1.924389 3.928039
7 0.307672 89.73983 2.271575 1.937787 0.326408 1.738970 3.985428
8 0.334488 90.66558 2.242115 1.654158 0.587798 1472688 3.377660
9 0.360651 91.39245 1.947535 1.456740 0.693428 1.290560 3.219284
10 0.389703 91.48202 2222924 1.368116 0.614334 1.105370 3.207234

Variance Decomposition of LOGAFFECTED:

Period S.E. LOGGDP  LOGAFFE.. LOGECON.. LOGINSFI.. LOGCAPITAL DUMMYDI...
1 2.183241 1.161044 98.83896 0.000000 0.000000 0.000000 0.000000
2 5.262918 2.484096 27.58513 9.793122 16.75162 10.25505 33.13098
3 6.228404 7.830405 19.74133 20.26817 20.17381 8.055002 23.93129
4 8.445867 5.963829 30.10447 20.68966 12.85387 5.755166 24.63302
5 10.11429 9.521555 21.06197 28.01114 13.71194 6.274726 21.41867
6 10.36187 9.105165 20.20122 29.46576 13.44256 6.544114 21.24118
7 11.34404 10.07029 19.40572 27.65787 11.36461 6.493723 25.00779
8 11.89676 9.214741 24.34394 25.67077 10.78036 5.929041 24.06115
9 12.25923 8.737610 23.42295 25.36208 11.82242 6.806817 23.84812
10 12.45147 8.501743 22.93413 24.63712 11.49636 7.182287 25.24835

Variance Decomposition of LOGECONLOSS:

Period S.E. LOGGDP  LOGAFFE... LOGECON... LOGINSFI... LOGCAPITAL DUMMYDI...
1 5.626466 3.713394 20.41941 75.86720 0.000000 0.000000 0.000000
2 7.029672 2.380488 16.41853 48.63295 10.65635 13.79288 8.118806
3 8.656379 9.323358 22.87665 41.90426 10.19389 9.976535 5.725301
4 12.80023 6.252268 27.49203 34.52336 8.835903 6.463051 16.43338
5 15.87221 7.566598 18.18139 41.40506 12.21826 5.967074 14.66162
6 17.09010 7.653188 17.39587 43.63553 12.64851 5.205790 13.46112
7 18.66265 8.760144 15.48086 42.27309 11.88000 5.507302 16.09861
8 19.06237 8.600004 16.59021 41.96651 11.75236 5.292465 15.79845
9 19.17529 8.503306 16.71774 41.48376 1215177 5.513388 15.63003
10 19.32226 8.374979 17.71558 40.85648 12.01205 5.485318 15.55559

Variance Decomposition of LOGINSFINANCE:

Period S.E. LOGGDP  LOGAFFE... LOGECON... LOGINSFI... LOGCAPITAL DUMMYDLI...
1 0.100440 10.27680 2499121 7.473007 57.25899 0.000000 0.000000
2 0.127025 21.07258 30.78710 5.073889 36.53384 6.371617 0.160963
3 0.154501 20.48740 22.73857 6.162646 28.26293 8.082467 14.26598
4 0.169160 18.70919 19.21773 5.873277 23.65698 9.509953 23.03287
5 0.211720 14.08419 24.36122 9.850483 15.27108 7.049421 29.38361
6 0.228936 12.04824 27.30688 12.68617 16.30556 6.522352 25.13080
7 0.234881 11.64132 26.52572 12.29430 15.76699 7.587273 26.18440
8 0.250565 10.24599 2457835 11.16280 13.89891 8.651879 31.46207
9 0.275428 8.731554 29.87687 9.256928 11.52394 7.718024 32.89269
10 0.294416 10.40107 31.20167 9.886339 12.09859 7.616999 28.79532

Variance Decomposition of LOGCAPITAL:

Period S.E. LOGGDP  LOGAFFE.. LOGECON.. LOGINSFI.. LOGCAPITAL DUMMYDI...
1 0.110359 74.37642 5.385444 7.788587 7.115105 5.334439 0.000000
2 0.135026 76.79287 3.603614 8.423052 4.883764 5207774 1.088926
3 0.143633 78.78442 3.484357 7.497740 4617853 4603523 1.012106
4 0.151221 78.17802 4.124729 8.023424 4.238904 4.373832 1.061092
5 0.166453 73.13096 3.831756 8.896370 3.759832 5.805848 4.575236
6 0.171206 71.90230 4.050644 8.477836 3.879040 5.861030 5.829150
7 0.179258 68.90154 7.146258 8.205382 3.610229 5.410035 6.726557
8 0.184150 66.15416 7.394379 9.140463 4.555911 5.588880 7.166208
9 0.188417 64.83943 7.200155 8.733009 4.410254 5.863109 8.954047
10 0.195086 61.88098 8.856564 8.153488 4.115267 5701183 11.29252

Cholesky One S.D. (d f. adjusted)
Choleskyordering: LOGGDP LOGAFFECTED LOGECONLOSS LOGINSFINANCE LOGCAPITAL

DUMMYDISASTER
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Figure 2A. Tabulated impulse response functions

Period LOGGDP  LOGAFFE.. LOGECON... LOGINSFI... LOGCAPITAL
1 0.000000 0.000000 0.000000 0.000000 0.000000
(0.00000) (0.00000) (0.00000) (0.00000) (0.00000)
2 -0.008330 3.029310 2.003001 0.005096  -0.014090
(0.01849) (0.74375) (1.50016) (0.02619) (0.02885)
3 -0.001010 0.327029  -0.527372  -0.058133  -0.003204
(0.02616) (1.46630) (2.04873) (0.03433) (0.03396)
4 0.012982 2.878840 4757655  -0.056440 0.005818
(0.04178) (2.08886) (2.87564) (0.04478) (0.04114)
5 0.036594  -2.083182  -3.164046  -0.081120 0.032016
(0.04650) (3.54944) (4.62034) (0.05041) (0.04170)
6 0.036949  -0.946191 1.542559 0.000296 0.020999
(0.05328) (4.90895) (6.68738) (0.07821) (0.04556)
7 0.028798  -3.061949  -4.093222 0.035696 0.021281
(0.06160) (5.09308) (8.12130) (0.08484) (0.05856)
8 0.002513  -1.368428  -1.156239 0.072850  -0.016391
(0.06449) (6.63558) (10.4240) (0.08110) (0.04913)
9 -0.020206 1.336630 0.250754 0.072110  -0.027361
(0.06236) (6.00799) (10.8005) (0.11577) (0.05183)
10 -0.026144 1.817639 0.778758  -0.002712  -0.033451
(0.05574) (5.21992) (9.85427) (0.11684) (0.05341)

Cholesky One S.D. (d.f. adjusted)
Cholesky ordering: LOGGDP LOGAFFECTED LOGECONLOSS LOGINSFINANCE

LOGCAPITAL DUMMYDISASTER
Standard errors: Analytic
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Abstract. Regardless of the underlying factual accuracy, large language models (LLMs) are tuned
to generate text outputs that are confident and coherent. This design feature can cause a
phenomenon known as confidence inflation, during which the consistent delivery of high-certainty
responses alters human epistemic calibration. Repeated exposure to confidently presented but
occasionally inaccurate information over time can weaken the brain's ability to critically evaluate
information, shift the weighting of certainty cues over evidentiary substance, and reduce scepticism.
This study explores the mechanisms through which confidence inflation arises, drawing on cognitive
psychology and neuroeconomics. These mechanisms include heuristic reliance on fluency,
reinforcement of implicit trust, and diminished error detection. It additionally examines the
downstream cognitive, behavioural, and societal consequences, which include belief entrenchment,
reduced source discrimination, and collective epistemic drift. To maintain epistemic caution in the
face of increasingly authoritative Al-generated communication, the analysis ends by describing
mitigation strategies, which range from targeted scepticism training to calibrated confidence
signalling in Al interfaces.
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1. Introduction

The incorporation of large language models (LLMs) into everyday information
environments has created a new dynamic in human-machine interaction: responses are
delivered with unwavering confidence, even when the underlying accuracy is unknown.
While confidence in communication can improve clarity and decisiveness, it also serves as
a persuasive cue in epistemic contexts, one that human cognition has been shown to
prioritize over evidentiary quality. This creates conditions for confidence inflation, a
process in which repeated exposure to confidently stated but variablely accurate Al outputs
raises trust thresholds for such systems while eroding the instinct to verify information.

Epistemic caution, which represents the cognitive habit of maintaining proportional
scepticism until evidence is evaluated and assessed, protects against premature belief
adoption. When confidence inflation takes place this safeguard weakens, generating
changes not only in individual reasoning processes but also in collective information
norms. As Al-generated content becomes more integrated into education, professional
decision-making, and public discourse, the balance between information delivery
efficiency and critical evaluation becomes increasingly important.

This paper investigates confidence inflation as a multi-layered phenomenon, first defining
its cognitive and neuroeconomic foundations, then mapping the mechanisms by which
LLM outputs influence human trust calibration, and finally considering the broader societal
implications. Our objective is to identify both the risks of confidence inflation and the
design or educational interventions that can mitigate its effects.

2. Background and conceptual framework

Empirical studies show that large language models (LLMs) have systematic
overconfidence in their outputs, with probability estimates of correctness frequently
exceeding actual accuracy by 20% to 60% (Sun et al., 2025). This miscalibration is most
noticeable for low-confidence items, where models not only overestimate correctness but
also fail to adjust confidence in the face of prior errors (Steyvers, 2025).

Iterative reasoning techniques like chain-of-thought prompting have been proposed to
improve accuracy; however, if calibration is not explicitly incorporated into model training,
these approaches can exacerbate overconfidence (Huang et al., 2025). Chhikara (2025)
shows that confidence miscalibration persists across datasets, domains, and model
architectures, implying that it is a structural feature of current LLM design rather than an
isolated artefact.
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Iterative reasoning techniques like chain-of-thought prompting have been proposed to
improve accuracy, however, if calibration is not explicitly incorporated into model training,
these approaches can exacerbate overconfidence (Huang et al., 2025). Chhikara (2025)
shows that confidence miscalibration persists across datasets, domains, and model
architectures, implying that it is a structural feature of current LLM design rather than an
isolated artefact.

Several calibration interventions have been evaluated, including Answer-Free Confidence
Estimation (AFCE), which separates the process of generating confidence estimates from
content generation (Zhang et al., 2025). Other approaches involve using auxiliary
"confidence models" like the Thermometer framework to detect potentially overconfident
errors in real time (Lee et al., 2024). While these methods can reduce calibration errors in
specific domains, they have yet to show consistent generalizability across tasks and content

types.

The fluency heuristic is related to the tendency to evaluate the truth or reliability of
information based on the ease with which it can be processed, rather than on evidentiary
strength (Hertwig et al., 2008). This effect has been demonstrated in numerous
experimental paradigms, demonstrating that perceptual or cognitive fluency, such as clear
formatting, coherent syntax, or familiarity, can increase perceived accuracy even when the
content is factually incorrect (Jacoby and Dallas, 1981; Reber and Schwarz, 1999).

Neurocognitive research has linked fluency-based judgments to specific brain activation
patterns. Volz et al. (2008) discovered that perceptual fluency engages regions associated
with subjective feelings of rightness, which may reinforce confidence regardless of factual
accuracy. In the context of LLMs, the consistent delivery of syntactically coherent and
semantically fluent responses may lead users to overestimate truthfulness, reducing the
likelihood of critical evaluation.

Authority bias is the cognitive tendency to assign more credibility to information presented
by authoritative sources, regardless of the objective quality of the evidence (Milgram, 1974;
Metzger and Flanagin, 2013). While the bias was initially studied in the context of human
authority figures, it now extends to machine-generated content, especially when it is
presented with markers of expertise such as precise language, confident tone, and structured
argumentation (Logg et al., 2019).

Recent studies have shown that exposure to confident Al-generated statements increases
both short-term and long-term belief adoption, even when participants are informed that
the content may be incorrect (Zhang and Daumé, 2023). Furthermore, bias acquisition from
Al outputs can persist after interaction has ended, indicating that the effects are not only
transient (Wang et al., 2024). The perceived authority of LLM outputs is enhanced by their
consistent stylistic coherence, which can mimic the communication patterns of subject-
matter experts, thereby increasing trust.
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3. Cultural Consequences

Confidence inflation results from the interaction of LLM outputs’' communicative
characteristics and the established heuristics that humans use to evaluate reliability. One of
the primary mechanisms underlying this process is the reliance on confidence cues in
situations where direct verification of factual accuracy is exceedingly costly, impractical,
or impossible. According to psychological research, individuals frequently deduce
truthfulness from peripheral features such as tone, decisiveness, and syntactic fluency,
especially when under cognitive load or informational ambiguity (Chaiken, 1980; Petty and
Cacioppo, 1986). LLMs, which have been trained to produce coherent and decisive outputs
using reinforcement learning, consistently generate language patterns that correspond to
these high-confidence signals. As a result, users are more likely to assign credibility to
responses based on presentation rather than the underlying evidentiary foundation, a
phenomenon previously documented in human-Al interaction studies (Logg et al., 2019).

This credibility attribution becomes self-reinforcing after multiple exposures. When high-
confidence outputs are perceived as correct, whether factual or not, the relationship
between the system and reliability strengthens, which is in line with established findings
on asymmetric belief updating in neuroeconomic models (Sharot et al., 2011). Such
reinforcement is disproportionately sensitive to confirmations: correct outputs have a
greater effect on increasing trust than incorrect outputs do on decreasing it, resulting in a
dynamic that gradually raises the system's baseline trust. Recent studies of algorithmic
advice have empirically demonstrated this persistence of trust even after encountering
errors, with participants maintaining reliance on a system despite repeated exposure to
inaccurate recommendations (Wang et al., 2024).

In addition to cognitive bias, structural convenience also plays a major role in this
persistence. The barrier to ongoing engagement is lowered by the availability of LLMs,
which offer prompt answers at no additional expense and eliminate the need for the
financial, social, or logistical work necessary to consult a human expert. Because of how
simple it is to get information from an Al, even when users are aware of possible errors,
the advantages may seem greater than the disadvantages. The mechanisms of confidence
inflation can function more frequently and with less resistance because of this situational
incentive structure, which strengthens habitual reliance.
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This effect is further enhanced by authority transfer. LLM outputs frequently reflect the
linguistic precision, domain-specific vocabulary, and structured reasoning that are
associated with human experts, causing users to reassign epistemic authority from
traditional sources to the Al system (Metzger and Flanagin, 2013). As time passes, this
transfer can normalise the system’s role as a primary source of information, minimizing
the perceived necessity for independent corroboration.

Error blindness also plays an important role. Responses that are well-organized and clear
can obscure embedded inaccuracies, especially when the information is consistent with pre-
existing beliefs or expectations (O'Reilly and Tenbrink, 2019). This alignment causes
confirmation bias, in which people selectively look for evidence that supports their prior
beliefs, reinforcing both the original belief and their trust in the system (Nickerson, 1998).
The combined effect of confirmation bias and the fluency heuristic build a reinforcing loop:
ease of processing increases perceived accuracy, while perceived accuracy reduces the
likelihood of evaluation, thereby deepening trust. The interaction of confirmation bias and
the heuristic results in a cycle in which each process strengthens the other. When
information corresponds to what a person already believes and is presented in clear, well-
structured language, the ease of reading or listening feels like a sign of certainty. This
feeling frequently replaces the need to verify the facts, which causes individuals to accept
the information as true without further investigation. The more often this occurs, the more
deeply embedded the belief becomes, making it more difficult to change later. Part of the
reason for this persistence is that accepting familiar ideas is mentally easier and more
comfortable than considering evidence that contradicts them. Over time, each experience
of having the individual's beliefs confirmed in a fluent, confident manner serves as a small
reward, reinforcing both the belief and trust in the source. This gradual reinforcement
increases people's likelihood of returning to the same source in the future, further reducing
their willingness to question what it generates.

These mechanisms together show that confidence inflation is caused by a complex interplay
of cognitive biases, learned trust, authority perception, and situational cost-benefit
considerations. This multifactorial nature makes it resistant to simple mitigation strategies,
emphasizing the importance of interventions that address both the psychological and
practical aspects of human-Al interaction.

4, Cognitive and behavioural consequences

The mechanisms that drive confidence inflation have direct implications for both individual
cognition and observable behaviour. At the cognitive level, repeated exposure to
confidently presented information, whether correct or not, can reset an individual's internal
threshold for what constitutes evidence that is trustworthy. This recalibration manifests as
decreased epistemic vigilance, in which the instinct to double-check facts or seek out
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validating sources becomes less automatic. According to research on trust calibration in
human-machine interaction, once users become accustomed to high-confidence outputs,
they are more likely to skip verification entirely, even in high-stakes or unfamiliar domains
(Lee and See, 2004; Dzindolet et al., 2003). Importantly, this shift does not result from a
deliberate rejection of caution, but rather from the gradual erosion of verification habits
caused by a combination of reinforcement and structural convenience. The immediacy of
LLM responses, their constant availability, and the lack of social, logistical, and financial
costs associated with consulting human experts make them an appealing default. For many
users, the ability to obtain a quick, understandable response serves as a problem-solving
tool, reducing the perceived need for time-consuming corroboration. When weighing the
costs and benefits of information-seeking, this convenience eventually becomes a deciding
factor, making using Al the more practical, and consequently, habitual option.

From a behavioural standpoint, relying on LLM outputs can lead to the consolidation of
initial impressions into stable, resistant beliefs. The anchoring effect reinforces this process
by using initial information as a cognitive reference point to shape the interpretation of
subsequent evidence (Tversky and Kahneman, 1974). When an Al-generated response
serves as the initial anchor, it can influence how all subsequent information on the topic is
evaluated, frequently biasing interpretation toward consistency with the first answer
received. If the initial information is incorrect, subsequent corrections may have little
impact, especially if they are delivered with less confidence, clarity, or immediacy than the
original output. This resistance to change illustrates the continued influence effect, which
occurs when misinformation remains in memory and continues to shape reasoning even
after it is explicitly corrected (Lewandowsky et al., 2012). The problem is further
complicated by the speed and convenience of the initial Al response, which allows the user
to quickly bridge the perceived knowledge gap. Once this sense of resolution has been
established, there is little perceived incentive to revisit or question the information, making
corrective interventions less likely to be investigated or accepted.

The behavioural consequences also apply to group-level information processes. In a group
setting, a confidently delivered Al output may rapidly become the focal point of discussion
or agreement, not only because the information seems to be based on extensive knowledge,
but also because it eliminates the delays and coordination efforts associated with consulting
multiple experts or other sources of information. This efficiency advantage may cause
group members to defer to the Al-derived position, reinforcing the authority transfer
described previously. Over time, such dynamics can result in an epistemic cascade in which
the same unverified or inaccurate information is repeatedly circulated and endorsed,
becoming embedded in the group's shared knowledge base (Bikhchandani et al., 1992).

Another long-term consequence is reduced source discrimination. As LLMs become the
standard first point of reference, users may increasingly regard them as interchangeable
with verified human expertise. This shift may flatten the perceived hierarchy of sources,
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making the distinctions between peer-reviewed research, expert opinion, and Al-generated
text less important in decision-making. In such a setting, convenience serves as a weighting
factor, prioritizing accessibility and speed over methodological rigour. The risk here is not
only the inclusion of incorrect information, but also a broader redefinition of what
constitutes a credible source. In the long run, this might give rise to what Fricker (2007)
terms epistemic injustice, where the credibility of certain sources is inflated or reduced
based on delivery characteristics rather than evidentiary quality.

Dealing with the problem of belief entrenchment involves understanding that removing
reliance on confidently delivered Al outputs without offering viable alternatives risks
leaving an informational void, which individuals will naturally seek to fill. With the goal
to preserve the efficiency and accessibility that make LLMs attractive while minimizing
epistemic drift, corrective mechanisms must be included within the interaction process
itself. These mechanisms could include the explicit signalling of uncertainty, allowing
users to recognise when further verification is needed; the automatic provision of direct
citations to primary or peer-reviewed sources, reducing the friction involved in
corroboration; and the integration of parallel reference pathways to pre-validated expert
resources. By making verification as convenient and immediate as consulting the Al, these
interventions counteract the anchoring effect and encourage a return to evidence-based
evaluation without jeopardizing the practical appeal of Al systems. With this approach,
epistemic caution can be maintained without discouraging use, but rather by incorporating
structures that allow for examination and correction.

5. Psychological and neuroeconomic views and long-term consequences

By looking at how cognitive psychology and neuroeconomics explain decision-making
under uncertainty, we can develop a better understanding of the dynamics of confidence
inflation. Neuroeconomic models describe information-seeking as a cost—benefit process,
in which individuals measure the expected value of improved accuracy against the effort,
time, and potential discomfort of obtaining additional evidence (Glimcher and Fehr, 2014).
The perceived benefit of further verification is frequently diminished when an LLM
provides rapid, coherent, and confident responses, while the cost, in terms of time,
attention, or complexity, remains salient. This recalibration makes the user more likely to
accept the first answer the Al provides, because it feels like the quickest and most efficient
option, even if it is not necessarily the most accurate. From a psychological perspective,
confidence inflation takes advantage of the interaction between reinforcement learning and
heuristic reasoning. According to Hertwig et al. (2008), the fluency heuristic causes
individuals to equate truthfulness with ease of processing, and confirmation bias favours
beliefs that support preconceived notions (Nickerson, 1998). In terms of reinforcement
learning, every time an LLM gives a belief-congruent response that is subsequently
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regarded as accurate, it serves as a reward signal. The probability of using the Al once more
in future decision-making situations increases because of this encouraging feedback
(Sharot et al., 2011). Even without explicit accuracy tracking, the brain efficiently updates
its trust calibration over time, giving the Al a higher baseline reliability rating.

In this framework, convenience has two functions. First, it reduces the perceived "cost"
side of the cost-benefit equation by acting as an extrinsic factor. It frequently takes a lot
more work to validate information using conventional methods—such as speaking with an
expert, reading original research, or cross-referencing several reliable sources—than it does
to accept the Al's response. Secondly, convenience serves as a reward in and of itself. The
brain's preference for cognitive efficiency is satisfied when a knowledge gap is
immediately closed. This results in a slight but gratifying sense of closure that influences
future behaviour to follow the same low-effort pathway (Kool et al., 2010). The speed and
ease of interacting with Al not only make decisions faster but also influence how the brain
judges the value and reliability of different sources of information.

The consequences of confidence inflation will extend beyond individual decision-making
and begin to reshape collective information norms if it becomes a widespread and persistent
feature of human—Al interaction. Collective epistemic drift, which is the gradual reduction
in the standard of evidence that groups expect before accepting a claim as true, is one of
the most significant risks (Bhimani et al., 2019). The expectation for independent
verification may decrease as more individuals become accustomed to receiving immediate,
confident responses from Al systems. As time passes, this can normalize a form of
informational shorthand, in which the perceived authority of an answer relies more on how
it is presented than on the validity of the underlying evidence (Lewandowsky et al., 2012).

This change has the potential to undermine the mechanisms that typically filter and
challenge inaccurate claims in public discourse. Editorial oversight and peer review
function as gatekeepers in traditional media and academic publishing, thereby reducing the
distribution of inaccurate information and offering structured opportunities for correction
(Bastick, 2021). In environments that are shaped by Al-generated content, these processes
can be completely bypassed, allowing unverified statements to circulate widely before any
evaluation occurs. These statements can be challenging to dislodge once they have settled
in public discourse, particularly when they are attributed to a source that is perceived as
neutral or purely technical (Vosoughi, Roy, and Aral, 2018).

The influence on education is also substantial. As learners become more dependent on Al
for explanations, summaries, and interpretations, there is a possibility that their critical
thinking and independent research abilities will diminish (Fisher, 2023). Students may be
less inclined to question information when it is presented fluently and with confidence,
which can result in a diminished ability to evaluate the quality of sources. This has an
impact on more than just individual competence; it can result in a population that is unable
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to navigate complex or contested topics without automated guidance over the course of
generations (Snyder, 2019).

Confidence inflation can impact both public opinion and institutional decision-making in
governance and policymaking. Policy debates frequently depend on technical or
specialized information that may be challenging for the public to assess. If Al-generated
summaries of such information are accepted at first glance without deeper investigation,
they can shape voter perceptions and political agendas in manners that are not aligned with
the best available evidence (Susser, Roessler and Nissenbaum, 2019). In a similar way, if
policymakers themselves depend heavily on Al for briefing materials or scenario analyses,
there is a risk that errors or biases embedded in the outputs will cascade into legislative or
regulatory actions (Morley et al., 2021).

The structural benefits of speed, accessibility, and perceived neutrality that initially draw
people to Al consultation also increase these risks (Rahwan et al., 2019). The informational
ecosystem becomes more susceptible to subtle, large-scale distortions if these
characteristics are adopted as the primary criterion for what constitutes trustworthiness.
This could eventually result in an environment in which the appearance of certainty
consistently surpasses the actual process of establishing truth. To resolve these
implications, it will be necessary to reinforce institutional and cultural norms that prioritize
evidence-based reasoning over presentation-driven credibility, in addition to making
technical adjustments to Al systems (Fricker, 2007).

6. Conclusion

Interventions that address both the cognitive tendencies of users and the technical design
of Al systems are necessary to mitigate the effects of confidence inflation. One of the most
effective methods from a system design perspective is to enhance the confidence calibration
of LLM outputs. The process of confidence calibration involves the alignment of the degree
of certainty expressed in an answer with the likelihood that the answer is accurate
(Kadavath et al., 2022). This can be accomplished by using model training methods that
incorporate uncertainty estimation and probabilistic reasoning, and through post-
processing layers that adjust language to match empirical accuracy levels. For instance,
models can be programmed to explicitly communicate when a claim is uncertain, identify
areas that require further verification, or present multiple plausible alternatives rather than
a single, definitive statement (Kull et al., 2017).

Nevertheless, technical modifications alone are insufficient. Psychological interventions
that maintain epistemic caution are equally significant. One approach is to incorporate
"friction points" into Al interfaces, which are small prompts or cues that motivate and
encourage users to pause and reflect before accepting a response as authoritative (Thaler
and Sunstein, 2008).For example, while some current systems already provide citations,
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source links, or summaries of differing viewpoints, these features are often inconsistent,
rely on secondary or unverified material, or present comparisons generated solely from the
model’s internal synthesis. A stronger approach would require that links lead directly to
verifiable primary sources, and that comparative summaries clearly distinguish between
areas of established expert consensus and domains where significant disagreement remains.
These features enable verification to be as accessible as the initial Al response by reducing
the cognitive cost. Users are more inclined to participate in verification when the process
of verifying an Al claim is as effortless and rapid as the initial receipt (Pennycook and
Rand, 2019).

Additionally, educational initiatives are essential. Media and information literacy programs
can be modified to incorporate Al literacy, which teaches users how LLMs generate
outputs, where errors are most likely to occur, and how to interpret uncertainty cues.
Research on inoculation theory indicates that by providing users with examples of Al
outputs that are confidently delivered but misleading, as well as explanations of why they
are misleading, they can become more resilient to similar errors in the future (van der
Linden et al., 2017). Even in environments where Al is deeply integrated, the integration
of these practices into formal education and workplace training can assist in the
preservation of verification habits.

Institutions that use Al for decision support should implement layered review processes, in
which domain experts evaluate Al-generated content before it is used in policy or
operational contexts. This approach is like the peer-review model used in academia, and it
serves as a safeguard against direct adoption of potentially flawed outputs. Regulatory
frameworks may also require transparency in how confidence levels are calculated and
communicated, allowing end users to make informed decisions about the reliability of the
information they receive (Floridi et al., 2018).

Finally, effective mitigation must address the convenience factor that drives confidence
inflation. If accepting an Al's response is significantly easier than verifying it, structural
incentives will continue to favour trust without examination. The goal should not be to
make Al less accessible or slower, but to make the verification process equally fast and
fluid. By incorporating calibrated confidence, transparent sourcing, and low-effort
verification into standard Al interactions, it is possible to retain the efficiency benefits of
LLMs while protecting the cognitive safeguards that prevent epistemic erosion.

Confidence inflation is a subtle but significant consequence of how large language models
generate and deliver information. By consistently providing confident responses, these
systems can reset individual's views of reliability, resulting in less verification, fixed
beliefs, and source discrimination. The appeal of speed and convenience amplifies this
effect, making AI consultation the default option even when users are aware of the
possibility of error. Over time, these dynamics can reshape collective evidence norms,
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reducing the importance of verification in both personal decision-making and public
discourse.

The mechanisms driving this process are based on well-known cognitive tendencies such
as the heuristic, confirmation bias, and authority bias, but they are amplified by Al
interaction's unique characteristics.

Neuroeconomic research shows that the speed and convenience of receiving an immediate
response from an Al serve as rewards for individuals to keep coming to use it in the future.
Psychological studies also show that when such systems make mistakes, users frequently
do not adjust their trust levels, either because the errors are easy to overlook or due to the
overall convenience still surpassing the perceived risks. In combination, these factors create
a situation in which how certain an answer appears can be more important to the user than
whether it is supported by strong evidence.

Mitigating confidence inflation necessitates two approaches. On the technical side, Al
systems must be designed to accurately communicate uncertainty, connect users to
verifiable primary sources, and make verification as simple as receiving the initial answer.
However, even when such features are available, many users may choose not to use them
because clicking through to a source or reading further requires an additional step. Without
addressing this behavioural tendency, technical improvements are unlikely to significantly
reduce confidence inflation.

Interventions on the human side should focus on promoting and strengthening verification
habits through education, transparency, and institutional safeguards. The goal is not to
discourage the use of Al, given its obvious efficiency and accessibility benefits, but to
incorporate the cues, tools, and pathways that support evidence-based evaluation.

Early intervention is critical in resolving this issue. If left unchecked, confidence inflation
has the potential to perpetuate a culture of uncritical acceptance in which presentation and
accessibility define credibility. By aligning Al design with epistemic caution principles and
reinforcing those principles in user behaviour, it is possible to preserve the benefits of these
technologies while maintaining the quality of knowledge that underpins individual and
collective decision-making.
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Abstract. This paper explores the economic value of data in the public sector and its role in
optimizing decision-making. With the emergence of big data, artificial intelligence, and machine
learning techniques that can leverage data to provide multiple benefits in forecasting certain
phenomena, thus leading to better decision-making, data has become a national asset. Considering
that a decision must, first and foremost, be informed—based on the analysis of all options, scenarios,
and alternatives—data proves to be an essential resource in the process of optimizing decisions.
Thus, data-driven public administration revolutionizes decision-making processes by integrating
data analytics and evidence-based approaches to enhance governance and service delivery. By
examining frameworks for data governance, open data initiatives, and the value of data as a
strategic asset, the study highlights how data-driven decision-making improves transparency,
accountability, and operational efficiency.
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1. Introduction

Decision-making holds a crucial place in all ongoing activities, as it defines a goal and the
means needed to achieve it. From a range of options, small or large, the best approach to
realizing the defined goal, using available resources, is chosen through a deliberative
thought process.

Over time, researchers and psychologists have developed several theories to understand
and predict how people make decisions. Decision theory is a complex field of study that
examines how decisions are made, particularly in situations involving uncertainty and
multiple alternatives. This field has evolved, incorporating new insights and adapting to
advances in various disciplines, while some earlier theories have been challenged or
disproven. Traditionally, decision theory has emphasized rational decision-making,
focusing on the systematic analysis of goal-directed behavior. This involves understanding
how individuals or groups make choices when faced with various options, influenced by
external events or conditions beyond their control. These choices lead to different
outcomes, each with associated positive or negative consequences, which are often
evaluated according to specific criteria or a rational approach.

The rational decision-making model is the opposite of intuitive decision-making. In this
approach, individuals rely on facts and information, perform analyses, and follow a
structured, step-by-step process to reach a decision.

The rational decision-making model includes five steps as follows:

1. Identifying the problem that requires a solution

2. Identifying the solution scenario

3. Carrying out a gap analysis

4. Gathering facts, options, and alternatives

5. Analyzing option outcomes

6. Selecting the best possible options

7. Implement the decision and evaluate the outcome. (Uzonwanne, 2016)

In public administration, decision-making implies that public administrators are
responsible for setting public strategy objectives and choosing the most suitable methods
to achieve them. This decision-making process is governed by a form of rationality specific
to the public sector, meaning that decisions rely on a careful and reasoned analysis of
available options to identify solutions that best serve the public interest.

More specifically, administrators not only establish the direction of action but must also
consider existing resources and constraints, ensuring that their choices are both efficient
and sustainable. This rational approach to administrative decision-making supports the
implementation of coherent policies that contribute to the development and proper
functioning of the public sector.

The rational model is particularly beneficial in scenarios where clear data and well-defined
goals exist, as it minimizes ambiguity and uncertainty, providing a logical framework for
choosing the best solution.
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Traditional approaches, such as the rational model of decision-making, provided a
structured method grounded in logic and order. However, the rise of big data and analytics
has introduced new methodologies that allow decisions to be guided by empirical evidence,
patterns, and real-time insights. Moving from the rational model to data-driven decision-
making reflects a shift in how organisations can achieve precision, adaptability, and
competitive advantage.

According to Picciano, fundamental to data-driven decision making is a rational model
directed by values and based on data. (Picciano, 2012)

Soares da Silva et al consider that., “with the rapid technological changes in data storage
and processing, managers and administrators have been changing the way they make
decisions, relying less on their intuitions and more on data”. (Silva, et al., 2022)

In the article “Strength in Numbers: How Does Data-Driven Decision making Affect Firm
Performance?”, Brynjolfsson et al. (2011) demonstrated through statistical analysis that
companies adopting data-driven approaches tend to experience significant productivity
improvements, with gains ranging from 4% to 6%. Their findings also reveal a strong,
nearly causal correlation between data-driven decision-making (DDDM) and enhanced
financial performance metrics, such as higher returns on assets and equity, improved asset
utilization, and increased market value. Similarly, in the context of public administration,
the adoption of DDDM has been shown to boost productivity by approximately 5% to 6%,
surpassing the improvements typically attributed to traditional inputs or the use of
information technology alone. (Brynjolfsson, et al., 2011)

In the report “The Path to Becoming a Data-Driven Public Sector”, the OECD highlights
that “a truly data-driven public sector recognises data as a key strategic asset with its value
defined and its impact measured, reflects active efforts to remove barriers to managing,
sharing and re-using data, applies data to transform the design, delivery and monitoring of
public policies and services and values efforts to publish data openly as much as the use of
data between, and within, public sector organisations”. (OECD, 2019)

According to OECD, the analytical framework for assessing the full scope of a Data-Driven
Public Sector (DDPS) is organized around three key focus areas:

1) a comprehensive data governance model,

2) the use of data to create public value,

3) the role of data in fostering public trust. (idem)

This study explores the role of data-driven decision-making in public administration, the
value of data as an asset, and the implementation of robust data governance structures. It
examines how the use of data can enhance governance, improve service delivery, and foster
public trust, which are essential components of effective public administration. By
analyzing data governance frameworks and open data initiatives, the study aims to shed
light on the ways in which data can support the development of evidence-based policies,
drive operational efficiencies, and improve societal outcomes.
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2. The Role of Data as a Strategic Asset for The Public Sector

According to Tao et al., since the turn of the 21st century, advancements in technology
such as cloud computing, the Internet of Things, and artificial intelligence have greatly
enhanced data processing capabilities, leading to a significant increase in the value of data.
(Tao Xu, et al., 2023)

The authors define data as” resources that are owned or controlled by an enterprise and
have real or potential value, comply with data laws, and are recorded electronically. As an
important asset of an enterprise, data assets are of great significance in decision-making,
business development, and innovation. (idem)

When we are talking about the private sector, data is an important asset to price due to the
fact that it changes firm valuation and is a key consideration for an entrepreneur starting a
new firm. (Veldkamp, 2023)

Veldkamp states that data is digitized information that reduces the uncertainty around a
prediction. In other words, data can resolve uncertainty or risk. (idem)

In finance terms, the three essential characteristics of an asset have been identified as:

1. Does the asset have service potential or provide future economic benefits, where the
benefit comes from the use of the asset or its sale?

2. Is the asset controlled by the organisation? That is to say, does the organisation have the
power to benefit from the asset and deny or regulate how others access it?

3. Is the asset the result of previous activity? Has the asset been collected through a process,
acquired from a source in some way, or through carrying out some work to develop it?
(OECD, 2019)

OECD states that data are not tangible assets and their value cannot be measured in the
same way. For tangible assets, a measure can be taken in terms of an initial cost, the current
market value, or a calculated potential for generating future revenue. Despite the challenges
of treating an intangible asset in this manner, the OECD considers it essential for public
sectors to develop practical methods for identifying the value of data. (idem)

Figure 1. OECD s representation on identifying the value of data in the public sector
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According to Directive (EU) 2019/1024 of the European Parliament and the Council,
“public sector information represents an extraordinary source of data that can contribute to
improving the internal market and to the development of new applications for consumers
and legal entities. Intelligent data usage, including their processing through artificial
intelligence applications, can have a transformative effect on all sectors of the economy™.
(European Parliament, 2019)

“Open data”, when referring to data issued by the government, means public sector data
and publicly funded data made available for reuse for any purpose.

Allowing public sector data to be reused for other purposes, including commercial ones,

can:

= foster economic growth and innovation through the development of new products and
services;

= help address societal challenges through innovative solutions, such as in healthcare and
transport;

= enhance evidence-based policymaking and boost efficiency in public administrations;

= become a vital asset for developing new technologies like artificial intelligence (Al),
which requires the processing of vast amounts of high-quality data;

= foster citizen participation in political and social life, and increase government
transparency. (idem)

Launched in 2015, the portal data.europa.eu serves as a central access point for open data
across Europe, facilitating improved data availability and reuse. Its primary goals include
enhancing access to high-quality open data and promoting impactful reuse of data to drive
innovation and societal benefits. (The official portal for European data, 2024)

The open data maturity (ODM) assessment by data.europa.eu measures the progress of
European countries in making public sector information available and stimulating its reuse.
The results show the level of maturity of the participating countries and support the
development and sharing of best practices regarding open data across Europe.

The ODM questionnaire is structured in four dimensions:
(1) open data policy,

(2) open data impact,

(3) open data portal and

(4) open data quality. (European Commission, 2023)

These dimensions are subdivided into indicators. The four dimensions are outlined below.
Open data policy investigates countries’ policies and strategies regarding open data, the
national governance models for managing open data, and the measures deployed to
implement the policies and strategies. To evaluate these elements, the dimension is
composed of three indicators:

(1) policy framework,

(2) governance of open data and

(3) open data implementation.
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In 2024, this study involved 27 EU Member States, 3 European Free Trade Association
(EFTA) countries (Iceland, Norway, and Switzerland), and 4 candidate countries (Bosnia
and Herzegovina, Albania, Serbia, and Ukraine).

Figure 2. European Union Overview on Open Data Indicators - 2024
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The 2024 data shows a collective effort across EU nations to enhance open data policies
and infrastructures. The EU Member States improved their average maturity score,
increasing from 46 % in 2015 to 83 % in 2024. (European Commission, 2024)

Figure 3. Country Overview on Open Data Score - 2023
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Figure 3 highlights the open data scores obtained by member states in 2023. The most
mature countries in the EU-27 are France (98.3 %), Poland (97.9 %), and Estonia (96.2 %).
The most mature European Free Trade Association country is Norway (90.2 %), and the
most mature candidate country is Ukraine (96.3%). (European Commission, 2023)

Tabel 1. Country Overall ranking on Open Data - 2024

Country Overall Ranking
France 1
Poland 2
Ukraine 3
Slovakia 4
Ireland 5
Spain 6
Lithuania 7
Czechia 8
Italy 9
Estonia 10
Cyprus 11
Denmark 12
Latvia 13
Slovenia 14
Portugal 15
Norway 16
Austria 17
Serbia 18
Luxembourg 19
Switzerland 20
Sweden 21
Netherlands 22
Finland 23
Hungary 24
Germany 25
Belgium 26
Romania 27
Croatia 28
Bulgaria 29
Greece 30
Iceland 31
Malta 32
Albania 33
Bosnia and Herzegovina 34

Source: The author based on the statistics available on data.europa.cu

The table ranks 35 countries based on their overall open data performance, highlighting
their maturity and impact.

As we can see, France (1) is the top performer in open data due to robust policy frameworks,
effective governance, and high-quality portals, followed by Poland (2) and Ukraine (3),
which show remarkable progress, leveraging open data for societal and economic benefits.

On the bottom of the list, Romania (27), Bulgaria (29), and Greece (30) face many
challenges in implementing open data strategies effectively and ensuring data usability.
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5. The Economic Value of Data

According to Coyle and Li (2021), “the value of data depends on processing it to enable
firms to make better decisions, enhancing their competitiveness, growth and profits”. The
authors consider that the value of data lies in knowledge derived from the use of data.

As reported by the European Commission, the estimated value of the data economy across
the 27 European Union Member States and the United Kingdom surpassed €440 billion in
2020.

Figure 4. Value of the data economy in the European Union (EU) and United Kingdom from 2016 to 2020 and
in 2025
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Source: Statista.

To fully realize the economic potential of data, a robust governance system that guarantees
data quality and ethical use is indispensable.

IBM was one of the earliest companies that develop the structure for data governance.
According to IBM, data governance is ” the data management discipline that focuses on
the quality, security, and availability of an organisation’s data. Data governance helps
ensure data integrity and data security by defining and implementing policies, standards,
and procedures for data collection, ownership, storage, processing, and use. (IBM, 2024)

On the other hand, the Data Management Association (DAMA International) gave a
comprehensive framework for data management across organisations.

The DMBOK (Data Management Body of Knowledge), elaborated by DAMA
International, serves as a guide for data professionals, offering structured methodologies,
terminology, and guidelines for managing data effectively and securely within any
organisation. According to DAMA International, the areas of Data Management
Knowledge are represented above:
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Figure 5. The representation of the 11 Data Management Knowledge Areas
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Data governance is defined by OECD as the “arrangements, including technical, policy,
regulatory or institutional provisions, that affect data and their creation, collection, storage,
use, protection, access, sharing and deletion across policy domains and organisational and
national borders”. (OECD, 2022)

The report of OECD, ”The Path to Becoming a Data-Driven Public Sector”, reveals to us
that ”good data governance can contribute to setting a common vision; enhancing coherent
implementation and co-ordination; and strengthening the institutional, regulatory, capacity
and technical foundations to better control and manage the data value cycle, i.e. collect,
generate, store, secure, process, share and reuse data, as means to enhance trust and deliver
value”. (OECD, 2019)

According to European Commission, there are three levels of data governance:

= Strategic, which defines the long-term vision, gives direction, oversees progress, takes
strategic decisions, and acts as the highest point of reference for issues and matters
related to data governance and data policies;

= Managerial, which is accountable and responsible for developing and implementing
data policies at corporate level and local level. It monitors progress, reports to the
strategic level and refers to them any issues and matters that are beyond its decision-
making power or mandate;

= Qperational, where data policies are actually implemented and most decisions about
data are taken. Whenever necessary, issues are escalated to the managerial level for
resolution. (European Commission, 2020)

OECD developed a model that serves as a foundation to coordinate various data-related
efforts across organizational, policy, and technical domains to achieve shared policy
objectives (fig. 6).
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Figure 6. OECD’s Data Governance in the Public Sector Framework
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3. Conclusions

This article highlights the significant importance of data-driven decision-making in public
administration, emphasizing the role of data as a valuable asset. With the emergence of big
data, advanced analytics, and artificial intelligence, public sector organizations can now
optimize decision-making processes to achieve transparency, accountability, and
operational efficiency.

Therefore, an enhanced framework for data collection and management is required, one
that establishes clear policies for the collection, storage, use, and sharing of data. As
observed, open data initiatives also demonstrate the value of providing access to public
sector data for reuse, driving innovation, and fostering economic growth.

Beyond its administrative role, data also carries significant economic value. Increasingly
recognized as an intangible asset, data contributes directly to competitiveness, productivity,
and the emergence of new business models, forming the foundation of the digital economy.
According to European Commission estimates, the data economy already represents
hundreds of billions of euros annually, confirming that investment in data infrastructures
and governance policies generates measurable economic benefits.

While the European Union's progress in open data maturity underscores the collective
efforts of member states to improve policies, infrastructure, and data quality, the challenges
faced by lower-ranking countries such as Romania, Bulgaria, and Greece emphasize the
need for targeted interventions to enhance their open data capabilities.
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In conclusion, data-driven public administration represents a paradigm shift in governance,
enabling governments to address complex challenges with precision and foresight. By
adopting data as a strategic asset, promoting robust governance, and supporting open data
initiatives, public sector organizations can achieve greater efficiency, improved
responsiveness, and enhanced public trust.
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