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Abstract

Transport infrastructure is commonly viewed as a key driver of development, although
its actual contribution remains debated and appears to be dependent on geographical and
economic context. This study investigates the impact of transport infrastructure on regional
economic growth in Romania, with a particular focus on spatial spillover effects. Using
panel data for Romanian regions over the period 2000-2024, the analysis applies spatial
econometric techniques to capture both direct and indirect effects of transport infrastructure
and economic factors. A structured model selection procedure, based on Lagrange Multi-
plier tests and robust diagnostics, supports the use of the Spatial Autoregressive Model
(SAR) as the preferred specification. The results reveal significant spatial dependence in
regional economic performance, indicating that growth processes extend across regional
boundaries. Nonetheless, the findings show that transport infrastructure does not exert a
statistically significant direct effect on economic growth once spatial and structural factors
are controlled. Instead, labor and private gross capital formation emerge as the primary
drivers, generating both strong local impacts and substantial spillover effects. These re-
sults suggest that transport infrastructure acts mainly as an enabling factor rather than a
standalone driver of growth, making the concept of “political mythification” of transport
infrastructure effectiveness relevant in the Romanian context.

Keywords: transport infrastructure; regional economic growth; spatial autocorrelation;
spillover effects; SAR model

1. Introduction

Transport infrastructure is widely recognized as a fundamental driver of economic
development, shaping the spatial organization of production, trade, and mobility across
regions. Investment in transport infrastructure (both network links and terminals) is
a necessary condition for economic growth. However, its effectiveness also depends
on positive economic externalities, such as urbanization and a skilled labor force, as
well as political factors, including funding sources and the scale of investment [1]. By
reducing transport costs and improving connectivity, infrastructure investments facilitate
the movement of goods, labor, and knowledge, thereby influencing regional productivity
and growth [2-9]. However, these effects are not limited within administrative boundaries.
Instead, they extend across space through spatial spillovers, generating interdependencies
between regions and contributing to uneven development patterns [10].
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Within the European Union, addressing regional disparities has been a long-standing
policy objective, supported by substantial investments in transport infrastructure through
cohesion policy and trans-European networks. While some regions benefit from high
levels of connectivity, diversified economies, and strong integration into trans-European
networks, others continue to face structural constraints, limited accessibility and weaker
economic performance, particularly in Central and Eastern European countries [11-14].
European cohesion policy has long emphasized the role of transport infrastructure in reduc-
ing these imbalances, aiming to improve territorial integration and promote more balanced
development. The extent to which infrastructure investments effectively reduce disparities
depends on how their benefits are distributed across space and whether they extend beyond
the regions in which they are implemented [14]. Despite these efforts, significant differences
in accessibility and economic performance persist. Romania represents a relevant case
in this context, characterized by pronounced regional disparities, uneven infrastructure
development, and varying degrees of integration into European transport corridors. In
Romania, regional disparities are particularly pronounced, reflecting differences in eco-
nomic structure, investment levels, and connectivity. Although substantial investments
in transport infrastructure occur in recent decades, disparities in both accessibility and
economic performance persist. This raises important questions regarding the effectiveness
of infrastructure policies in promoting balanced regional development and the extent to
which benefits spread across regional boundaries.

This study explores the direct and spatial spillover effects of transport infrastructure
on regional economic growth in Romania. The paper provides empirical evidence on how
infrastructure investments shape regional development patterns in an emerging European
economy. Three research hypotheses are formulated:

H1 (Direct effect). Transport infrastructure has a positive and statistically significant direct effect
on regional economic growth in Romania. Regions with higher infrastructure endowment exhibit
higher growth rates.

H2 (Spatial spillover effect). Transport infrastructure generates positive and statistically signifi-
cant spatial spillover effects on economic growth in neighboring regions. Infrastructure improve-
ments in one region increase growth in adjacent regions.

H3 (Disparities effect). Spatial spillover effects contribute to reducing regional disparities in
economic growth. Spillovers are relatively stronger in less-developed or lower-accessibility regions,
indicating convergence dynamics.

Beyond the national context, the findings have broader implications for understanding
infrastructure-leading development in a global perspective. It has been shown that the
variation in results is not only attributed to methodological limitations or differences but
also reflects the influence of distinct geographical factors [15-17]. The results contribute
to the growing literature on spatial economic interactions and offer insights relevant
for policymakers seeking to enhance the effectiveness of infrastructure investments in
promoting balanced regional growth.

The remainder of the paper is structured as follows: Section 2 reviews the relevant
literature on transport infrastructure effects on regional development. This is followed by a
description of the study area, data and methodology, including the specification of spatial
econometric models. Section 4 thoroughly details the results. Next, the empirical results
are subsequently discussed in relation to econometric models, key growth drivers, and
both direct and spillover effects in Romania. Policy implications and directions for future
research are outlined. The last section draws the main conclusions of the study.
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2. Literature Review

Many studies have reported strong positive effects of transport infrastructure (roads,
railways, airports, and ports) on economic growth, while other research has highlighted
negative or weak effects, as well as substantial heterogeneity across regions and over time.

Empirical findings indicate that improvements in transport infrastructure have a sta-
tistically significant positive effect on local Chinese economic growth [18]. Across models
employing different spatial weight matrices, only the specification based on population
density reveals negative spillover effects. This outcome can be explained by the high
mobility of the population: enhanced transport connectivity facilitates migration from
less developed areas toward more prosperous regions. While infrastructure investments
stimulate growth in developed areas, they may also hinder economic progress in less
developed regions. Hong et al. [6] found that various modes of infrastructure contributed
to economic performance differently across Chinese regions. Land transport infrastructure
has the greatest impact on economic development, followed by water transport and airway
transport infrastructure. Regional disparities persist, and insufficient transport infrastruc-
ture is responsible to the slower economic development of Western and Central China. In
the same way, the economic impact of the Chinese high-speed rail development varies
considerably across cities, showing clear disparities [19]. It tends to generate strong positive
effects in economically advanced cities, while having negative or negligible impacts in
less developed or declining regions. The high-speed rail can reinforce existing regional
inequalities through both growth-enhancing and drain off effects. Equally, the expressway
connections do not affect all regions in the same way [20]. While richer areas tend to benefit,
poorer counties often rely on more polluting technologies and see higher levels of emis-
sions. The results of Wang et al. [21] indicate that logistics infrastructure is an important
driver of economic development in China, with maritime transport playing a significant
role in supporting trade and growth. Still, no clear link is found between air transport
infrastructure and economic growth, although China turns toward high-tech industries,
where air transport may become increasingly important. Kim et al. [22] reveal that once
the highways become operational, their influence on economic growth (GDP expansion)
and exports is clearly positive. Improved infrastructure boosts production capacity and
enhances price competitiveness, which in turn contributes to increased export growth. Also,
the enhancement of the accessibility contributed to the improvement of regional economic
equity in Korea. A bi-directional causality between economic growth and infrastructure
investment was also observed in Central Asia (Armenia, Georgia, Turkey) [23].

The study of Saidi et al. [24] focusing on MENA (the Middle East and North Africa)
countries showed that transport infrastructure positively contributes to economic growth in
all regions by decreasing congestion, promoting the use of energy-efficient transport modes
and alternative technologies, increasing the attractiveness of regions and therefore encour-
aging foreign direct investment inflows. The Belt and Road initiative in Eastern Africa
promotes trade and economic growth through transport infrastructure development [25].

An analysis for EU-28 countries showed that transport infrastructure has a significant
and positive impact on economic growth, with a clear long-run causal relationship between
the two [26]. This relationship is improved by the quality of public sector performance,
being more effective when supported by strong institutions and sound policies. Similarly,
Gherghina et al. [27] observed a clear positive relationship between investment in road
transport infrastructure and economic growth. Spending on road infrastructure generates
direct employment, attracts investors, and enhances firms” productivity. The impact of
high-speed rail on economic growth varies depending on the level of regional development
and local conditions [28]. More developed regions experience greater convergence and
growth effects, while less developed regions may see more limited or uneven gains. The
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effectiveness in promoting economic growth depends on connectivity with local networks.
In the UK, the impact of transport infrastructure on economic growth is not uniform over
time [29]. Over the long term, expanding transport infrastructure has a clear and positive
effect on economic growth, whereas in the short term the impact can be negative. Raising
the connectivity of the transportation network and increasing the number and density of
network nodes are solutions to support a better regional economic integration. Transport
infrastructure in Croatia, particularly road network improvements, has a heterogeneous
impact on local development, showing positive effects in the hinterland but statistically
insignificant impacts on the coastline [30]. Positive effects of the investments in trans-
port infrastructure are reported for Spain [3,31], Germany, France, Italy [32], Greece [33],
Poland [34], Latvia [35], and Switzerland [36]. The results suggest that there is a clear
link between the development of major cities and higher-level infrastructure, while this
relationship is much weaker at the broader regional level. At the same time, the findings
indicate that large-scale infrastructure investments tend to have the strongest impact during
the early stages of economic development, with their influence diminishing as regions
become more advanced [34,37,38].

Other research has highlighted negative or weak effects, as well as substantial hetero-
geneity across regions and over time. Deng [39] considered that the validity and significance
of transport capacity as a driver of productivity and economic growth remain uncertain and
questionable. The connectivity characteristic of transport infrastructure enables spillover
effects that may either enhance or hinder productivity and economic growth in neigh-
boring regions. Accordingly, the purported economic benefits of transport infrastructure
investment in one region may entail costs borne by others. In the absence of interregional
coordination, a level of investment that appears appropriate for a specific region may
generate adverse consequences for neighboring competing areas. Chen et al. [40] revealed
that transportation infrastructure inequality plays a dual and evolving role in economic
development. While it may initially support growth by fostering agglomeration, it ulti-
mately contributes to unbalanced development across national and regional scales and
can become a structural bottleneck that hinder overall performance. Proximity to large
urban areas tends to yield either higher output or lower costs, yet empirical results vary
considerably. This suggests that outcomes are contingent upon geographic specificities
and methodological choices [5,41]. Also, polarization effects dominate the early phase,
giving way to diffusion effects as maturity is reached [42]. Konno et al. [10] demonstrated
that road infrastructure has an inverse correlation with regional productivity, spillover
effects are directly positive, while the net effect is positive but insignificant. Sometimes
the economic development cannot be attributed solely to transport infrastructure or its
contribution is insignificant [43,44]. Li et al. [45] found that the urban—industrial land use
efficiency system and accessibility of the highway networks system were not mutually
improved. Rietveld [15] concluded that is a limited impact of transport infrastructure
on spatial economic development. Transport infrastructure, by itself, does not appear to
have a significant impact on regional economic growth in Europe, especially once a basic
level of infrastructure is already achieved [37]. This suggests that relying on infrastructure
investment as the main driver of growth may not be as effective as often assumed. Instead,
other factors play a much more important role, particularly increasing accessibility, ag-
glomeration and proximity, investment in research and development, the ability to absorb
innovation, employment, and migration [1,38,46,47]. These elements contribute directly to
productivity and long-term economic performance. The findings also raise concerns about
how resources are allocated. There is strong political interest in the economic impact of
transport infrastructure investments. Business groups, companies’ associations, as well
as regional authorities, often assume that these investments bring substantial economic
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benefits. In this respect, Offner [48] use the term of “political mythification”. He challenges
the dogmatic belief that building transport infrastructure automatically generates regional
wealth. The transport infrastructure benefits are often treated as an absolute truth, rather
than a variable outcome that depends on complex local conditions. The most relevant
drivers of political mythification are:

e  Environmental shielding: national governments use the promise of massive economic
returns to neutralize criticism from environmentalists regarding habitat destruction
and carbon emissions.

e  Structural effect fallacy: decision-makers rely on the assumption that transport infras-
tructure automatically triggers regional development.

e Biased feasibility studies: technical and economic appraisals are frequently manipu-
lated to overestimate future traffic volume and underestimate total construction costs.

As a result, several adverse outcomes may arise:

e “White elephant” projects: public resources are allocated to underutilized and exces-
sively costly projects rather than to high-return investments in education, healthcare,
or innovation.

e  Vacuum effect: connecting a lagging region to a wealthy economic center often
drains the poorer region of its capital, businesses, and skilled labor, worsening
regional inequality.

e  Erosion of public trust: when the promised economic boom fails to materialize, public
faith in state planning, economic experts, and democratic institutions declines.

3. Methodology
3.1. The Study Area

Romania, located in Eastern Europe and a member of the European Union since 2007,
provides a relevant case for examining the relationship between transport infrastructure and
regional economic development (NUTS 2). The country is divided into eight development
regions (North-West, Center, North-East, South-East, South, Bucharest-Ilfov, South-West,
and West) created under the EU’s cohesion framework (Figure 1).

The empirical analysis is conducted at the level of the eight Romanian development
regions (NUTS 2), which represent the official territorial units used for regional develop-
ment planning and the allocation of European Union cohesion policy funds. Although the
number of cross-sectional units is relatively small for spatial panel estimation, the use of
NUTS 2 regions is appropriate because regional economic policy and transport infrastruc-
ture planning in Romania are primarily formulated and implemented at this administrative
level. These regions display significant disparities in terms of economic performance, in-
frastructure endowment, and accessibility [49,50]. From an economic perspective, Romania
has experienced sustained growth over the past two decades but unevenly distributed.
The Bucharest-Ilfov region stands out as the main economic hub, concentrating a large
share of GDP, foreign direct investment, and high-value services. Also, the West and
North-West regions experienced dynamic economic evolution. In contrast, regions such
as North-East and South-West lag behind, facing structural challenges including lower
productivity, weaker connectivity, and limited investment attractiveness [51-53]. Recent
articles investigating Romania’s regional development [54,55] provided a multidimensional
approach to regional polarization and unequal development, emphasizing the eminent role
of large urban growth poles.

Transport infrastructure development in Romania has been a central component of
national and European policy agendas, particularly through EU Cohesion and Structural
Funds. The country’s transport network includes road, rail, air, and inland waterway
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systems, with roads—especially highways—playing a dominant role in recent investments.
Despite progress, Romania still faces notable infrastructure gaps compared to other EU
member states, particularly in terms of motorway density and quality of rail services [51,56].
Western regions benefit from better connections to Central European markets, while eastern
and southern regions remain relatively peripheral. This uneven accessibility influences
regional economic dynamics, as improved connectivity tends to facilitate trade, labor
mobility, and investment flows. In this context, transport infrastructure is considered a
key factor shaping regional growth patterns in Romania. Romania represents a compelling
study area for analyzing how transport infrastructure development interacts with regional
economic growth, highlighting both its potential benefits and its limitations in addressing
territorial inequalities.

47°N

Regions NUTS 2
North-East
—‘ South-East
South
South-West
West
North-West

. Center

Bucharest-lifov

Latitudine
5
z

o |South-East|
South-West}  [South]

Bucharest-llifov

44°N

Longitudine

Figure 1. Romanian economic developments regions (Source: Eurostat GISCO—NUTS 2021 https:
/ /ec.europa.eu/eurostat/web/gisco/geodata/statistical-units/ territorial-units-statistics, accessed
on 5 February 2026).

3.2. Variables

The analysis is based on a panel dataset covering Romania’s development regions
over the years 2000-2024. All data were obtained from the Romanian National Institute of
Statistics (INSSE), Tempo Online database (http://statistici.insse.r0:8077/tempo-online/
#/pages/tables/insse-table, accessed on 20 February 2026), which provides harmonized
annual regional statistics for Romania, according to EU specifications. The selected variables
are intended to reflect the main economic, social, and spatial factors that influence regional
growth (Table 1).
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Table 1. Definition and role of intended variables.

Variable Name Description Role in the Model
Dependent variable capturing the level of regional
Regional GDP per capita economic performance. It reflects both productivity
GDPPC [EUR] and income effects and serves as the main outcome
influenced by infrastructure and
spillover mechanisms.
Core infrastructure variable representing the
Road density spreading of road transport networks. It depicts direct
ROADD [km /100 km?] effects on regional growth through enhanced mobility
of goods. It still represents the major road
transport infrastructure.
Key infrastructure variable representing the
availability of highway networks. It captures direct
Highway density effects on regional growth through reduced transport
HWAYD [km /1000 km?] costs and improved mobility of goods and people
across national and international territory and
represents the backbone for connecting to the
European TEN-T network.
Complementary infrastructure variable reflecting
Rail density rail-based connectivity. Its effect captures alternative
RAILD [km /1000 km?] transport channels, particularly relevant for freight
and long-distance mobility, though expected to be
heterogeneous across regions.
Private production factor control, capturing physical
Private gross fixed capital formation capital accumulation. It controls for regional
PCAPIT [105 EUR] investment dynamics that directly influence output
and productivity. It is a major driver of development,
trade flows and level of life increasing.
Labor input variable, representing the scale of
LABOR Total regional employment economic activity. It accounts for differences in
[10% employes] workforce size and supports a production-function
interpretation of the model.
Research and development Innovation and knowledge variable, capturing
R&D expenditure technological progress and long-term growth
[106 EUR] potential. It may also generate spatial knowledge
spillovers across regions.
.. Agglomeration proxy, capturing urban concentration
URB Share of urban population in ggeffects such }a)s ec}(;norlzlies ofg scale, knowledge

total population

spillovers, and labor market pooling.

GDP per capita is used as the primary indicator of economic performance, as it
effectively captures differences between regions and provides a consistent basis for com-
parison [6,57]. The main explanatory variables capturing the development of transport
infrastructure are road, highway and railway network density. These indicators reflect
the spatial intensity of transport networks and their capacity to support economic activ-
ity, market size, accessibility and regional connectivity [6,26,30,34,37,39,57]. In selecting
control variables, we incorporated private gross fixed capital formation, labor force, re-
search and development expenditure, and urbanization rate. These factors are widely
recognized in the literature as key drivers of economic growth and help ensure that the
model captures the main influences beyond transport infrastructure. Private gross fixed

capital formation is an important driver of economic growth, as it reflects private sector
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investment in assets such as machinery, buildings, and software. These investments signal
business confidence, while also supporting higher production capacity, innovation, and job
creation over time [3,18,26,29]. Labor force levels are fundamental drivers of production
capacity [3,18,26,57], while R&D intensity is crucial for long-term economic vitality [37,57].
Urbanization affects labor allocation, concentrates markets, services, reduces the cost of
doing business, trading goods, and accessing information, and through agglomeration
effect it might drain resources from neighboring zones [28,29,38,57]. All variables are
expressed in the model in logarithmic form to reduce skewness and heteroskedasticity and
to allow for elasticity-based interpretation, while ratio variables such as urbanization are
kept in levels.

3.3. Spatial Autocorrelation Test

The global Moran’s I index is used to assess the presence of spatial dependence in
regional economic performance. It evaluates whether the observed spatial distribution of
GDPPC is characterized by clustering, dispersion, or randomness by comparing values
across neighboring NUTS 2. A positive value of Moran’s I indicates positive spatial
autocorrelation, thus regions with similar levels of economic performance tend to group
into spatial clusters. A negative value suggests spatial dispersion, where rich regions
alternate with poor ones. A value close to zero implies a random spatial pattern with no
significant spatial structure.

The Moran’s I index for year ¢ (I;) is computed as follows:

N Y, N, wii (GDPPCy — GDPPC;) (GDPPC
LN wg YN (GDPPC;; — GDPPC;)2

GDPPC;)

7

it

I

where

- GDPPC;; is the value of the variable of interest (GDP per capita) in region i at time ¢,
- GDPPC; represents the mean value of GDP per capita across all regions in year t,

- N is the number of regions,

- wj; represents the spatial weight between regions i and j.

The spatial weights matrix W = [wjj] captures the structure of spatial interactions
between NUTS 2. To investigate the spatial autocorrelation, two forms of the spatial matrix
are used: (i) a rook-contiguity matrix and (ii) a distance-based matrix using k-nearest
neighbors (k = 3). The first specification is based on rook contiguity, where two regions are
considered neighbors if they share a common border:

i — {1, if regions i and j share a common border %)
g 0, otherwise ’

This approach is in line with Tobler’s first law of geography, reflecting the idea that spatial
autocorrelation is more likely to occur between regions with direct physical adjacency.

The second approach uses a k-nearest neighbors (KNN) matrix. Under this assumption,
each NUTS 2 is connected to its three closest neighboring regions based on geographical
distance between regional centroids. The spatial weights are defined as:

wij = 3)

_ ] 1, ifregions jis among the 3 nearest neighbors of region i
0, otherwise '

In both cases, the spatial weights matrix is row-standardized (¥ jw;; = 1). This transforma-
tion allows comparability across regions with different numbers of neighbors.
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3.4. Econometric Models Specification

The baseline econometric specification is given by the Ordinary Least Squares
(OLS) model:

K
In(GDPPC ) = o+ Y, BrXit + €its (4)
k=1

where

GDPPCj; is the dependent variable;

xkir—the regressor variables (In(ROADD), In(HWAYD), etc.);
Bir—the model coefficients;

¢;;—the error;

i =1,..., N—the region number;

t =1,..., T—the time period (year);

k=1, ..., K—the regressor number.

The coefficients By quantify the influence of the regressors on the dependent variable.
The pooled OLS model assumes homogeneity across regions and ignores unobserved
effects, which may lead to biased estimates. To control for unobserved time-invariant
heterogeneity across regions, the fixed effects model is specified as:

K
In(GDPPC ;) = a; + Z BrXkit + €its ()
k=1

where «; captures time invariant region-specific effects, such as geography or historical
determinants.

Regional economies are also subject to specific events over time (e.g., macroeconomic
crises or national policies). Therefore, a two-way fixed effect controls for both regional and
temporal heterogeneity:

K
In(GDPPC ) = a; + T + Y, BrXkit + i, (6)
k=1

where 7; represents time-specific effects such as nationwide policy changes, economic
conditions or geopolitical events.

The selection between fixed and random effects is evaluated using the Hausman
test [58]. Before estimating spatial econometric models, the presence of spatial dependence
is assessed using both global and local diagnostic tests. Global spatial autocorrelation is
evaluated using Moran's I statistic. In addition, Lagrange Multiplier (LM) tests are applied
to detect spatial dependence in the error term [59].

Spatial regression models allow us to uncover relationships between economic vari-
ables by accounting not only for their direct interactions, but also for the way they influence
each other across NUTS 2.

The first investigated spatial model is the Spatial Autoregressive Model (SAR):

N K
In(GDPPC ) = /\z% w;jIn(GDPPC ;) + kzl Brxkit + & + T + €y, 7)
= -
where
e  wj; are the elements of the spatial weight matrix W;
e  Ais the parameter that quantifies spatial dependence;
e  u; are regional fixed effects;
e  T; are year fixed effects.
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The SAR model extends the two-way fixed-effects panel specification by incorporating
spatial dependence through a spatially lagged dependent variable while simultaneously
controlling for unobserved regional heterogeneity and year-specific common effects. The
model assumes that GDPPC in a given region depends not only on its own economic
characteristics (the explanatory variables x;;), but also on the GDPPC levels of neighboring
regions, weighted by the spatial weight matrix W = [w;;]. This matrix reflects the consid-
ered spatial structure (rook-contiguity or KNN). The parameter A measures the strength of
spatial dependence:

e if A > 0, there are positive spillovers (advanced regions positively influence their
neighbors);

e if A < 0, negative spatial dependence arises (spatial divergence);

e if A =0, the model reduces to a standard regression without spatial effects.

The average direct effect is obtained as the mean of the diagonal elements of the matrix

DE = L[ (1-ew) 8] ®)

representing the average impact of a change in an explanatory variable on the same region.
The average indirect (spillover) effect is computed as the mean of the off-diagonal elements

IR = %Zil Zj#i [(I pr)_lﬁij, ©)

capturing the impact transmitted to neighboring regions through the spatial dependence
structure. Finally, the total effect is calculated as TEy = DEj + IE;.

The second instance, Spatial Error Model (SEM), considers that the dependence is
manifested in the error terms, not in the dependent variable as in SAR, suggesting that
there are unobserved factors with a spatial structure influencing the outcome:

K
ln(GDPPCZ-t) = Z BiXkir + Ui, (10)
k=1
N
Uy = AZ Wjjljt + €. (11)
j=1

Equation (10) is a standard regression form, while Equation (11) shows that the error
term u;; is spatially autocorrelated. ¢;; is the white noise (independent and identical
distributed). The parameter A points out the strength and direction of spatial dependence
in the error term:

e if A > 0, there is positive spatial correlation in the errors (similar shocks across adjacent
regions);

e if A <0, negative spatial correlation;

e if A =0, no spatial dependence and the model reduces to ordinary regression.

The third model is the Spatial Durbin Model (SDM) that incorporates spatial depen-
dence in both the dependent variable and the explanatory variables:

N K K
In(GDPPC ;) =AY w;In(GDPPC ;) + Y Brxpir + ), 6k
k=1 k=1 j

N
WijXkjt + €t (12)
=1 -1

SDM combines three key components:
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e  aspatial lag of the dependent variable A} jw;;In(GDPPC ]«t), capturing how outcomes
in neighboring regions affect region i, where A measures the strength of spatial depen-
dence (similar to SAR);

e the standard regressors x;;, where coefficients B reveal direct effects of local explana-
tory variables;

e spatial lags of the explanatory variables }_ jwj; xyj;, with coefficients 6y getting the
spillover effects from neighboring regions’ characteristics.

If 6; = 0, the model reduces to the SAR model, and if A = 0, it becomes a model with
only spatially lagged regressors.

The selection among the spatial regression models follows a structured economet-
ric procedure. Firstly, the Lagrange Multiplier (LM) tests detect the presence of spatial
dependence in data. When both spatial lag and spatial error dependence are indicated,
the analysis proceeds with the estimation of the more general SDM specification, which
encompasses both SAR and SEM as special cases. To determine whether the SDM can be
simplified, a Wald test [59] is employed to assess the joint significance of the coefficients
associated with the spatially lagged explanatory variables. This test evaluates whether the
SDM can be reduced to a more parsimonious specification.

4. Results
4.1. Data Descriptive Analysis

All computations were performed using R 4.2.1 programming language. Table 2
exhibits the descriptive statistics of the variables used in the analysis.

Table 2. Regions’ data characteristics.

Standard

Variable Mean . .. Median Min Max Skewness
Deviation
GDPPC 8014 7230 5960 1078 48,604 2.71
ROADD 51 43.1 36.2 30.7 178 2.27
HWAYD 4.52 8.16 1.52 0 57.1 3.10
RAILD 59.3 36.5 449 37.5 155 2.14
PCAPIT 1532 1745 970 185 12,450 3.45
LABOR 1015 161 947 785 1420 0.638
R&D 112 211 48.2 5.4 1495 4.23
URB 0.563 0.148 0.538 0.402 0.918 1.25

Regional GDP per capita (GDPPC) exhibits an average value of 8014 EUR, with a large
standard deviation, reflecting pronounced regional disparities. The strong positive skew-
ness (2.71) indicates that a small number of regions (Bucharest-Ilfov, West and North-West),
register significantly higher income levels compared to the rest. Transport infrastructure
variables also display considerable heterogeneity. Road density (ROADD) shows a high
dispersion, suggesting uneven development of road networks across regions. Highway
density (HWAYD) is particularly skewed (3.10), with many regions having very low or
zero values in earlier years (North-East, South-West), while a few regions experienced
substantial expansion. Similarly, rail density (RAILD) presents notable variation, although
less extreme than highways, indicating differences in legacy infrastructure across regions.
Economic control variables further highlight structural disparities. Private gross fixed capi-
tal formation (PCAPIT) shows a high degree of variability (skewness = 3.45), suggesting
that investment is concentrated in a limited number of regions. Research and development
expenditure (R&D) is the most unevenly distributed variable, with very high skewness
(4.23), indicating that innovation activities are heavily concentrated in a few economically
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advanced regions (Bucharest-Ilfov, North-West). In contrast, the labor variable (LABOR)
exhibits relatively low dispersion and flat skewness, denoting a more balanced distribution
of employment across regions. The urbanization rate (UURB) has moderate variation and
slight positive skewness, reflecting differences in the degree of urban concentration. The
descriptive statistics point to significant regional inequalities across regions of Romania.

4.2. Global Moran’s I Index

Moran’s I index for both rook contiguity and k-nearest neighbors (k = 3) reveals a
consistent pattern over the entire study period (Figure 2).

KNN (k=3)

—o— Rook

2005 2010 2015 2020 2025
Year

Figure 2. Moran’s I index for rook and KNN weighted matrix.

For the rook-based matrix, Moran’s I values are slightly negative in all years. None of
the associated p-values indicate statistical significance. Therefore, there is no clear evidence
that regions with similar levels of economic performance are systematically clustered
together, nor that regions with different performance are strongly dispersed. A similar
conclusion occurs from the KNN specification, although Moran’s I values are rather more
negative. All the p-values are above conventional significance thresholds. The results from
both weighting schemes show that the spatial pattern appears largely random.

4.3. Collinearity, Variable Selection and Ordinary Regression Testing

Due to the potential overlap between the regional development driving variables,
the multicollinearity is assessed using the Variance Inflation Factor (VIF). To ensure a
robust evaluation, VIF values are computed using pooled data across all regions and years,
capturing the overall correlation structure of the explanatory variables within the panel
(VIF-initial model column in Table 3).
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Table 3. Variance inflation factors.

Variable VIF—Initial Model VIF—Parsimonious Model
ROADD 10.63 2.00
HWAYD 4.59 3.75
RAILD 42.92 -
PCAPIT 26.82 2.76
LABOR 2.26 1.05
R&D 30.12 -
URB 22.30 -

The results indicate substantial multicollinearity among variables, especially those
related to infrastructure (road, rail, and highway density) and expenditures and social
activity (capital formation, R&D expenditures, and urbanization). This suggests that they
carry overlapping information and keeping all of them may compromise the stability of
the models. To address this issue, variables are retained or excluded based on two criteria:
(i) statistical evidence of multicollinearity (a VIF < 10 is recommended) and (ii) economic
evidence and theoretical representativity. Within the infrastructure group, highway density
is selected because its VIF is 4.59 and it captures direct effects through reduced transport
costs and improved mobility of goods and people across national and international territory
and represents the backbone for connecting to the European TEN-T network. The highway
construction has been accelerated over the past years in regions with limited investments
(North-East, South-West) and also in the perspective of EU ascension of Moldova and
Ukraine to provide their connection to the European network. The road density has a
VIF at the limit of the threshold. The variable is preserved in the condensed model due
to its role in supporting the highest share of cargo flows movement both for domestic
and international trade. Within the group of economic and social controls, private gross
fixed capital formation is retained as the key variable capturing extensive and intensive
technological development allowing economic scalability, jobs creation and labor migration.
Labor is maintained in the final specification, as it exhibits low multicollinearity and
represents a fundamental production factor. As a result, the final model specification
includes road and highway density, private gross fixed capital formation, and labor as
the core explanatory variables. This parsimonious specification ensures stable estimation,
avoids redundancy and collinearity, and preserves the economic interpretability of the
model (VIF—parsimonious model column in Table 3).

Given the relatively small cross-sectional dimension of the dataset (N = 8 regions)
and the moderate time horizon (T = 25 years), the Fisher-type panel unit root (Maddala—
Wu ADF) tests, estimated with a deterministic trend, failed to reject the null hypothesis
of a unit root for most variables, with the exception of LABOR. These results should be
interpreted with caution because the statistical power of panel unit root tests is limited
in small panels. The adopted two-way fixed-effects specification controls for unobserved
regional heterogeneity and common year-specific shocks, so the estimated coefficients are
identified from within-region variation over time rather than from common temporal trends.
Consequently, this study focuses on identifying and quantifying spatial spillover effects and
in assessing the relative importance of transport infrastructure and socioeconomic factors
for regional economic growth, rather than on modelling long-run time-series dynamics.

The selection between fixed and random effects is assessed using the Hausman test.
The Hausman test strongly rejects the null hypothesis of no systematic difference between
the fixed and random effects estimators (x> = 459.67, p < 0.001). The results indicate that the
fixed effects specification is preferred, suggesting that unobserved regional heterogeneity
(e.g., geographic position, historical development, regional investment policy) is correlated
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with the explanatory variables (infrastructure, labor, and R&D expenditure). The Romanian
regions’ evolution is not random, as consequence their intrinsic structural characteristics
are meaningful.

For the reduced model, Table 4 reports the results obtained from three model specifi-
cations: pooled OLS, fixed effects, and two-way fixed effects.

Table 4. Results of the ordinary econometric regression models.

Variable OoLS Fixed Effects Two-Way Fixed

Effects
ROADD 6.435 *** 0.117 *** 0.040
HWAYD 0.128 *** —0.032* —0.008
LABOR —1.336 *** —0.668 *** 0.508 ***
PCAPIT 0.771 *** 0.692 *** 0.104 **
Adjusted R? 0.952 0.956 0.557

Significance: *** p < 0.001, ** p < 0.01, * p < 0.05.

The comparison highlights how controlling for unobserved heterogeneity substantially
changes both the magnitude and the interpretation of the coefficients.

In the baseline OLS model, all variables are highly statistically significant, and the
model exhibits a high explanatory power (Adjusted R? = 0.952). Road and highway density,
and private gross capital formation have positive significant effects. The change in the sign
of the labor coefficient across model specifications highlights the importance of controlling
for common temporal effects. In the OLS and one-way fixed-effects models, employment is
influenced by nationwide developments affecting all Romanian regions simultaneously,
including labor market restructuring, demographic changes, and migration. Once year fixed
effects are introduced, these common temporal influences are absorbed by the two-way
fixed effects model, and the estimated coefficient becomes positive, indicating that increases
in regional employment are associated with higher regional economic performance after
accounting for common national trends.

The presence of regional fixed effects alters the results considerably. Road density
becomes positive and strongly significant, suggesting that, within regions, improvements
in road infrastructure are associated with higher economic performance. Private capital
formation (PCAPIT) remains positive and highly significant, confirming its role as a key
driver of growth. Labor continues to display a negative coefficient, indicating time-invariant
regional characteristics in employment process. Highway density remains weakly negative,
with only marginal statistical significance.

The two-way fixed effects model controls for both regional and time-specific hetero-
geneity. In this specification, the coefficient of labor becomes positive and highly significant.
This shift indicates that increases in employment within a region contribute positively
to economic growth once structural differences and common time effects are taken into
account. Private gross capital formation remains positive and statistically significant, al-
though its magnitude decreases, suggesting that part of its effect is absorbed by time and
regional fixed effects. In contrast, both road density and highway density lose statistical
significance in the two-way fixed effects model. This suggests that the direct impact of
transport infrastructure on regional GDP per capita is limited when broader structural
and temporal dynamics are considered. The earlier significance observed in OLS and
fixed effects models appears to reflect cross-sectional differences rather than true causal
effects. The results indicate that regional economic growth is primarily driven by capital
accumulation and labor dynamics, while the direct contribution of transport infrastructure
is less clear.
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To further assess the relevance of the spatial econometric framework, a Pesaran Cross-
Sectional Dependence (CD) test was performed on the preferred two-way fixed-effects
panel specification. The null hypothesis of cross-sectional independence was strongly
rejected (z = —3.352, p < 0.001), indicating significant dependence among Romanian devel-
opment regions. This finding suggests that regional economic performance is influenced
by common interregional interactions and supports the use of spatial econometric models
capable of explicitly accounting for cross-sectional dependence.

4.4. Spatial Econometric Models and Spillover Effects

Preliminary robust LM-Error diagnostics were computed for alternative spatial weight
matrices (Table 5).

Table 5. Robust LM-Error test for weight matrices.

Model Specification Robust LM-Error Statistic p-Value
Rook-contiguity 5.101 0.024
KNN 3.210 0.073

The rook-contiguity matrix exhibited stronger evidence of spatial dependence
(p = 0.024) than the KNN matrix (p = 0.073). Therefore, the rook-contiguity model is
selected for the subsequent spatial econometric analysis.

Three econometric models are analyzed to investigating the spatial effects: Spatial
Autoregressive (SAR), Spatial Error (SER), and Spatial Durbin Model (SDM). The selection
of the appropriate model is based on a comprehensive set of diagnosis tests: Lagrange
Multiplier for lags and errors, robust LM, and Wald tests (Table 6).

Table 6. Spatial model selection tests.

Test Statistic p-Value Interpretation
LM-Lag 217.67 <0.001 Strong spatial lag dependence
LM-Error 204.75 <0.001 Strong
Robust LM-Lag 18.024 <0.001 Lag dependence remains significant
Robust LM-Error 5.101 0.024 Weak but significant error dependence

Both the LM test for spatial lag dependence and the LM test for spatial error depen-
dence are highly significant (p < 0.001). These results prove that regions” GDPs per capita
are spatially correlated. Since standard LM tests cannot clearly distinguish between alter-
native spatial processes, locally robust versions of these tests are considered. The robust
LM test for spatial lag dependence remains highly significant (LM = 18.024, p < 0.001),
indicating that spatial dependence in the GDPPC persists even after controlling for po-
tential spatial error effects. In contrast, the robust LM test for spatial error dependence is
moderately significant (LM = 5.1015, p = 0.024), suggesting that spatial error dependence
exists but plays a secondary role. These findings reveal that spatial correlation is primarily
driven by lag effects (SAR), reflecting genuine interactions between neighboring regions,
while error dependence (SEM) is comparatively weaker and likely reflects unobserved
common factors.

To determine if the Spatial Durbin Model (SDM) provides additional explanatory
power over the Spatial Autoregressive (SAR) model, the Wald test is employed to assess the
joint significance of the spatially lagged explanatory variables. The null hypothesis states
that the coefficients associated with these variables are equal to zero. The results of the
Wald test indicate that the null hypothesis cannot be rejected (p-value = 0.837), suggesting
that the spatially lagged explanatory variables do not contribute significantly to the model.
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Consequently, the more parsimonious SAR model is retained as the preferred specification.
This choice ensures model stability and interpretability while adequately capturing the
spatial dependence structure in regional economic growth.

The estimated regression coefficients of the SAR model are reported in Table 7.
The model were estimated using a two-way fixed-effects specification, accounting
for both regional heterogeneity and common time effects, while explicitly capturing
spatial dependence.

Table 7. Spatial Autoregressive Model B coefficients.

Variable B
ROADD 0.047
HWAYD —0.006
PCAPIT 0.095 *
LABOR 0.496 ***

Significance: * p < 0.05, *** p < 0.001.

The spatial autoregressive coefficient (A = 0.185) is positive and statistically significant
(p < 0.05), indicating the presence of moderate spatial dependence across regions. This result
suggests that regional economic performance is interconnected, as increases in GDPPC in
one region are associated with improvements in neighboring regions. The magnitude of A
points to meaningful, yet not excessive, spillover effects.

LABOR emerges as the most important explanatory variable of regional economic
growth. The coefficient is positive and highly statistically significant (p < 0.001), indicating
that increases in employment are strongly associated with higher GDP per capita. The
estimated coefficient (0.496) suggests a substantial elasticity, confirming the central role of
labor in driving regional economic performance. Private gross capital formation exhibits a
positive and statistically significant effect (p < 0.05). In contrast, the infrastructure variables
do not display statistically significant effects. Road density has a positive but insignificant
coefficient, while highway density shows a closed to zero value and statistically insignificant
effect. Thus, transport infrastructure does not exert a measurable direct impact on regional
GDPPC once the spatial dependence is considered.

Figure 3 reports the decomposition of the spatial effects derived from the SAR model,
including direct (Equation (8)), indirect (Equation (9)), and total effects.

LABOR is by far the main driver of regional economic growth. The direct effect is large
and positive (0.501), showing that increases in employment substantially enhance economic
performance within the same region. In addition, the indirect effect is also considerable
(0.107), indicating that improvements in labor conditions generate significant spillovers to
neighboring regions. The total effect (0.608) confirms that labor plays a dominant role not
only locally but also in shaping regional dynamics through spatial diffusion. PCAPIT also
exhibits positive although smaller effects. The direct effect (0.097) suggests that investment
contributes to local economic growth, while the indirect effect (0.021) reflects modest
spillover effects. The impact of infrastructure variables is relatively limited. ROADD has a
small positive direct effect (0.047) and a weak indirect effect (0.010), its contribution being
marginally to regional economic growth. HWAYD does not exhibit a significant effect. Both
the direct and indirect effects are close to zero, with a negligible total effect. The highway
infrastructure does not generate measurable economic benefits within the SAR model.
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Figure 3. Direct, indirect and total effects in SAR model.

5. Discussion

The findings of this study offer a perspective on the determinants of regional economic
growth and the role of spatial interactions in Romania. By relating ordinary regression
and spatial econometric models, the analysis provides evidence on both direct and in-
direct mechanisms through which growth is generated and especially the role of the
transport infrastructure.

5.1. Model Selection

The model selection procedure confirms that regional economic growth in Romania
is characterized by significant spatial dependence, making conventional panel models
insufficient for capturing interregional interactions. Although several spatial econometric
specifications were evaluated, the Spatial Autoregressive (SAR) model provided the most
appropriate representation of the data. The Wald test indicated that the additional spatially
lagged explanatory variables included in the Spatial Durbin Model (SDM) did not signifi-
cantly improve model performance, supporting the more parsimonious SAR specification.
Consequently, regional growth appears to be transmitted primarily through the spatial
dependence of economic performance rather than through the spillover effects of transport
infrastructure. This finding justifies the use of the SAR model for interpreting both local
and spatial effects and provides a robust basis for the subsequent policy discussion.

5.2. Economic Growth Drivers

Although a number of seven explanatory variables were initially considered, the
variance inflation factors suggested strong autocorrelation amid them. Subsequently, a
reduced panel considering only four variables (road and highway density, labor and private
gross capital formation) was adopted.

A consistent result across all estimated specifications is the strong and positive im-
pact of LABOR on regional economic performance. In the SAR model, labor emerges as
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the dominant determinant of growth, exhibiting both a large direct effect and substantial
spillover effects across neighboring regions. This indicates that improvements in employ-
ment not only enhance local economic outcomes but also generate significant interregional
benefits. The robustness and magnitude of this effect suggest that labor dynamics represent
the primary channel through which regional economies expand and interact. Several
mechanisms can explain this pattern. Higher employment increases local income and
consumption, which stimulates consumption of goods and services both within the region
and in neighboring areas through trade. Labor mobility facilitates the diffusion of skills
and knowledge across regions, allowing productivity gains to spread spatially [60]. Studies
at European level shows that regional growth is strongly linked to labor market conditions
and human capital, with spillover effects playing a key role in shaping spatial development
patterns [37,61,62].

Private gross capital formation also plays an important, though more moderate role
in all models. The results show a positive and statistically significant effect of PCAPIT
on GDP per capita, both locally and through spatial spillovers. This finding is consistent
with previous studies, where capital accumulation contributes to productivity and income
generation [3,18,26,29,46].

In contrast, the role of transport infrastructure appears limited and less direct. The
empirical results indicate that both road density and highway infrastructure do not exert
statistically significant effects on regional economic growth once fixed effects and spatial
dependence are considered. This suggests that infrastructure investments do not automat-
ically translate into immediate or measurable gains in local economic performance. The
results are in line with the recent evidence indicating that the economic impact of infras-
tructure is strongly influenced by regional context and conditions [8]. Similar insignificant
direct and spillover effects of transport infrastructure on regional growth were reported in
the literature [15,37,43,44].

5.3. Research Hypothesis Testing

This study evaluates three hypotheses concerning the role of transport infrastructure
and spatial spillovers in regional economic growth.

e  H1 (direct effects of infrastructure) is not supported. Once two-way fixed effects and
spatial dependence are accounted for, transport infrastructure variables do not exhibit
statistically significant effects on GDPPC. This suggests that transport infrastructure
alone does not constitute a primary driver of regional growth in the Romanian context.

e  H2 (existence of spatial spillovers) is supported. The positive and significant spatial au-
toregressive coefficient confirms that regional economies are interdependent. However,
the decomposition of effects indicates that these spillovers are driven predominantly
by economic factors (LABOR and PCAPIT), rather than by transport infrastructure
(ROADD and HWAYD). This points to a diffusion mechanism based on economic
activity rather than physical connectivity alone.

e  H3 (spillovers reduce regional disparities) receives limited support. Although spatial
dependence is present, its sources do not indicate a convergence process driven by
transport infrastructure. Instead, spillovers appear to reinforce existing economic
structures, suggesting that transport infrastructure dynamic does not automatically
translate into balanced regional development.

The findings of this study provide additional insights into the ongoing debate on
regional convergence and polarization in Romania. Benedek and Moldovan [54] argue that
regional development is characterized by persistent processes of polarization, whereby eco-
nomic growth tends to concentrate in a limited number of metropolitan and economically
advanced regions rather than being evenly distributed across space. They further empha-
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size that regional spillovers do not necessarily generate convergence because the diffusion
of economic benefits is often weaker than the cumulative agglomeration forces operating
in core regions. Our empirical findings are broadly consistent with this perspective. The
positive and statistically significant spatial autoregressive coefficient (A = 0.185) confirms
that regional economies in Romania are spatially interconnected and that economic perfor-
mance in one region is influenced by neighboring regions. However, the estimated spillover
effects indicate that these interactions are driven primarily by labor and private capital
formation rather than by transport infrastructure itself. These results suggest that transport
infrastructure alone is insufficient to reverse the structural mechanisms underlying regional
disparities. Instead, infrastructure appears to facilitate economic interactions only when
accompanied by favorable economic conditions, such as productive investment and a
dynamic labor market. This interpretation is consistent with Benedek and Moldovan’s
argument [54] that regional inequalities are shaped by the unequal spatial distribution
of growth factors—including labor, capital, innovation, and infrastructure—and that the
mere existence of transport networks does not guarantee convergence. Torok [53] observed
that improvements in local human development occurred throughout Romania despite
persistent territorial disparities, suggesting the existence of positive spillover mechanisms
from more developed regions toward neighboring territories. The study argues that the
economic performance of leading regions generates beneficial effects for surrounding areas,
although these effects are insufficient to eliminate long-standing regional inequalities. This
interpretation is consistent with our SAR estimates, which identify significant spatial depen-
dence in regional economic performance while indicating that these spillovers are driven
primarily by socioeconomic interactions rather than by transport infrastructure alone.

Unlike previous studies, however, the present analysis explicitly quantifies the magni-
tude of both direct and indirect spatial effects through a Spatial Autoregressive (SAR) panel
model. This allows us to distinguish the mechanisms through which regional growth is
transmitted across space and demonstrates that spatial spillovers in Romania are primarily
economic rather than infrastructural in nature.

5.4. Policy Implications

The results outline several important policy implications, reflecting the dominant role
of economic variables and the limited contribution of transport infrastructure. First, the
strong and consistent impact of labor highlights the importance of employment policies
and human capital development. Policies aimed at improving labor market participation,
workforce skills, and mobility are likely to generate substantial economic benefits, both
locally and across regions. Given the presence of significant spillover effects, investments
in human capital can produce wider regional gains beyond the areas where they are im-
plemented. Second, the positive effect of private capital underscores the need to support
investment and productive capacity. Policies that facilitate access to finance, encourage
business development, and improve the investment climate can enhance regional economic
performance. Third, transport infrastructure should be approached as a complementary
policy instrument. Their effectiveness depends on the way they are integrated with broader
economic policies. Transport infrastructure should be designed to support labor mobility,
market access, and regional connectivity. Although transport networks have received a
considerable share of European cohesion funding, previous studies document substantial
heterogeneity in fund absorption across Romanian regions, reflecting differences in admin-
istrative capacity, project preparation, and implementation efficiency [53-55]. Some regions
(West, North-West, Center, Bucharest-Ilfov) succeeded in utilizing a significant proportion
of the available resources, whereas others absorbed only a small fraction, suggesting that
institutional quality rather than financial allocation alone determines the effectiveness of
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infrastructure investments [63]. Furthermore, infrastructure prioritization has not always
been fully aligned with economic efficiency considerations, implying that political and
administrative factors may also have influenced project selection and reduced the aggregate
economic impact of transport investments.

Moreover, Romania had limited administrative and institutional capacity in imple-
menting transport investments financed through EU Cohesion Policy. The economic
benefits of infrastructure projects have frequently been delayed by bureaucratic procedures,
weak institutional coordination, limited technical capacity, and difficulties in absorbing
European Structural and Cohesion Funds [63]. Consequently, transport projects have often
been implemented more slowly than initially planned (e.g., 22% for the interval 2014-2019,
52% for the interval 2021-2025), postponing the realization of their economic benefits and
reducing their measurable short-run contribution to regional growth. Offner’s concept of
“political mythification” [48] of transport infrastructure effectiveness appears to be relevant
in the Romanian context.

5.5. Limitations and Future Research

This study is subject to several limitations that should be considered when inter-
preting the results. First, although the balanced panel comprises 200 panel observations
(8 Romanian development regions observed over 25 years), the relatively small cross-
sectional dimension may reduce the precision of spatial dependence tests and maximum
likelihood estimation in spatial panel models. This limitation is inherent to the use of
NUTS 2 regions, which represent the official territorial units for regional development
policy and European Union cohesion funding in Romania. Consequently, the estimated
spatial relationships should be interpreted with appropriate caution. Second, the analy-
sis relies on aggregate regional indicators, which may conceal substantial heterogeneity
across economic sectors and within regions. Likewise, transport infrastructure is measured
using density indicators, which do not fully capture differences in infrastructure quality,
accessibility, network performance, or service levels that may influence regional economic
outcomes. Finally, the relatively small cross-sectional dimension of the dataset limits the
statistical power of formal panel time-series diagnostic tests. Although the adopted two-
way fixed-effects spatial panel models control for unobserved regional heterogeneity and
common year-specific effects, future research based on more spatially disaggregated data
or longer time series would enable the application of more powerful spatial econometric
and panel time-series techniques. Such analyses could provide deeper insights into the
dynamic mechanisms through which transport infrastructure influences regional economic
growth and spatial spillover effects.

These limitations suggest several directions for future research. Further studies should
investigate whether the economic contribution of transport infrastructure varies across
different stages of regional development. Previous studies [1,15] suggest that, once a
sufficiently dense and high-quality transport network has been established, additional
infrastructure investments may generate diminishing marginal returns and cease to be a pri-
mary driver of regional economic growth. Given the weak effects identified in this study, an
important avenue for future research is to determine whether the completion of Romania’s
strategic transport corridors will produce stronger economic impacts or not. Secondly, more
disaggregated data could be employed to better capture sector-specific effects and regional
heterogeneity. Incorporating alternative measures of transport infrastructure (e.g., quality,
accessibility, connectivity indices) could provide a more accurate assessment of its economic
impact. Third, machine learning methods (e.g., Random Forest, XGBoost) could provide
valuable complementary evidence to spatial econometric models by capturing nonlinear
effects and ranking the relative importance of transport infrastructure and socioeconomic
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determinants [47,64]. Finally, exploring the role of institutional quality, governance, and
regional policy frameworks may help clarify the mechanisms through which labor, capital,
and transport infrastructure interact to shape regional economic growth.

6. Conclusions

This paper questions the widely held assumption that transport infrastructure is a key
factor of regional economic growth by providing evidence from a spatial panel analysis
of Romanian regions. By explicitly modeling spatial dependence, the study advances
the empirical literature and offers a clear identification of the channels through which
regional growth is generated and transmitted. Three main conclusions emerge. First,
the Spatial Autoregressive Model indicates that growth processes extend beyond NUTS
2 boundaries, confirming that regional economies operate within an interconnected spatial
system. Second, the drivers of both local growth and spatial spillovers are predominantly
economic, with labor and private gross capital formation playing a central role. Third, and
the core of the investigation, the results provide no evidence that transport infrastructure
acts as a direct driver of regional economic growth once spatial and structural factors
are considered. This finding challenges a predominant narrative about the effectiveness
of transport infrastructure. Rather than functioning as an autonomous growth factor,
transport infrastructure mostly acts as a conditional and complementary factor, whose
impact depends on the presence of supportive economic conditions such as human capital,
investment capacity, and market integration. In this sense, the results provide empirical
support to more critical perspectives in the literature, outlining that the economic benefits
of transport infrastructure are often overstated when not embedded within a broader
development context. Methodologically, the paper contributes by demonstrating the
importance of a thorough variable and model selection strategy in spatial econometrics.
From a policy perspective, investments in human capital and productive capacity should
take precedence, while transport infrastructure should be designed to reinforce, rather
than substitute for, underlying economic processes. Without such complementarities,
infrastructure investments risk generating limited or uneven returns.
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