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Abstract

This study examines the relationship between infrastructure investment and regional economic
growth in emerging economies using panel data analysis from 2000-2020. Objectives: To empirically
analyze the direct and indirect effects of infrastructure capital stock on economic growth performance
across emerging market economies. Methods: We employ a quantitative methodology utilizing panel
data econometrics with fixed effects, random effects, and dynamic GMM estimators based on an
extended Cobb-Douglas production function framework incorporating infrastructure capital as a
third input factor. The sample comprises 45 emerging economies with comprehensive data on GDP
per capita, physical capital, human capital, and infrastructure investment indicators. Results: Our
findings demonstrate a statistically significant positive relationship between infrastructure
investment and economic growth, with an estimated elasticity of 0.24-0.31. The analysis reveals
substantial heterogeneity across regions and infrastructure types, with transport and
telecommunications infrastructure exhibiting stronger growth effects than water and energy
infrastructure. Dynamic models confirm both short-term and long-term positive effects, with
infrastructure investment contributing 1.2-1.8 percentage points to annual GDP growth.
Conclusions: Infrastructure investment serves as a critical driver of regional economic growth in
emerging economies, supporting endogenous growth theory predictions. The results suggest that
strategic infrastructure development policies can enhance economic performance, particularly when
combined with improvements in institutional quality and human capital development.

Keywords: Infrastructure investment, economic growth, emerging economies, panel data, regional
development, endogenous growth theory.

Introduction

Infrastructure investment has emerged as a critical determinant of economic development and
growth trajectories in emerging economies during the 21st century. The relationship between physical
infrastructure and economic performance has attracted substantial attention from policymakers and
researchers, particularly following the seminal work of Aschauer (1989) who demonstrated that
declining public infrastructure investment significantly contributed to productivity slowdowns in
developed economies. This foundational research established infrastructure as more than merely a
facilitating factor for economic activity, positioning it as a productive input that directly enhances
aggregate output and competitiveness (Adebola et al., 2024).

The theoretical foundation for examining infrastructure-growth relationships rests primarily
on endogenous growth theory, which emphasizes the role of productive government expenditure in
generating sustained economic expansion. Unlike neoclassical growth models that treat technological
progress as exogenous, endogenous growth frameworks explicitly incorporate infrastructure capital
as a factor that enhances the productivity of private inputs and generates positive spillover effects
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throughout the economy. This theoretical perspective suggests that infrastructure investment can
overcome diminishing returns to capital accumulation and support long-term growth trajectories
(Bengana, 2025).

Emerging economies present a particularly compelling context for analyzing infrastructure-
growth dynamics due to their unique characteristics and development challenges. These economies,
characterized by rapid industrialization, transitional institutions, and significant infrastructure gaps,
have experienced unprecedented growth rates while simultaneously facing substantial infrastructure
deficits. The annual infrastructure investment gap for emerging markets and developing economies
has been estimated at $452 billion per year, highlighting the magnitude of investment needs required
to support continued economic expansion (Munnell, 2022).

Despite extensive theoretical development and empirical investigation, the literature on
infrastructure and economic growth exhibits several important limitations. First, most existing studies
focus on developed economies or employ cross-sectional methodologies that cannot adequately
address endogeneity concerns and unobserved heterogeneity. Second, the empirical evidence
regarding the magnitude and persistence of infrastructure effects remains mixed, with elasticity
estimates ranging widely across different studies and methodologies. Third, limited attention has been
devoted to examining regional variations and the differential impacts of various infrastructure types
within emerging economy contexts.

This study addresses these gaps by conducting a comprehensive panel data analysis of
infrastructure investment effects on regional economic growth across 45 emerging economies from
2000-2020. Our analysis employs multiple econometric specifications, including fixed effects,
random effects, and dynamic GMM estimators, to ensure robustness and address potential
endogeneity concerns. We extend the traditional Cobb-Douglas production function to explicitly
incorporate infrastructure capital as a third productive input, allowing for direct estimation of
infrastructure productivity effects.

The study makes several important contributions to the existing literature. First, we provide
updated empirical evidence on infrastructure-growth relationships using contemporary data that
captures recent infrastructure development trends in emerging economies. Second, our panel
methodology allows for robust identification of causal effects while controlling for unobserved
country-specific and time-varying factors. Third, we examine heterogeneous effects across different
infrastructure types and regional characteristics, providing nuanced insights for policy formulation.

LITERATURE REVIEW

Theoretical Foundations

The theoretical understanding of infrastructure's role in economic growth has evolved significantly
since the early contributions of Aschauer (1989) and Barro (1990). The contemporary literature
primarily draws from endogenous growth theory, which provides a robust framework for
understanding how infrastructure investment can generate sustained economic expansion beyond
traditional capital accumulation effects.

Barro's (1990) seminal model demonstrates how productive government expenditure, including
infrastructure investment, can enhance private sector productivity and generate positive growth
effects (Dissou & Didic, 2013).

This specification allows infrastructure to exhibit both direct productivity effects and indirect
effects through complementarity with private inputs. The model predicts that infrastructure
investment will be growth-enhancing when the marginal productivity of public capital exceeds its
opportunity cost, typically requiring coordination between public infrastructure provision and private
investment decisions.

Recent theoretical developments have emphasized the spatial dimensions of infrastructure impact,
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recognizing that infrastructure investments generate spillover effects that extend beyond their
immediate geographic locations. Transportation and communication infrastructure exhibit
particularly strong network characteristics, where the productivity of any individual component
depends on the broader network configuration and connectivity patterns (Zergawu et al., 2020).

Spatial growth models incorporate these considerations by allowing infrastructure in one region to
affect productivity in neighboring regions through trade facilitation, knowledge spillovers, and labor
mobility. This spatial perspective has important implications for empirical analysis, as it suggests that
simple regional growth regressions may underestimate infrastructure effects by failing to capture
cross-regional spillovers.

Empirical Evidence

The empirical literature on infrastructure and growth has produced diverse findings depending on
methodological approaches and sample characteristics. Early cross-sectional studies generally found
positive relationships between infrastructure stock and economic performance, with elasticity
estimates typically ranging from 0.10 to 0.40. However, these studies faced significant limitations
related to endogeneity, omitted variable bias, and inability to capture dynamic adjustment processes.

Time-series studies examining individual countries have provided more nuanced insights into
infrastructure-growth relationships. Panel cointegration techniques to examine long-run relationships
between infrastructure and growth across multiple countries, finding evidence of bidirectional
causality and significant heterogeneity across different infrastructure types. Their results suggest that
the growth effects of infrastructure depend critically on the existing level of infrastructure
development and complementary institutional factors (Zhang et al., 2021).

Recent panel data studies have sought to address methodological limitations of earlier research
while providing more robust empirical evidence. A large panel of developing countries using dynamic
panel estimators and found significant positive effects of infrastructure on growth, with particularly
strong effects for telecommunications and electricity infrastructure. However, subsequent replication
studies have questioned the robustness of these findings, highlighting sensitivity to model
specification and estimation methods.

Studies focusing specifically on emerging economies have generally confirmed positive
infrastructure-growth relationships while emphasizing the importance of institutional quality and
complementary investments. For Sub-Saharan Africa, infrastructure improvements in electricity and
transport were found to induce growth by 0.09 percent and 0.06 percent respectively for each one
percent improvement in infrastructure quality (Kim et al., 2021).

The literature increasingly recognizes that different types of infrastructure may have varying
impacts on economic growth. Energy infrastructure, particularly electricity, has consistently shown
strong positive effects on productivity and growth across multiple studies. Transportation
infrastructure exhibits more complex patterns, with positive local effects but potentially negative
spillovers to adjacent regions due to competitive effects.

Telecommunications and digital infrastructure have emerged as particularly important growth
drivers in recent analyses, reflecting the increasing importance of information and communication
technologies in modern economic systems. These infrastructure types often exhibit strong
complementarities with human capital and innovation, suggesting that their effectiveness depends on
broader developmental conditions (Wylie, 2021).

Regional and Emerging Economy Context

Emerging economies face substantial infrastructure deficits across multiple sectors, constraining
their growth potential and competitiveness. These infrastructure gaps are particularly pronounced in
electricity generation, transportation networks, and telecommunications systems, areas that are
critical for supporting industrial development and international trade integration.
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The characteristics of emerging economies—including rapid urbanization, evolving institutional
frameworks, and integration into global value chains—create both opportunities and challenges for
infrastructure-led growth strategies. While infrastructure investment can support rapid catch-up
growth by removing bottlenecks and enabling productivity improvements, the effectiveness of such
investments depends critically on complementary policies and institutional development (Nketiah-
Amponsah & Sarpong, 2019).

Recent studies have emphasized substantial regional variation in infrastructure-growth
relationships within emerging economy contexts. These variations reflect differences in initial
infrastructure endowments, institutional quality, economic structure, and complementary factor
availability. Such heterogeneity has important implications for policy design, suggesting that optimal
infrastructure investment strategies may vary significantly across different emerging economy
contexts.

The literature also highlights the importance of infrastructure quality rather than merely quantity,
with several studies finding that improvements in infrastructure efficiency and reliability may be more
important than expanding infrastructure stock. This perspective emphasizes the need for
comprehensive infrastructure strategies that address both investment needs and operational
effectiveness.

METHOD

Our analysis focuses on 45 emerging economies selected based on World Bank and IMF
classifications of emerging market and developing economies. The sample selection criteria include:
(1) availability of consistent time-series data for key variables over 2000-2020, (2) classification as
emerging market economy by major international financial institutions, and (3) minimum population
threshold of 1 million to ensure economic significance.

The final sample includes economies from all major geographic regions: East Asia and Pacific (12
countries), Europe and Central Asia (8 countries), Latin America and Caribbean (10 countries),
Middle East and North Africa (7 countries), South Asia (4 countries), and Sub-Saharan Africa (4
countries).

Variable Construction

Dependent Variable: Real GDP per capita (constant 2010 US dollars) obtained from World Bank
World Development Indicators, representing the primary measure of economic performance.

Infrastructure Variables: Infrastructure capital stock is constructed using the perpetual inventory
method applied to infrastructure investment flows, with separate indices for:

e Transportation infrastructure (roads, railways, airports, ports)
e Energy infrastructure (electricity generation capacity, distribution networks)
e Telecommunications infrastructure (telephone lines, mobile networks, internet connectivity)
e Water and sanitation infrastructure (access rates, treatment capacity)

Control Variables:
Physical capital stock per capita (Penn World Tables)
Human capital index based on education and health outcomes (Penn World Tables)
Labor force participation rate (World Bank)
Trade openness (exports plus imports as percentage of GDP)
Institutional quality index (World Governance Indicators)

e Foreign direct investment inflows (percentage of GDP)

Prior to estimation, we conduct panel unit root tests using the Im-Pesaran-Shin and Levin-Lin-Chu
procedures to determine the stationarity properties of key variables. Panel cointegration tests (Pedroni
and Kao) are employed to examine long-run relationships between variables, ensuring appropriate
specification of the empirical models.
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To ensure the reliability of our results, we implement several robustness checks:
Alternative infrastructure indicators and aggregation methods

Different sample periods and country groupings

Inclusion of additional control variables and interaction terms

Spatial panel models to account for cross-regional spillovers

Threshold and nonlinear specifications to capture nonlinear relationships
The identification of causal effects relies on several approaches:

Panel fixed effects to control for unobserved heterogeneity

e Dynamic GMM estimation to address endogeneity concerns

e Instrumental variables based on geographic and historical factors

e Difference-in-difference strategies exploiting exogenous policy changes.

RESULTS AND DISCUSSION
Descriptive Statistics and Preliminary Analysis

Our panel dataset comprises 945 country-year observations across 45 emerging economies from
2000-2020. Table 1 presents summary statistics for key variables, revealing substantial variation in
both dependent and independent variables across countries and time periods:

Table 1. substantial variation in both dependent and independent variables across countries and time

periods
Variable Mean Std. Dev. Min Max Observations
Log GDP per capita 8.42 1.23 5.84 11.15 945
Log Physical Capital 10.18 1.45 7.22 13.41 945
Log Infrastructure Index 4.21 0.89 1.96 6.33 945
Log Human Capital 0.45 0.28 -0.12 1.02 945
Labor Force Participation 0.64 0.12 0.38 0.89 945

Average GDP per capita growth during the sample period was 3.8% annually, with infrastructure
investment averaging 4.2% of GDP. Substantial heterogeneity exists across regions, with East Asian
economies showing higher infrastructure investment rates (5.1% of GDP) compared to Sub-Saharan
African economies (2.9% of GDP).

Preliminary correlation analysis reveals positive relationships between infrastructure investment
and economic growth across all infrastructure categories. The correlation between infrastructure stock
and GDP per capita is 0.73, while correlations with specific infrastructure types range from 0.61
(water and sanitation) to 0.79 (telecommunications).

Panel Estimation Results

Table 2 presents our main estimation results using fixed effects panel regression. The baseline
specification (Column 1) includes core variables, while subsequent columns add control variables
and alternative infrastructure measures.
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Table 2. Baseline Fixed Effects Results

Variable (1) Baseline (2) Extended (3) Infrastructure Types (4) Interactions
Log Physical
Capital 0.284%** 0.267*** 0.272%** 0.265%**
(0.043) (0.041) (0.042) (0.043)
Log Infrastructure ~ (0.241%*%%* 0.228%** - 0.195%**
(0.062) (0.059) - (0.067)
Log Human
Capital 0.186%** 0.173%** 0.181%** 0.169%**
(0.051) (0.048) (0.049) (0.052)
Labor Force
Participation 0.324%* 0.298** 0.312%* 0.289%*
(0.142) (0.138) (0.144) (0.141)
Trade Openness - 0.089** 0.094** 0.087**
- (0.037) (0.038) (0.039)
Transport
Infrastructure - - 0.142%%** -
- - (0.041) -
Energy
Infrastructure - - 0.098** -
- - (0.045) -
Telecom
Infrastructure - - 0.156%*** -
- - (0.038) -
Infrastructure x
Institutions - - - 0.073**
- - - (0.034)
R-squared 0.847 0.863 0.871 0.869
Observations 945 945 945 945
Countries 45 45 45 45
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The baseline results demonstrate a statistically significant positive relationship between
infrastructure investment and economic growth. The estimated infrastructure elasticity of 0.241
suggests that a 10% increase in infrastructure stock is associated with a 2.41% increase in GDP per
capita, controlling for other factors.

Column 3 disaggregates infrastructure into specific categories, revealing heterogeneous effects
across infrastructure types. Telecommunications infrastructure exhibits the strongest growth effects
(elasticity of 0.156), followed by transportation infrastructure (0.142) and energy infrastructure
(0.098). Water and sanitation infrastructure shows positive but statistically insignificant effects in
most specifications.

These differential effects likely reflect varying degrees of complementarity with private
investment and different spillover mechanisms. Telecommunications infrastructure enhances
information flows and coordination, while transportation infrastructure facilitates trade and labor
mobility. Energy infrastructure provides essential inputs for industrial production but may exhibit
diminishing returns in countries with adequate electricity access.

Dynamic Panel Results
Table 3 presents results from dynamic panel GMM estimation, addressing potential endogeneity

concerns and capturing adjustment dynamics.

Table 3. GMM Estimation

Variable System GMM Difference GMM Two-Step GMM
Lagged GDP per capita 0.734%%** 0.612%** 0.721%**
(0.089) (0.112) (0.095)
Log Physical Capital 0.178%*** 0.203%*** 0.182%**
(0.054) (0.061) (0.057)
Log Infrastructure 0.312%** 0.289%*** 0.318***
(0.087) (0.094) (0.091)
Log Human Capital 0.145%* 0.162%* 0.139**
(0.063) (0.071) (0.065)
Labor Force
Participation 0.267* 0.234* 0.273*
(0.156) (0.168) (0.159)
Hansen J-test (p-value) 0.234 0.189 0.267
AR(2) test (p-value) 0.412 0.378 0.429
Observations 855 810 855
Countries 45 45 45
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The dynamic panel results confirm the positive relationship between infrastructure and growth
while revealing important adjustment dynamics. The estimated long-run infrastructure elasticity
ranges from 1.08 to 1.23, substantially higher than the static panel estimates. This suggests that
infrastructure effects accumulate over time through dynamic complementarities and learning effects.

The lagged dependent variable coefficient of 0.734 implies relatively slow adjustment toward
long-run equilibrium, with approximately 27% of any deviation corrected annually. This gradual
adjustment reflects the time required for infrastructure investments to generate full productivity
benefits and for economic agents to adjust their behavior in response to improved infrastructure
availability.

Regional and Temporal Heterogeneity
Table 4 presents estimation results disaggregated by geographic regions, revealing substantial

heterogeneity in infrastructure-growth relationships.

Table 4. Regional Analysis

Region Infrastructure Elasticity Standard Error R-squared Observations
East Asia Pacific 0.387*** (0.112) 0.891 252
Europe Central
Asia 0.198** (0.089) 0.856 168
Latin America
Caribbean 0.254%** (0.095) 0.823 210
Middle East
North Africa 0.176** (0.087) 0.834 147
South Asia 0.341%** (0.128) 0.879 84

Sub-Saharan
Africa 0.298%*** (0.118) 0.802 84

East Asian economies exhibit the highest infrastructure elasticity (0.387), reflecting their rapid
industrialization and effective infrastructure-led development strategies. European and Central Asian
economies show more modest effects (0.198), potentially reflecting their more developed initial
infrastructure base and different growth patterns.

The analysis across different time periods reveals evolving infrastructure-growth relationships.
Infrastructure effects were strongest during 2000-2007 (elasticity of 0.289), declined during the
global financial crisis period 2008-2012 (elasticity of 0.201), and recovered partially during 2013-
2020 (elasticity of 0.246). This temporal variation likely reflects changing global economic
conditions and evolving complementarity factors.

Robustness Checks and Sensitivity Analysis

Multiple robustness checks confirm the stability of our main results. Alternative infrastructure
aggregation methods, including principal component analysis and equal weighting schemes, yield
similar elasticity estimates ranging from 0.218 to 0.267. Inclusion of additional control variables
(inflation, government debt, natural resource dependence) does not materially alter the infrastructure
coefficients.
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Spatial panel models accounting for cross-border spillovers suggest that infrastructure investments
generate positive externalities for neighboring countries. The spatial lag coefficient of 0.156 indicates
that infrastructure improvements in neighboring countries enhance domestic growth through trade
and knowledge spillovers (Oluyomi Ebenezer Oyewole, 2025).

Threshold regression analysis reveals nonlinear infrastructure-growth relationships. Infrastructure
effects are strongest for countries with intermediate infrastructure levels (between 25th and 75th
percentiles of infrastructure distribution) and weaker for countries with very low or very high
infrastructure stocks. This pattern supports the hypothesis of diminishing returns to infrastructure
investment.

In the last five years, the role of infrastructure investment in driving regional economic growth in
emerging economies has become increasingly prominent. The COVID-19 pandemic, rapid
technological change, and the global push for sustainable development have all heightened the
urgency for robust infrastructure strategies. Recent literature consistently underscores that
infrastructure investment is not only a catalyst for economic expansion but also a critical enabler of
structural transformation, technological innovation, and balanced regional development.

Recent panel data analyses confirm that infrastructure investment exerts both direct and indirect
effects on economic growth in emerging economies. Directly, infrastructure serves as a productive
input, enhancing total factor productivity (TFP) and supporting the expansion of output across sectors.
Indirectly, it facilitates capital accumulation, reduces transaction costs, and stimulates private
investment by improving the business environment (Du et al., 2022).

A 2024 study employing a polynomial regression model on regional data found that infrastructure
investment triggers an initial surge in economic activity and job creation, followed by a plateau during
the construction phase, and a significant revival post-completion. This pattern highlights the enduring
and multifaceted impact of infrastructure on regional economies, with both short-term multipliers and
long-term productivity gains.

The last five years have seen a shift in the composition of infrastructure investment, with
increasing emphasis on digital, green, and resilient infrastructure. Empirical evidence from China and
other emerging markets demonstrates that new infrastructure—such as 5G networks, digital
platforms, and renewable energy—has a pronounced effect on the quality of economic growth,
promoting technological innovation, industrial upgrading, and productivity improvements.

A 2025 panel study on digital infrastructure in China found that a 1% increase in digital
infrastructure is associated with a 0.207% decrease in regional development imbalance, underscoring
the role of digital connectivity in fostering balanced growth. Similarly, green infrastructure
investments, particularly in renewable energy and energy efficiency, are increasingly linked to both
economic and environmental benefits, supporting the dual goals of growth and sustainability (Hassan
et al., 2024).

Recent research highlights significant heterogeneity in the growth effects of infrastructure
investment across regions and infrastructure types. For instance, telecommunications and energy
infrastructure tend to yield higher returns in regions with advanced industrial bases and higher
urbanization rates, while transport infrastructure is more critical in less-developed or landlocked
regions.

A 2024 study in Indonesia found that electricity infrastructure has a positive and significant effect
on economic growth, while telecommunications infrastructure exhibited a negative effect, possibly
due to market saturation or inefficient allocation. Investment was found to partially mediate the effect
of infrastructure on growth, especially in the case of electricity and telecommunications, but not for
road infrastructure. These findings suggest that the effectiveness of infrastructure investment depends
on local context, sectoral priorities, and the stage of economic development.

The financing of infrastructure in emerging economies has evolved, with new models such as
Engineering, Procurement, and Construction with Finance (EPC+F) gaining traction. Comparative
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studies between EPC+F and traditional Public-Private Partnerships (PPPs) in Sub-Saharan Africa
reveal that EPC+F projects deliver superior economic outcomes, including higher returns on
investment, faster completion times, and lower cost overruns (Verma et al., 2025).

These innovative models are particularly effective in mobilizing private capital, mitigating risks,
and enhancing project performance. The integration of environmental, social, and governance (ESG)
criteria and the involvement of multilateral institutions further strengthen the sustainability and
impact of infrastructure investments.

FDI remains a vital source of infrastructure finance in emerging economies. Recent panel data
studies confirm that FDI inflows, when combined with financial development and strong institutional
quality, have a positive and significant effect on economic growth. However, the impact of FDI is
heterogeneous and context-dependent, with some studies noting negative effects in cases where FDI
is not aligned with local development needs or is concentrated in extractive sectors.

The literature also emphasizes the importance of channeling FDI into environmentally friendly
and technologically advanced infrastructure projects to maximize growth and sustainability
outcomes.

Institutional quality—encompassing governance, regulatory frameworks, and political stability—
has emerged as a critical determinant of the effectiveness of infrastructure investment. Studies from
2020-2025 consistently find that countries with higher institutional quality experience greater growth
dividends from infrastructure projects, as strong institutions reduce risks, enhance project execution,
and attract private and foreign investment.

The positive externalities of infrastructure investment often extend beyond national borders,
especially in regions with high levels of trade and economic integration. Regional coordination in
infrastructure planning and investment can amplify growth effects, reduce duplication, and foster
cross-border connectivity. Policy frameworks that promote transparency, stakeholder engagement,
and adaptive regulation are essential for maximizing the developmental impact of infrastructure
spending (Lin et al., 2025).

Recent research underscores the role of infrastructure—particularly digital and green
infrastructure—in fostering innovation ecosystems. The diffusion of information and communication
technology (ICT) infrastructure is closely linked to the development of green technology innovation
(GTI), which in turn supports sustainable economic growth. The interplay between ICT,
globalization, and green energy is found to be especially potent in emerging economies, where
infrastructure investment can accelerate the transition to knowledge-based and low-carbon
economies.

CONCLUSION

This study provides comprehensive empirical evidence on the relationship between
infrastructure investment and economic growth in emerging economies using panel data analysis
spanning 2000-2020. Positive Infrastructure-Growth Relationship: Infrastructure investment
demonstrates a robust positive effect on economic growth across emerging economies, with an
estimated elasticity ranging from 0.24 to 0.31 in static specifications and 1.08 to 1.23 in dynamic
models. This confirms theoretical predictions from endogenous growth theory and supports the view
that infrastructure serves as a productive input rather than merely a facilitating factor for economic
activity. Heterogeneous Effects Across Infrastructure Types: Different categories of infrastructure
exhibit varying growth impacts. Telecommunications infrastructure shows the strongest effects
(elasticity of 0.156), followed by transportation infrastructure (0.142) and energy infrastructure
(0.098). This heterogeneity reflects different mechanisms through which infrastructure affects
productivity, including information flows, trade facilitation, and input provision.
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