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Abstract: In this research, our primary objective is to dissect the influence of specific locational
elements—proximity to international borders, substantial ports, and significant railway junctions—
on the economic vitality of Hungary’s counties from 2001 to 2020. The aim is to reveal how these
factors individually contribute to economic disparities and to demonstrate their compounded effect
on regional prosperity. This analysis is particularly timely and pertinent as regional inequalities are
becoming more pronounced globally, making understanding such disparities crucial for effective
policy formulation and regional planning. Utilizing GDP per capita as a fundamental indicator
of economic health, we meticulously categorized counties, revealing a clear correlation between
these locational advantages and economic performance. We innovatively employed Python to script
a unique code, creating a matrix that enriches the presentation of our results, thereby facilitating
a more nuanced understanding of these correlations. Our findings are significant in the current
socio-economic climate, highlighting the need for tailored strategies considering unique regional
attributes. This study is instrumental for policymakers and stakeholders in formulating informed,
targeted strategies to harness these locational advantages, fostering balanced development, and
narrowing the economic divide within the nation. The actuality of our research lies in its immediate
relevance, offering insights critical to current discussions and decisions in regional development
planning.

Keywords: gross domestic product per capita; growth rate; border regions; ports; railroads

1. Introduction

In an era characterized by intricate interconnections and global dynamics, the com-
plexities of regional economic development have taken center stage in both research and
policy discourse. Our analysis will focus on Hungarian counties as the geographical unit
of interest, corresponding to the Nomenclature of Territorial Units for Statistics—Level 3
(NUTS-3), a sub-national administrative division. By meticulously dissecting the principal
factors that exert influence, we embark on a journey to unravel the intricate tapestry that
defines economic trajectories within these regions. Through this exploration, we aim to
cultivate a deeper comprehension of the intricate forces at play, shedding light on the
diverse mechanisms steering the economic destinies of individual subnational entities.

While numerous factors collectively shape the economic development of subnational
regions, it is essential to isolate and study individual influences. In this article, the authors
focus on examining the impact of specific factors on the economic growth rate of NUTS-3
regions. These factors include the proximity to international borders and the presence of
significant ports or railway networks. Although various factors, such as skilled labor avail-
ability, natural resources, government policies, investment incentives, and the presence of
educational institutions, are pivotal, our study concentrates on disentangling the influence
of these particular elements. By doing so, we aim to gain a deeper understanding of how
these factors uniquely contribute to the economic development of subnational areas. The
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complex interplay of these elements ultimately determines the level and pace of economic
growth in these regions.

In light of the increasing importance of the chosen factors and their impact, it is vital to
consider the evolving logistics landscape in our modern world. The COVID-19 pandemic
has accelerated the integration of modern logistics technologies, such as IT, telecommu-
nications, and automatic contactless delivery (Borjesson and Eliasson 2019). Continuous
improvement in the efficiency of the logistics chain that combines the production, trans-
portation, and storage of goods, is necessary to maintain a place in the world market
(Rymarczyk 2020). The development of logistics infrastructure plays a critical role in facili-
tating the movement of goods and materials within a region. This can provide numerous
benefits for local businesses, including accessing imported resources and exporting their
products. Access to foreign markets seriously impacts domestic economic development
(Di Berardino et al. 2022). Foreign trade activity develops local markets both due to the
emergence of new goods and technologies and by increasing the technological level of local
enterprises (Elekes and Lengyel 2020).

In this paper, using the example of Hungary, we will examine such factors as the
presence of major railway and water routes and the proximity to international borders.
The main object of our research is the Hungarian subnational regions—the counties. The
Hungarian economy is significantly oriented towards the markets of more developed
partners in the European Union. Various researchers have repeatedly noted that Hungary
is significantly increasing its foreign trade potential (Vamos 2022). The successful inclusion
of Hungary in the pan-European markets has become a key driver of its economic success
in the post-socialist period (Radosevic 2002; Resmini 2010). In their economic develop-
ment, Hungary’s border regions largely depend on efficiently delivering goods to the
more capacious markets of developed neighbors. While various factors influence regional
development, this paper presents a focused investigation into the impact of specific factors,
such as proximity to borders and the presence of port and railway infrastructure, on the
economic development of Hungarian counties.

The central hypotheses of this article are formulated as follows:

Hypothesis 1. Counties with significant major railway or water routes exhibit superior economic
development and display notably accelerated growth in GDP per capita compared with counties
lacking such transportation networks.

Hypothesis 2. Counties close to international borders exhibit enhanced economic development and
manifest swifter growth rates in GDP per capita compared with counties located farther away from
these borders.

Hypothesis 3. Counties positioned at a considerable distance from international borders and devoid
of substantial railway or waterway infrastructure experience relatively lower levels of economic
development and present slower growth patterns in GDP per capita than counties benefiting from
closer border proximity and robust transportation networks.

In this paper, we acknowledge the multitude of factors that influence regional devel-
opment. However, our research takes a specific and focused approach by examining the
influence of proximity to international borders and the presence of major port and railway
infrastructure on the change and growth rate of GDP per capita in Hungary’s NUTS-3
regions. We recognize that regional disparities are multifaceted and influenced by a wide
range of factors, from population distribution to economic activities. While our analysis
provides valuable insights into the relationship between certain transportation-related
factors and economic development, it is just one piece of the larger puzzle of Hungary’s
regional dynamics. Our methodology will help us gain a better understanding of how these
specific factors contribute to economic growth at the regional level, even though it may
not comprehensively address all aspects of regional development. We aim to contribute to
the empirical basis for understanding these dynamics, with the recognition that policies
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may not be able to alter Hungary’s political map but can benefit from a more nuanced
understanding of regional economic drivers.

The rest of the paper is organized as follows: Section 2 presents the theoretical frame-
work and the literature review. Section 3 presents the methodology. The results are
presented in Section 4, and are discussed in Section 5. In Section 6, we draw conclusions.

2. Theoretical Framework and Literature Review

The foundational theories guiding this article are deeply rooted in the principles of
Regional Economic Development, New Economic Geography (NEG), Endogenous Growth
Theory, Infrastructure-Based Development Theory, and Spatial Interaction Theory. These
theories collectively frame the development of our central hypotheses:

Hypothesis 1. Drawing from Infrastructure-Based Development Theory, we posit that counties
with substantial railway or water routes are likely to demonstrate superior economic development,
exhibiting accelerated growth in GDP per capita. This hypothesis aligns with the theory’s assertion
that robust infrastructure is a critical driver of economic progress. Calderon, C. and Servén, L.
examined the impact of infrastructure development on economic growth and income distribution
using a large dataset of countries (Calderon and Serven 2004). Esfahani, H. and Ramirez, M.
explored the interplay between institutions, infrastructure, and economic growth, arguing that the
quality of institutions can significantly influence the productivity of infrastructure investments
(Esfahani and Ramirez 2003).

Hypothesis 2. Informed by New Economic Geography and Spatial Interaction Theory principles,
we hypothesize that counties proximate to international borders will experience enhanced economic
development, reflected in swifter GDP per capita growth rates. These theories support the idea
that geographical positioning relative to borders can significantly impact economic activities and
growth. Anderson, |. and van Wincoop, E. provided insights into how borders significantly affect
trade patterns, emphasizing the role of geographical positioning in economic activities (Anderson
and Wincoop 2003). Fujita, M., and Thisse, |. offered a comprehensive view of the spatial economy,
emphasizing how location relative to borders and centers of economic mass can impact economic
activities (Fujita and Thisse 1996).

Hypothesis 3. Synthesizing insights from Regional Economic Development Theory and NEG, we
propose that counties far from international borders and lacking significant railway or waterway
infrastructure will experience lower economic development levels and slower GDP per capita
growth. This hypothesis underscores the role of spatial disparities and infrastructure in regional
economic outcomes. Stimson R. et al. analyzed regional growth and local development theories,
exploring how economic actors choose their locations and the impact of these decisions on regional
economic development (Stimson et al. 2006). Pinder, D. provided a survey of major theories of
regional economic development, guiding strategic planning and policy-making processes in the
European Union (Pinder 2017). Krugman, P. launched the foundations of NEG theory, explaining
the formation of highly concentrated industrial hubs and the impacts of transportation costs and
economies of scale on this process (Krugman 1991). Baldwin, R. et al. discussed NEG in the context
of globalization, analyzing how it impacts regional economies and shapes global economic geography
(Baldwin et al. 2001).

Today, more than 70% of traded goods traverse global supply chains (Zabojnik et al.
2020). Ensuring competitiveness in the international markets is imperative for fostering
economic growth. Paul Krugman emphasized the necessity for individual countries to
exhibit competitiveness in foreign markets, drawing a parallel between competition among
countries and that among corporations (Krugman 1996). Venturing into foreign markets
imposes additional requisites on exporters, simultaneously leading to enhanced efficiency
gains. Battisti et al. postulated that firms engaged in international markets typically
demonstrate higher productivity levels than their domestic counterparts (Battisti et al.
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2021). The success of penetrating global markets depends significantly on the adaptability
of the domestic market to external demands (Wang et al. 2022).

Even within the scope of a unified market like the European Union, competition
prevails among individual countries vying for sales opportunities. Lomachynska I. et al.
dissected the influence of well-developed European markets on the competitive landscape
of new EU member states (Lomachynska and Podgorna 2018). Jarosz-Angowska A. et al.
highlighted that integrating new EU members into the single European market subjects
them to intense competitive pressures from fellow Community members and third-party
nations (Jarosz-Angowska et al. 2022). Competition is observed both in individual enter-
prises and across industries (Grzegorzewska and Stasiak-Betlejewska 2021). Research has
extensively explored the experience of Eastern European countries in the broader pan-
European market. Lomachynska et al. scrutinized the impact of foreign direct investment
on the export dynamics of Hungary, Poland, Slovakia, and the Czech Republic (Lomachyn-
ska et al. 2020). Pawera et al. delved into the nuances of effective collaboration between
Slovakia and Austria (Pawera et al. 2020).

A pivotal determinant influencing successful forays into foreign markets is the status
of the logistics infrastructure. The intricacies of global logistics infrastructure development
and its implications for national progress were explored by Sakalys and Batarliené (2017)
and Seo et al. (2017). The imperative to modernize logistics infrastructure for interna-
tional trade was underscored in works by Otsuka et al. (2017), Liao (2017), and earlier
contributions by the authors themselves (Fedorenko et al. 2021; Fedorenko and Khmeleva
2021).

The impact of railway infrastructure on the European economy has been scrutinized
in various contemporary articles. Schumann T. et al. analyzed Europe’s high-speed freight
train initiative (Schumann et al. 2018). Bukvic et al. investigated the application of game
theory for optimizing transportation costs among Eastern European countries (Bukvic¢
et al. 2021). Minarik M. et al. evidenced the positive influence of importing transport
services from EU countries to Slovakia, Czechia, and Poland (Minarik et al. 2022). Kalman
B. et al. explored the interplay between competitiveness and logistics performance within
the Visegrad Group (Kalman and Toth 2021). Additionally, the logistics infrastructure of
Visegrad Group countries has been analyzed by other researchers (Toth 2019; Wiodarczyk
and Mesjasz-Lech 2019).

Distinct attention has been directed toward the economic development of Hungary
and its potential integration into the global economic framework by scholars such as Nagy
et al. (2018) and Olah et al. (2017a, 2017b), among others. Kano et al. analyzed the
intricacies of Hungary’s regional inclusion in the pan-European market, albeit focusing on
the impact of international corporations rather than the regions themselves (Szakalné Kano
et al. 2019).

We acknowledge the complex tapestry of factors that mold regional development.
However, our research narrows its lens to scrutinize the role of international border prox-
imity and the availability of major port and railway infrastructure in modulating GDP per
capita changes and growth rates across Hungary’s NUTS-3 regions. Regional disparities
result from a confluence of variables, from demographic compositions to the spectrum of
economic activities present.

Although our analysis offers critical insights into how transport-centric factors corre-
late with economic development, it represents a singular facet in the multifaceted realm
of Hungary’s regional economic dynamics. Our methodological approach, fortified by
data-driven decision making principles, seeks to unravel the contributions of these tar-
geted factors to regional economic development, albeit without capturing every element
influencing regional development comprehensively.

Despite the comprehensive body of literature delving into various aspects of economic
competitiveness, international market entry, logistics infrastructure, and their interplay;,
specific questions warrant further investigation. While existing research has shed light
on the impact of transportation networks, proximity to international borders, and the
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role of logistics infrastructure, some nuances require deeper exploration. Furthermore,
the complex relationships between competitiveness, economic growth, and the specific
contexts of subnational regions like Hungarian counties, call for a more targeted inquiry.
As a result, this paper aims to contribute to the existing knowledge by focusing on the
intricate connections between major transportation routes, border proximity, and economic
development within Hungarian counties. By addressing these gaps and employing a com-
prehensive analytical approach, this study seeks to provide a more nuanced understanding
of the factors influencing subnational economic growth and to offer insights that can guide
policy decisions and future research endeavors.

3. Methodology

We examined the statistical data of Hungary for the period from 2000 to 2020. The
primary sources are presented in Table 1.

Table 1. Analyzed international, national, regional, and local documents.

Information Source Information Type Reference
Data on the volume of the https://data.worldbank.org
World Bank Group gross domestic product of (GDP per Capita (current
Hungary for 2000-2021. US$)—Hungary n.d.)
Data on the volumes of the
Hungarian Central Statistics gross regional product of https:/ /www.ksh.hu (Gross
Office individual counties of Domestic Product (GDP) n.d.)

Hungary for 2000-2021

https:/ /www.

Flanders Investment and Hungarian logistics flandersinvestmentandtrade.
Trade infrastructure data com (Logistics Sector in
Hungary n.d.)

Our study is dedicated to specific Hungarian counties that markedly differ in their
levels of economic development. Figure 1 presents a map of Hungary where the color
illustrates the disparity in GDP levels across the counties as of 2020.

Borsod-Abauj-Zemplen

Nograd Szaboles-Szatmar-Bereg

b GRP2020

17713819
Hajdu-Bihar
Pest

Jasz-Nagykun...

Gyor-Moson-Sopron  gomar.

Vas Veszprem Fejer

Zla Bekes

Bacs-Kiskun
Tolna
Somogy

Csongrad-Csanad

Baranya

Figure 1. Differences in the GDP level of the Hungarian counties (2020) (forints).
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Hungary’s economy exhibits an extremely high concentration of economic activity
within the capital area. Such a situation is common among many small countries and
can significantly distort the influence of other factors. In this paper, we explore two
key economic indicators, Gross Domestic Product (GDP) and GDP per capita, as central
components of our analysis. The dataset employed in this study encompasses annual
GDP values for a selection of counties spanning the years from 2000 to 2020, with each
county’s GDP measured in millions of forints. GDP represents the total economic output of
a region and serves as a fundamental measure of economic activity. In addition to GDP, we
also utilize GDP per capita, which is obtained by dividing the GDP by the population of
each county. GDP per capita, in contrast to GDP, provides a more nuanced perspective by
reflecting the economic output on a per-person basis, allowing for a better understanding of
the standard of living and economic well-being within a region. These two indicators offer
a comprehensive view of the economic dynamics within the counties under study and form
the basis for our subsequent analysis. To quantify each county’s economic performance,
the GDP per capita growth rate from 2000 to 2020 was computed. The growth rate, denoted
as GR;y,, was calculated using the following formula:

Ci—Ci(Yi1)

CRiy, = Ci(Yi-1)

x 100

To assess the economic changes experienced by each county, the change in GDP per
capita between 2000 and 2020 was determined. The GDP per capita change, denoted as
AGDP;, was computed using the following formula:

AGDP; = GDPygpg,; — GDPyp,i

The average GDP per capita change (AGDP 4,4) across all counties and the average
growth rate (GR 4¢) were calculated to provide a reference point for comparison. The
formulas for these averages are as follows:

1
AGDP pyq = szilAGDPi

GDP avg, 2020 — GDP apg,2000
GDP ayg,2000

GR pog =

A matrix plot was generated to visually represent the relationships between growth
rates and GDP per capita changes for each county. The x-axis of the matrix plot represents
the growth rate, while the y-axis represents the GDP per capita change. Additionally, the
average GDP per capita change and average growth rate are indicated as dashed lines on
the matrix plot. An empty matrix that we use to visualize the results of calculations is
shown in Figure 2.

According to our hypotheses, we assume that counties without a border, railroad,
or port infrastructure will demonstrate the least GDP per capita change and the slowest
economic growth. Furthermore, as we assume that both geographical position and railway
or water routes have a positive influence, we expect the counties with at least two of these
factors, and especially combining all three of them, to demonstrate the best results.

We expect counties like Veszprem, Vas, Heves, and Jasz-Nagykun-Szolnok to appear
in zone A of the proposed matrix. Komarom-Esztergom, Gyor-Moson-Sopron, Somogy,
Hajdu-Bihar, Szabolcs-Szatmar-Bereg, Bacs-Kiskun, and Csongrad-Csanad, are expected to
be in zone D.



Economies 2023, 11, 278 7 of 20

Economic Matrix

MAX T
=== Avg. GDP Volume :
=== Avg. GDP Growth Rate :

Zone A :
Zone B !
Zone C :
Zone D i
|
|
|
|
|
|
|
|
|
|
g l
© |
o I
E |
. e
8 |
5 |
a |
[a) [
G [
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
MIN GDP Volume MAX

Figure 2. Empty matrix for representing results.

As the GDP per capita level varies throughout the country, the absolute change will
depend on the previous year’s parameters. We suppose that the growth rate is a more
critical parameter as it shows future development possibilities. We assume that during the
growth periods, counties with better connections to the world market will demonstrate
higher growth rates. To measure it, we calculate the growth rate for each county and
compare it with the total growth rate of Hungary. We assume that with 20 years of data,
we should find some patterns and see that counties with better objective obstacles more
frequently have a higher growth rate than the whole country. To do this, we perform
several steps:

1.  Calculate the average GDP per capita for all counties for each year;

2. Calculate the growth rate for each county for every year, comparing GDP per capita
at the current year with the previous;

3. Calculate the average growth rate for every year, comparing the average GDP per
capita at the current year with the previous;

4. Compare the growth rate of each county with the average growth rate in the same
years;

5. Calculate the number of years when the county’s growth rate was higher than the
average growth rate in the same year;

6.  Rank the counties according to the calculations.

Formally,
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1. Calculate the average GDP (AvgGDPy ) for year Y; as:
Len
AvgGDPy, = Nzl Ci

where:

N is the total number of counties;

C; is the GDP per capita of the county I;

Y; is the year ¢, where t ranges from 2000 to 2020.

2. Calculate the growth rate (GR; y,) of county i for year Y; as:

Ci—Ci(Yi1)

Riy, =
CRix, Ci(Yi-1)

x 100

3. Calculate the total growth rate (Total GRy,) for year Y; as:

N
C;—Gi(Y;
Total GRy, = L1 (€= GlYien)) | g

1 Gi(Yi-1)

4. Compare the growth rate of county i with the total growth rate for year Y;:

GRi’yf > TOtalGRYt 01
GRi,yt < TOtalGRy25 :0

5. Calculate the number of years (HigherYears;) when the growth rate of county i was
higher than the total growth rate:

2020
HigherYears,; = Z Comparison, y,
+=2001

6. Rank the counties based on HigherYears;, where a higher value indicates a higher
rank.

We perform all the calculations using Python code.

4. Results
4.1. Characteristics of Regional Differences in the Economic Development of Hungary

Like most small European countries, Hungary exhibits a substantial concentration
of economic activity in its capital region. As of the end of 2020, Hungary’s GDP stood at
HUF 47.9 billion, with 48% of this total, or 22.4 billion forints, stemming from the capital,
Budapest, and the surrounding metropolitan area of Pest. This concentration primarily
arises from the presence of head offices of Hungarian companies within the metropolitan
area. The distribution of the remaining GDP significantly depends on the economic poten-
tial of non-capital counties, underscoring the importance of assessing regional economic
development. To assess the impact of factors like proximity to international borders and the
presence of railway and water routes on the levels and rates of economic development in
Hungarian counties more accurately, we excluded the capital, Budapest, and its metropoli-
tan area, Pest, from our calculations. Table 2 provides an overview of the analyzed regions
and their assigned codes for subsequent processing. In the provided codes, “B” signifies
that the region borders a neighboring country. “R” indicates the presence of significant
railway connections within the region, while “P” denotes the existence of major freight
river ports.
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Table 2. Analyzed counties and their labels.

County Border Region Railroad River Ports Label
Fejer False True False Fej_R
Komarom-Esztergom True True True Kom_BRP
Veszprem False False False Ves
Gyor-Moson-Sopron True True True Gyo_BRP
Vas False False False Vas
Zala True False False Zal_B
Baranya True False False Bar_B
Somogy True True False Som_BR
Tolna False False True Tol P
Borsod-Abauj-Zemplen True True False Bor_R
Heves False False False Hev
Nograd True False False Nog_B
Hajdu-Bihar True True False Haj_BR
Jasz-Nagykun-Szolnok False False False Jas
Szabolcs-Szatmar-Bereg True True False Sza_BR
Bacs-Kiskun True False True Bac_BP
Bekes True False False Bek_B
Csongrad-Csanad True False True Cso_BP

We can see from the table that some counties have multiple attributes (e.g., Komarom-
Esztergom or Gyor-Moson-Sopron with all three labels), and others have none (e.g., Vas
with no labels). The following subsection will illustrate the relationship between geograph-
ical characteristics, such as proximity to international borders or major railroads or ports,
and critical economic development indicators.

In our study, we have explored economic indicators for individual counties in Hungary
in recent years, with a specific focus on GDP per capita. Unlike the traditional GDP, GDP
per capita provides a per-person measure of economic well-being and offers a more accurate
reflection of the average economic conditions in a region. By utilizing GDP per capita,
we gain a more nuanced understanding of regional economic disparities, which can be
invaluable for policy analysis and development strategies.

Figure 3 shows the economic performance of Hungarian counties between 2000 and
2020. Throughout all the years presented, the top ranked counties in terms of economic
development have been border regions focused on trade with Hungary’s key partners—
Austria, Germany, Romania, and Slovakia. The leading county among non-capital counties
is Gyor-Moson-Sopron, located on the western border of Hungary. In 2020, the GDP of
this county was HUF 2.64 billion, which was 10.55% of all non-capital counties in Hungary.
This county is consistently one of the economic leaders among the non-capital counties
of Hungary. The average share of this county from 2000 to 2020 was 10,39%, with the
minimum indicator of 9.11% in 2005, and the maximum of 11.57% in 2016. If we use
GDP per capita as an indicator, we see the same picture. In 2022, the GDP per capita in
Gyor-Moson-Sopron was HUF 5617 thousand, the best result for all non-capital counties in
Hungary. The average share of this county form 2000 to 2020 was 8,87%, with the minimum
indicator of 8.25% in 2005, and the maximum of 9.64% in 2016.
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Figure 3. Economic Performance of Hungarian Counties (2000-2020). Source: Compiled by the
authors based on data from the Hungarian Central Statistical Office.

In second place according to the GDP indicator for non-capital counties is Borsod-
Abauj-Zemplen, located in the northwest of the country. Its share in GDP in 2020 was
4.59%. This is the average for the period 2001-2020. The share of the GDP of Borsod-Abauj-
Zemplen in the Hungarian economy ranged from 4.12% in 2010 to 4.94% in 2017. Thus,
the top rankings belong to two border counties oriented towards Hungary’s western and
northeastern foreign trade partners. However, if we use GDP per capita as an indicator,
the rank of Borsod-Abauj-Zemplen is much lower. In 2022, the GDP per capita in Borsod-
Abauj-Zemplen was HUF 3534 thousand, only 11th place among all non-capital regions in
Hungary. We combined the average indicators of GDP and GDP per capita in 2000-2020 in
Table 3.

As mentioned earlier, in our further study we will use GDP per capita as our main
indicator. The level of GDP per capita in neighboring counties can differ significantly. So,
for example, Vas and Veszprem counties, which neighbor Gyor-Moson-Sopron county, had
the average share of all non-capital counties in Hungary in 2000-2020 equal to 6.20% and
5.58%, respectively. At the same time, Vas county, like Gyor-Moson-Sopron county, is a
border region and, in terms of its geographical location, is as close as possible to Hungary’s
critical foreign trade partners. The neighbor county of Borsod-Abauj-Zemplen, the county
of Nograd, lags behind it more noticeably. Nograd county’s average share of all non-capital
counties in Hungary in 2000-2020 was only 3.33%. This figure is the lowest in Hungary.
We can see in Table 2 that for GDP as an indicator the differences between the counties are
even larger.

Why do neighboring border counties in Hungary differ so much regarding GDP?
In the case of Nograd County, its low performance can be explained by the land area of
the county, which is several times smaller than the land area of Borsod-Abauj-Zemplen
County. However, the counties of Vas and Veszprem are not inferior in size to those of
Gyor-Moson-Sopron but are significantly behind in terms of economic indicators.
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Table 3. The average indicators of GDP and GDP per capita in 2000-2020, Hungarian non-capital

counties.

County lel‘;lelrif)%lz ?—I]I)Jll? Share A;:‘ag:pci;tzp Share

Thousands HUF
Gyo_BRP 1,606,457 10.39% 5617 8.37%
Fej_R 1,211,227 7.84% 4885 7.28%
Kom_BRP 905,693 5.86% 4750 7.08%
Vas 709,333 4.59% 4161 6.20%
Bac_BP 1,129,583 7.31% 4019 5.99%
Cso_BP 911,593 5.90% 3805 5.67%
Tol P 503,800 3.26% 3752 5.59%
Ves 775,825 5.02% 3740 5.58%
Hev 640,197 4.14% 3690 5.50%
Haj_BR 1,159,666 7.50% 3605 5.37%
Bor_R 1,324,959 8.57% 3534 5.27%
Zal B 665,379 4.30% 3519 5.25%
Jas 733,397 4.74% 3404 5.07%
Bar_B 754,868 4.88% 3307 4.93%
Som_BR 595,362 3.85% 3178 4.74%
Bek_B 633,023 4.10% 2995 4.46%
Sza_BR 927,052 6.00% 2885 4.30%
Nog B 270,438 1.75% 2237 3.33%

4.2. Calculating the Influence of Factors

We start by calculating the GDP per capita change over the past two decades. We
calculate the average GDP per capita change for 18 Hungarian counties, excluding the
capital region. In Figure 4, the average GDP per capita change is represented by a blue line,
while the change for every county is represented by a colored dot.

As the Hungarian economy has been growing over the last two decades, we can see
that the average GDP was positive each year, except for 2009. We can see on the graph that
some counties are much more frequently above or under the average line. This indicates
that the GDP change in these counties is either higher or lower than the average. We rank
all the counties in the following table due to the number of higher years.

According to our previous labeling, we have three groups of counties. We will label
them according to the Hypotheses’ numbers. The first group, H1, comprises ten counties
with a railroad or a port. The second group, H2, consists of 12 counties, which are border
regions. The third group, H3, consists of four counties that do not have any of these factors.
We can see from Table 4 that counties with multiple attributes rank higher. For example,
Komarom-Esztergom and Gyor-Moson-Sopron, with all three labels, are among the highest
ranked according to this parameter. On the other hand, the counties without proximity to
international borders or the presence of major railroads or ports rank much lower. Also,
we can conclude that only five counties experienced higher than average GDP per capita
change in more than half of the years we had data for. And none of them is from the H3

group.
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GDP Change by County
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Figure 4. County-wise GDP change, 2001-2020.

Table 4. Ranking of Hungarian Counties by GDP Change Performance (2001-2020).

Rank County Label Number of Higher Years
1 Fejer Fej_R 16
2 Bacs-Kiskun Bac_BP 13
3 Gyor-Moson-Sopron Gyo_BRP 13
4 Komarom-Esztergom Kom_BRP 12
5 Zala Zal_B 12
6 Tolna Tol_P 10
7 Csongrad-Csanad Cso_BP 10
8 Vas Vas 10
9 Baranya Bar_B 8
10 Heves Hev 8
11 Hajdu-Bihar Haj_BR 8
12 Veszprem Ves 7
13 Borsod-Abauj-Zemplen Bor_R 7
14 Jasz-Nagykun-Szolnok Jas 5
15 Somogy Som_BR 3
16 Bekes Bek_B 3
17 Nograd Nog_B 2
18 Szabolcs-Szatmar-Bereg Sza_BR 2

So, after this stage of calculations, we can confirm Hypothesis 3, as all four counties in
the H3 group have a lower ranking in the table. We can also take the results of the H1 group
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GDP per capita Growth Rate (%)

as a light confirmation because six of the 10 counties are among the highest ranked in the
table. As for H2, the results are divided 50/50, so we cannot see any proof or refutation
of these hypotheses. However, it is important to note that the GDP per capita change is
measured in absolute numbers. So, the counties with higher GDP per capita in previous
years will have better results in a growing economy. In such cases, whether their high
ranking is solely attributable to the analyzed factors is uncertain, as it could also result
from previous advantages. To deal with this problem, we decided to calculate the growth
rate of all counties. We suppose that the counties that are closer to borders, and/or have
ports and railroads, will demonstrate higher growth rates, as this is crucial in Hungary, a
highly open economy oriented mainly toward the world market instead of the inner one.
We programmed all the calculations in Python. The results are presented in Figure 5.

GDP per capita Growth Rate by County

o
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Figure 5. County-wise GDP per capita growth rate (2001-2020). Source: Compiled by the authors in
Python based on data from the Hungarian Central Statistical Office.

This graph illustrates various counties” annual GDP per capita growth rates over a
two-decade period, from 2001 to 2020. Each data point represents the percentage growth
rate in GDP per capita for a specific county in Hungary. The counties are plotted as scattered
dots, with each county represented by a different color. The line graph depicts the average
GDP per capita growth rate across all counties yearly, providing insights into regional
economic trends and disparities. The graph highlights the dynamic nature of economic
growth, enabling viewers to compare individual county performance with the overall
average throughout the years. Table 5 shows the ranking of Hungarian counties by GDP
per capita growth rate performance.
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Table 5. Ranking of Hungarian counties by GDP per capita growth rate performance (2001-2020).

Rank County Label Number of Higher Years
1 Bacs-Kiskun Bac_BP 11
2 Zala Zal B 11
3 Fejer Fej_R 10
4 Tolna Tol P 10
5 Szabolcs-Szatmar-Bereg Sza_BR 10
6 Heves Hev 10
7 Komarom-Esztergom Kom_BRP 10
8 Csongrad-Csanad Cso_BP 10
9 Gyor-Moson-Sopron Gyo_BRP 10
10 Somogy Som_BR 9
11 Baranya Bar_B 9
12 Nograd Nog_B 9
13 Hajdu-Bihar Haj_BR 9

14 Borsod-Abauj-Zemplen Bor_R 9
15 Bekes Bek_B 9
16 Jasz-Nagykun-Szolnok Jas 9
17 Vas Vas 8
18 Veszprem Ves 7

We can see from the table that the differences between the top and bottom ranked
counties are not as significant as in Table 4. Occasionally, all counties demonstrate a growth
rate higher than the average. Still, we can assume that the number of these years tells us
about some advantages of development opportunities.

Let us check our hypotheses once again. We can see from Table 5 that our Hypothesis
3 is the truest. All four counties without a border, port, or major railroad are in the bottom
half of the table. Moreover, three of them are in the last positions. This means that most of
the time, even in the growing economy, they grow with less speed. Combining this with
the results from Table 4, we see that these counties lag behind the leading counties year by
year, leading to increased economic differences within the country.

We can also take the results as a partial confirmation of Hypotheses 1 and 2, as the
lowest result for a county with a port or railroad is nine advantaged years of 20. We can
also conclude that the counties combining all three factors have the best opportunities
for economic development. To finalize our calculations and visualize all the results, we
prepared a Python code for the combined calculation of growth rate and GDP per capita
change. We printed a matrix demonstrating the top and bottom ranked of the non-capital
Hungarian counties (Figure 6).

According to the matrix, the 18 counties are divided into four zones. There are six
counties in zone A, which means that these counties demonstrate both a growth rate and
GDP per capita change worse than the average. Among these counties, there are Veszprem,
Zala, Baranya, Somogy, Bekes, and Nograd. There are four counties in zone B, which means
that they have higher than average volumes of GDP per capita change but lower than
average growth rates. Among these counties, we can see Gyor-Moson-Sopron, Fejer, Vas,
and Tolna. Three counties with higher growth rates and lower GDP per capita change
are presented in zone C. Those are Hajdu-Bihar, Jasz-Nagykun-Szolnok, and Szabolcs-
Szatmar-Bereg. Finally, five counties in zone D are among the top ranked, both by growth
rate and GDP per capita change. These counties are Komarom-Esztergom, Bacs-Kiskun,
Csongrad-Csanad, Heves, and Borsod-Abauj-Zemplen.
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Matrix Plot: GDP per capita Change vs Growth Rate
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Figure 6. GDP per capita change and growth rate matrix for non-capital Hungarian counties (2000
2020).

We use the matrix to check our hypotheses once again. Hypotheses 1 is not proved,
as we can see border counties in all four zones of the matrix. Zala and Nograd, despite
their positions close to borders, demonstrate worse results both in growth rate and GPD
per capita change. On the other hand, two leading counties are also close to borders—
Borsod-Abauj-Zemplen in the northeast and Komarom-Esztergom in the northwest. We
can draw the conclusion that closeness to a border can be a solo factor influencing the
county’s economic development.

There are ten counties which have major ports and/or railroads. Only one of these
counties is located in zone A. In zone D four of the five counties are from the H2 group.
We can see in the matrix that the absolute majority of H2 counties outperform the average
indicators. So, we can assume the Hypothesis 2 is proved. We can also draw an additional
conclusion that combining closeness to borders, ports, and railroad infrastructure, as can
be seen in Gyor-Moson-Sopron or Komarom-Esztergom, allows a county to achieve the
best results.

As for Hypothesis 3, we can draw a conclusion that the absence of a major port and
railroad infrastructure, as well as an inner geographical position, is not really crucial in the
case of such a small country like Hungary. Although three of the four H3 counties have
lower than average results for growth rate and GDP per capita change indicators, one of
them, Heves, is present in zone D of the matrix. The growth potential can be based on other
factors not explored in our research. Yet, we can say that the absence of all three factors
makes rapid economic development more difficult. To check our conclusions, we prepared
a Python code for the same calculation for the GDP indicator. The matrix is shown in
Figure 7.
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Figure 7. GDP change and growth rate matrix for non-capital Hungarian counties (2000-2020).

Source: Compiled by the authors in Python based on data from the Hungarian Central Statistical
Office.

The lag of the regions of group H3 when calculated by GDP is much more noticeable,
as is the ranking of the counties in which all three factors are represented. We can see
that eight of all non-capital counties have lower than average GDP change and lower than
average growth rates. These low ranked counties, year by year, have weakened economic
positions compared with the rest of the country. We can see that seven of these counties
have only one or zero of the factors we evaluate. On the other hand, six counties have
higher than average GDP change and higher than average growth rates. And five of
these counties have at least two of the evaluated factors. Moreover, both counties with
all three factors are ranked top: Komarom-Esztergom has the highest growth rate, and
Gyor-Moson-Sopron has the highest GDP change.

Using GDP as an indicator makes our previous conclusions more obvious. We can
draw a conclusion that the presence of at least two of the evaluated factors significantly
influences the county’s development potential. As a result, we see that the differences in
the economic potential of individual counties are only increasing each year. Using GDP
per capita as a key indicator slightly reduces the level of difference, but does not reverse
the overall trend. However, the value of proximity to borders turns out to be less than
expected, and the availability of a developed transport infrastructure suitable for large
volumes of cargo transportation is of paramount importance.

5. Discussion

In our comprehensive analysis of Hungary’s regional economic disparities spanning
two decades, from 2001 to 2020, we focused on proximity to international borders and the
presence of major railroads and ports as critical determinants of economic trajectories.

We shed light on the significant influence of geographical factors on economic growth
at the county level. Specifically, our study focused on proximity to international borders
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and the presence of major railroads and ports as critical determinants of economic tra-
jectories. The factors that we chose for our analyses are parts of major research objects,
which are among the topics of interest for many researchers. Gallup et al. delve into the
relationship between geographical factors and economic development and provide insights
into how spatial characteristics influence industrial performance and economic activity
(Gallup et al. 1999). Nordhaus discusses the often overlooked role of geographic factors in
macroeconomics and growth economics. It highlights aspects like climate, proximity to
water, and soil quality as influential factors in economic development (Nordhaus 2006). The
methodology presented in our article for analyzing the influence of individual factors on
absolute and relative changes in key economic indicators can also be applied to analyzing
the above-mentioned geographical factors.

Our investigation into the economic dynamics of Hungary offers insights that can be
of interest to researchers across European countries. Rasvanis and Tselios, for instance,
delve into the intersection of geography and institutional factors impacting entrepreneurial
activities, shedding light on how these elements affect business prospects and economic
growth in Greece (Rasvanis and Tselios 2023). Basboga’s exploration of border openness
and cross-border cooperation’s impact on regional growth in European regions under-
scores the role of cross-border activities in fostering economic development (Basboga 2020).
Neuberger et al. have scrutinized the relationship between regional innovativeness and
location factors, including proximity to borders (Neuberger et al. 2021). While our study
confirms the importance of border proximity, it also emphasizes that it cannot be the sole
determinant.

Similarly, Ferrari et al.’s focus on port activities in European regions highlights the
pivotal role of ports in local development (Ferrari et al. 2012). Additionally, Bottasso et al.’s
analysis of port activities on local development across European countries suggests that
ports have non-negligible effects on local GDP (Bottasso et al. 2014). Our research reaffirms
the positive impact of port infrastructure on local economic development. We find that these
geographical advantages significantly influence economic growth, with counties lacking
these advantages consistently experiencing slower economic expansion, thus exacerbating
regional disparities. Our findings align with those of scholars like Lugovoy et al. (2007)
and Chen and Hall (2011), who have observed similar trends in various regions.

Future research should aim to delve deeper into the intricate interactions between
geographical factors and other socioeconomic variables to enhance our understanding
of this multifaceted topic. Moreover, investigating policy interventions and institutional
development, as suggested by Rodrik et al. (2004), can play a vital role in mitigating
regional economic disparities, not only in Hungary but also in regions confronting similar
challenges.

6. Conclusions

In our detailed examination of economic performance across Hungarian counties
over the past two decades, we focused on three critical factors: proximity to international
borders, significant ports, and major railway junctions. Utilizing GDP per capita as our
principal indicator, we discerned a complex narrative of regional disparities and growth
opportunities within Hungary. Our study reaffirms the complexity of these three factors
in influencing economic growth. Counties without the advantage of border proximity,
significant ports, or major railway junctions, such as Jasz-Nagykun-Szolnok, Vas, and
Veszprem, consistently exhibit slower economic growth. This reaffirms that the absence of
these specific advantages poses substantial challenges in fostering economic development,
causing these regions to fall below national average development indicator levels frequently.
To enhance our analysis and present our findings more effectively, we employed Python
coding to create a matrix, categorizing counties based on their economic performance.
This methodological approach allowed for an in-depth validation of our hypotheses and a
nuanced understanding of the multifaceted economic landscape in Hungary.
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Our findings also provide a nuanced view of the effects of border proximity on eco-
nomic performance. While Hypothesis 1, focusing on border proximity, is not universally
confirmed—with border counties present in all four matrix zones—it is clear that this
factor alone does not guarantee superior economic outcomes. Notably, while Zala and
Nograd are close to borders, they underperform in both growth rate and GDP per capita
change. However, border proximity does contribute significantly to the success of top
ranked counties like Borsod-Abauj-Zemplen and Komarom-Esztergom, suggesting that
while border closeness is not a standalone factor, it can contribute positively in certain
contexts.

Regarding the presence of significant ports and railway junctions, our analysis con-
firms Hypothesis 2. The majority of counties benefiting from these infrastructures outper-
form average economic indicators. Specifically, four out of five counties with the highest
performance in both growth rate and GDP per capita change possess these logistical ad-
vantages. Our data suggests that these factors, especially when combined with border
proximity, as seen in counties like Gyor-Moson-Sopron and Komarom-Esztergom, create
the most conducive conditions for economic prosperity. For Hypothesis 3, our results
indicate that while the absence of significant ports and railway infrastructure, coupled
with an inland position, generally correlates with lower economic performance, it is not
definitively detrimental in Hungary’s context. An example is Heves county, which exhibits
high performance despite lacking these three factors. This suggests that other unexplored
factors may also significantly influence economic growth.

In conclusion, our research highlights the intricate interplay between border proximity,
ports, and railway junctions in regional economic performance in Hungary. While the
absence of these factors can impede growth, their presence—especially in combination—
offers substantial economic opportunities. Understanding these regional disparities is vital
for stakeholders and policymakers committed to fostering balanced growth and national
prosperity. It is also clear that further research might uncover additional factors that
contribute to the economic vitality of Hungary’s counties, providing a more comprehensive
picture of development drivers.
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