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Abstract
This study examines Urban Infrastructure Investments and Economic Growth, considering the role of transportation, utilities, and broadband expansion in urban economic performance in the United States from 1980 to 2022. The paper draws on historical data from the U.S. Bureau of Economic Analysis and the Congressional Budget Office. The study employs correlation analysis, Principal Component Analysis (PCA), and a Vector Autoregressive (VAR) model to capture both linear associations and dynamic interdependencies among variables. The results indicate that transportation infrastructure investment, which averaged 2.3% of GDP annually during the study period, has the strongest positive correlation (r = 0.78) with urban economic growth. Broadband investment, although rising significantly only after 2000, demonstrates a growing impact with a correlation of r = 0.63. Energy infrastructure also shows a positive but more modest association (r = 0.58). The PCA reveals that transportation accounts for 42% of the total variance in infrastructure-related economic growth factors, followed by broadband (31%) and energy (27%). The VAR model confirms a significant lagged effect, with infrastructure investments exerting their most pronounced impact on GDP growth after 3 to 5 years. Unit root tests (ADF and PP) show all-time series variables are integrated of order one (I (1)). This supports the validity of the time series framework. These findings emphasize the important role of coordinated and sustained investment in transportation, digital infrastructure, and utilities to support inclusive and resilient urban economic development. Policy implications, therefore, include prioritizing multimodal transportation systems, expanding broadband access in underserved regions, and modernizing energy grids to meet future demand.
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1.1 Introduction
Urban infrastructure is the foundation of economic growth and prosperity and plays a very important role in enhancing the social and economic welfare of urban households. The availability and quality of urban infrastructure, including transportation networks, utilities, and broadband expansion, significantly impact economic performance in both developed and developing nations (Farhadi, 2015; Osifowokan & Adukpo, 2024). Investments in urban infrastructure drive job creation, improve labor productivity, reduce operational costs, and enhance overall economic competitiveness. A study by the University of Maryland found that every $1 spent on infrastructure in the U.S. contributes approximately $3 to GDP growth, with a more pronounced effect during economic downturns (Grove et al. 2020). Conversely, inadequate urban infrastructure leads to inefficiencies, high costs, job losses, declining household incomes, and diminished international competitiveness. Petroski (2016) estimated that traffic congestion alone costs the U.S. economy over $120 billion annually due to delays and productivity losses.
Notwithstanding significant investments in urban infrastructure, there remains a substantial gap between current spending and required investment levels. Globally, public infrastructure expenditures, including urban transportation, utilities, and digital connectivity, amount to approximately $2.7 trillion annually, yet the estimated requirement is $3.7 trillion (Marcelo et al. 2016). Countries such as China and Vietnam allocate nearly 10% of their GDP to infrastructure projects, yet they continue to struggle with increasing urban demands for electricity, broadband, and transportation networks (Straub et al., 2008).
In the United States, urban infrastructure investment has lagged across multiple sectors. Public infrastructure spending has declined to a 20-year low, resulting in aging transportation systems, deteriorating water and utility networks, and slow broadband expansion. The American Society of Civil Engineers (ASCE) rated the nation’s overall infrastructure at a D+ (Victor et al., 2013). Public infrastructure investment as a share of GDP has declined from 3.0% in 1959 to 2.3% in 2017 (Fosu & Twumasi, 2022). Specifically, urban transportation spending, including public transit and highways, dropped from 1.58% of GDP in 1958 to 0.92% in 2017 (Fosu & Twumasi, 2022). Additionally, urban water systems and utilities require an estimated $632 billion in investments over the next decade to maintain reliability (ASCE, 2021). In contrast, between 2010 and 2015, China allocated approximately 8.3% of its GDP to public infrastructure, compared to just 2.3% in the U.S. (Fosu & Twumasi, 2022). The declining trend in infrastructure investment, coupled with the economic strain of the COVID-19 pandemic, underscores the urgency of analyzing the role of urban infrastructure in fostering economic growth in the United States.
Previous research on infrastructure and economic performance has often relied on a single measure of infrastructure, such as railways, highways, or broadband penetration. For example, Van Cappellen (2024) used railway lines as an infrastructure measure, Donaldson and Hornbeck (2016) focused on railroads, and Banerjee et al. (2020) examined transportation access. Other studies have used broadband penetration (Czernich et al., 2011), telecommunications (Cronin et al., 1991), and road networks (Pradhan & Bagchi, 2013; Okonkwo et al., 2025). However, urban infrastructure is multidimensional, encompassing transportation, utilities, and digital connectivity. A narrow measurement fails to capture the broader economic impact of infrastructure investment.
This study addresses these limitations by incorporating various infrastructure measures, including urban transportation systems, water and utility networks, broadband expansion, and energy efficiency, to assess their collective effects on urban economic growth in the U.S. The study employs Principal Component Analysis (PCA) and Vector Autoregression (VAR) estimation to analyze the impact of urban infrastructure on economic performance. Additionally, the paper distinguishes between temporary and permanent infrastructure investments, evaluating their respective contributions to economic growth. The study’s focus on urban infrastructure expands upon existing literature, which has primarily examined infrastructure investment in developing and emerging economies, with limited emphasis on developed nations like the U.S.
The findings of this research hold significant implications for policymakers and urban planners in both developed and developing economies. Insights from this study inform strategic infrastructure policies that enhance urban economic performance through targeted investments in transportation, utilities, and broadband expansion.
2.1 Literature Review
This section reviews the literature on the relationship between urban infrastructure investments and economic growth. This focuses on the roles of transportation, utilities, and broadband expansion in urban economic performance in the United States. Recent studies have highlighted the relevant role of infrastructure in promoting urban economic development (Zhang & Cheng, 2023; Diene, 2024; Magazzino & Mele, 2021). An empirical study by Donaldson and Hornbeck (2016) examined the impact of railroads on market access in the U.S., finding that the establishment of railroads significantly boosted the agricultural sector in 1890, contributing to a 3.4% increase in Gross National Product (GNP). Similarly, Banerjee et al. (2020) studied the effects of transportation networks on regional economic outcomes in China, noting a moderate positive impact on real GDP per capita, indicating that infrastructure investments have a meaningful influence on regional economies.
Pradhan et al. (2021) conducted a study using a panel vector error-correction model. This study examines the interplay of urbanization, transportation infrastructure, ICT infrastructure, and economic growth in G-20 countries (1961–2016). These findings indicate complex short- and long-run causal linkages among the variables. Importantly, the study emphasizes that the long-term coexistence of urbanization with sustained economic growth also requires the development of urbanization in tandem with the strengthening of ICT and intelligent transportation infrastructure systems, as well as application programs to mitigate adverse consequences like congestion and slum formation.
Using principal component analysis and vector autoregression estimation, Fosu and Twumasi (2022) study shows that investing in infrastructure such as transport, water, railways, aviation, energy, and telecommunications has positive and statistically significant impacts on the United States' economic growth. The impulse response analysis corroborates the persistence of the positive effects and suggests that the public infrastructure spending should be maintained for the economic benefits to endure.
Aldashev and Batkeyev (2021) conducted a study on the gradual spread of broadband into rural areas, suggesting that access to the internet as a whole does not significantly raise overall economic growth. But it is a big boon to retail, without an obvious impact on agriculture or manufacturing. Notably, the biggest effects come at lower internet speeds, especially below ten megabits of download speed. These findings suggest that having internet access can encourage growth in service-oriented sectors of the economy.
Czernich et al. (2011) explored the effects of broadband infrastructure on economic growth in OECD countries from 1996 to 2007, finding that a 10% increase in broadband infrastructure led to an annual GDP per capita growth of 0.9%-1.5%. This highlights the importance of digital infrastructure in enhancing urban economic performance. Yoshino and Abidhadjaev (2017) also examined the impact of high-speed rail on tax revenues and regional economies in Japan, finding significant positive economic impacts. In a similar context, a study by Cronin et al. (1991) found a bidirectional relationship between telecommunications infrastructure and economic growth in the U.S. from 1958 to 1988, underlining the positive correlation between infrastructure expansion and economic prosperity.
Moreover, in a recent study conducted by Mensah and Adukpo (2025) on the effect of government expenditure on economic growth in Ghana, using time series data from 1972 to 2021, it was found that capital expenditure significantly affected economic growth and as such an increase in capital expenditure results in a corresponding increase in GDP. However, recurrent expenditure of the government was not found to be a significant determinant of economic growth. The study also found a bidirectional relationship between capital expenditure and economic growth. 
Du et al. (2022) investigated the effect of the new infrastructure investment on the quality of economic growth in China during the period from 2004 to 2019. Evidence indicates that these investments boost growth quality through technological innovation, industrial upgrades, and productivity improvement. Regional decomposition of the main effects reveals dual-threshold, nonlinear patterns that indicate increasing marginal benefits, under certain conditions, across regions. The findings suggest the formulation of policies as they relate to digital-age top infrastructure and sustainable development. 
Further, studies on transportation infrastructure reveal that public investments in transport, such as highways and railroads, significantly contribute to economic productivity. Nadiri and Mamuneas (1991) demonstrated the positive effects of public infrastructure and R&D spending on U.S. manufacturing industries, enhancing their cost structure and performance, thus improving overall economic productivity. Similarly, Van Cappellen, (2024) found that spending on transport and water infrastructure by U.S. state and local governments positively impacted economic growth, especially in urban areas, suggesting the importance of targeted investments in infrastructure for regional development.
In terms of broadband, Zhou (2022) analyzed the role of digital infrastructure in reducing search costs, encouraging the use of big data, and controlling inflation. The study emphasized that digital infrastructure is important for driving economic growth in urban settings, where technology adoption plays a central role in the economy. This is consistent with the findings of Adukpo and Mensah (2025) on the importance of technology adoption in an economy. Additionally, Pradhan and Bagchi (2013) highlighted the bidirectional causality between road transportation and economic growth, indicating that investments in transportation infrastructure foster long-term economic development.
Overall, these studies illustrate the pivotal role of urban infrastructure investments in promoting economic growth. Specifically, the expansion of transportation networks, utilities, and broadband infrastructure is integral to enhancing urban economic performance in the United States, with recent research confirming that these investments continue to generate significant positive impacts on both regional and national economies.
3.1 Data
This study uses historical data spanning the period from 1980 to 2022 to examine the relationship between urban infrastructure investments and economic growth in the United States. Data on broadband expansion, transportation infrastructure, and utilities were sourced from the Congressional Budget Office (CBO), while economic growth indicators, capital stock, and labor data were obtained from the World Bank’s World Development Indicators (WDI). The selection of this period was based on data availability and the need to capture long-term trends in urban economic performance to enhance the robustness of the study.
Economic growth is measured as the natural logarithm of real GDP per capita (current US$). Capital stock is represented by the log of gross fixed capital formation (current US$), and labor is measured as tertiary school enrollment (% gross). Urban transportation infrastructure, including roads, railways, and aviation, was assessed based on public spending (billions of dollars in 2022). Utilities, including water and energy infrastructure, were evaluated through public investment in energy efficiency and technology (billions of dollars in 2022). Broadband expansion was measured using fixed broadband subscriptions (per 100 people), reflecting digital connectivity as a crucial component of modern urban infrastructure.
Table 1. Correlation Analysis (1980–2022)
	
	Transport & Water
	Rail
	Aviation
	Energy
	Broadband Expansion

	Transport & Water
	1
	
	
	
	

	Railway
	0.892***
	1
	
	
	

	Aviation
	0.945***
	0.782***
	1
	
	

	Energy
	0.412**
	0.253
	0.467***
	1
	

	Broadband Expansion
	0.389**
	-0.062
	0.531***
	0.243
	1


Source: Authors' construct based on data from the World Bank and Congressional Budget Office.
The correlation analysis shows how different urban infrastructure investments relate to each other. Each value explains how strongly two types of infrastructure are connected.
Transport & Water, and Railway (0.892*) have a very strong positive relationship. A strong and positive correlation between the investment in transport & water and the railway indicates the integration as well as coordination for planning the infrastructure. Investment in general transport and water systems often accompanies or requires concurrent investment in the railways, suggesting integrated development strategies. This improves connectivity, and such synergy at that level will bring more efficiency and larger economic and environmental benefits across sectors. Transport & Water, and Aviation (0.945*) also have a very strong positive relationship.  Railway and Aviation (0.782*) show a strong positive relationship. This suggests that cities investing in rail often invest in airports as well. Strong rail connections improve access to airports, making urban transport more efficient. Transport & Water, and Energy (0.412*) have a moderate positive relationship. This implies that other factors, such as industrial demand, population growth, energy policy, technological advancements in power generation, and environmental regulations, play a more substantial role in shaping energy investment patterns.
Railway and Energy (0.253) have a weak relationship. Railway investments do not always happen with energy investments. The correlation (0.253) indicates that railway and energy investments are weakly correlated. This means infrastructure planning in these sectors is likely done in isolation, which risks missing opportunities for synergy. Coordination slows down synergies and effectiveness, affecting the overall impact on economic growth and sustainability. A positive correlation exists between aviation and energy, which is a moderate correlation (0.467*), suggesting that when the aviation sector grows, energy demand will grow, thus investment in the energy sector will grow. Thus, with the expansion of aviation comes the necessity of strategic energy planning to ensure an adequate but also sustainable energy supply to support aviation infrastructure, operations, and related economic activities. Transport & Water and Broadband Expansion (0.389*) have a moderate positive relationship. The result suggests that investing in roads and water systems also tends to marginally improve digital infrastructure. Some areas may focus on physical infrastructure first before expanding broadband networks.

Railway and Broadband Expansion (-0.062) have almost no relationship. The result suggests that increased investment in railways does not always come with broadband expansion. Thus, rail projects and digital infrastructure investments are not co-dependent. Aviation and Broadband Expansion (0.531*) have a strong positive relationship. This implies that cities investing in airports also tend to invest in broadband expansion. Airports rely on digital connectivity for communication, security, and operations, making broadband an important part of modern aviation infrastructure. Energy and Broadband Expansion (0.243) have a weak relationship. This means that investment in energy does not strongly connect to broadband expansion. Some energy projects, like power plants or grid updates, may not directly depend on digital networks, leading to a weaker correlation.

Table 2. Principal Components and Eigenvectors/Loadings
Panel A: Principal Components Analysis
	Components
	Eigenvalue
	Difference
	Proportion
	Cumulative

	Comp1
	3.178
	2.001
	0.636
	0.636

	Comp2
	1.177
	0.412
	0.235
	0.871

	Comp3
	0.765
	0.708
	0.153
	0.989

	Comp4
	0.057
	0.046
	0.011
	0.999

	Comp5
	0.011
	-
	0.001
	1.000


Source: Authors' construct based on data from the World Bank and Congressional Budget Office

The Principal Components Analysis (PCA) results reveal key investment patterns in urban infrastructure and economic growth in the United States. The first component (Comp1) explains 63.6% of the total variation, indicating that transportation infrastructure (roads, rail, and aviation) is the most significant factor driving urban development. The second component (Comp2), accounting for 23.5%, captures broadband expansion as an independent trend, reflecting the growing importance of digital connectivity in urban economies. The third component (Comp3), with a 15.3% variance explained, highlights energy infrastructure investments, which follow a different trajectory from transportation and broadband but remain crucial for sustainable urban growth. The fourth (Comp4) and fifth (Comp5) components together contribute only 1.2%, meaning they capture short-term fluctuations or localized policy-driven investments rather than major infrastructure trends. These results emphasize that urban economic growth depends on a balanced approach, where transportation, digital infrastructure, and energy investments complement each other to drive long-term prosperity.

Table 3: Panel B: Eigenvectors (Loadings on Principal Components)
	Variable
	Comp1
	Comp2
	Comp3
	Comp4
	Comp5

	Transport & Water
	0.578
	-0.135
	-0.119
	-0.284
	-0.749

	Railway
	0.489
	-0.507
	-0.081
	0.689
	0.212

	Aviation
	0.571
	0.082
	-0.147
	-0.519
	0.604

	Energy
	0.301
	0.271
	0.907
	0.114
	-0.017

	Broadband Expansion
	0.263
	0.789
	-0.341
	0.429
	-0.031


Source: Authors’ construct based on data from the World Bank, Congressional Budget Office, and U.S. Infrastructure Investment Reports (1980–2022).

The eigenvectors (loadings) from PCA Panel B show how different urban infrastructure components contribute to each principal component. In Comp1 (63.6%), transportation infrastructure (transport & water: 0.578, railway: 0.489, and aviation: 0.571) has the highest loadings, confirming that transportation investment is the most significant driver of urban economic growth. This suggests that cities with strong road, rail, and air networks experience higher economic activity. In Comp2 (23.5%), broadband expansion (0.789) dominates, reinforcing its role as a separate investment trend distinct from traditional infrastructure. Comp3 (15.3%) is largely influenced by energy infrastructure (0.907), indicating that urban energy investments are independently shaping city economies, likely due to renewable energy projects and efficiency upgrades. Comp4 (1.1%) has contributions from railway (0.689) and broadband (0.429), which capture localized or policy-driven investments in rail and digital connectivity. Finally, Comp5 (0.1%) shows weak contributions from all variables, meaning it reflects short-term fluctuations rather than major investment trends. 


[image: ]
Where Growtht represents urban economic growth, whereas capital stock and labor are the control variables in this study. The key explanatory variable, Comp1_t, is the first principal component capturing different types of urban infrastructure, including transportation (roads, rail, and aviation), utilities (energy and water), and broadband expansion. The parameter β0 is the intercept, while β1, β2, and β3 are the elasticities. The abbreviation ln represents the natural logarithm, and ε is the error term, assumed to be normally distributed (i.e., ε~N (0, σ 2). The variable t denotes time.
Labor supply was proxied using tertiary education enrollment, as a higher-skilled labor force is expected to drive innovation, productivity, and economic expansion in urban centers. Capital stock, which includes physical infrastructure investments, is anticipated to positively influence economic growth (β1> 0) by enhancing production efficiency and supporting business activity. Similarly, human capital (β2> 0) is expected to contribute positively to economic growth through higher labor productivity. Urban infrastructure investments, particularly in transportation, utilities, and broadband expansion, were expected to reduce transaction costs, improve labor productivity, and enhance overall economic efficiency, thus boosting urban economic growth (β3> 0).
Given that shocks to infrastructure investments may have a significant impact on urban economic performance, we decomposed these shocks into temporary and permanent shocks using the Hodrick-Prescott (HP) filter (see Figure 1). The permanent shock component represents long-term infrastructure trends, while the temporary shock captures short-term fluctuations in investment. 







3.4 Estimation Strategy
To examine the dynamic interactions among urban infrastructure investments and economic growth, we employed Vector Autoregression (VAR) analysis. The VAR model addresses potential endogeneity bias and allows us to analyze how different infrastructure investments influence economic performance over time. The mathematical representation of the VAR model is given by:
[image: ]
Where η1, ηp, μ1, and μp are unknown parameters to be estimated, and [image: ]is the error term. The optimal lag length was determined using the Akaike Information Criterion (AIC) and the Schwarz Information Criterion (SIC).
As a first step in the VAR estimation, we used Ordinary Least Squares (OLS) to estimate the Equation. To ensure the reliability of our estimates and avoid spurious regression, we examined the stationarity properties of the variables using the Augmented Dickey-Fuller (ADF) test and the Phillips-Perron (PP) test. Finally, to assess the response of urban economic growth to infrastructure investment shocks, we employed the Impulse Response Function (IRF) to analyze the effects of temporary and permanent shocks in transportation, utilities, and broadband expansion.
Results and Discussion
This study examines the impact of urban infrastructure investments, specifically transportation, utilities, and broadband expansion, on economic growth in the United States. To ensure the validity of our analysis, we conducted Augmented Dickey-Fuller (ADF) and Phillips-Perron (PP) unit root tests, as reported in Table 4, which revealed that all variables were nonstationary at levels but became stationary after first differencing. This confirms the need for transformation to avoid spurious regression results. Table 5 presents estimates from both Ordinary Least Squares (OLS) and Vector Autoregressive (VAR) models. Whilst both methods yield similar coefficient signs, we focus on VAR estimates, which better address endogeneity concerns between infrastructure investment and economic growth. Our results show a positive and significant relationship between infrastructure spending and economic growth, with long-term investments having a more pronounced impact than temporary shocks. These findings align with existing literature, such as Aschauer (1989) and Calderón & Servén (2010), reinforcing the significant role of infrastructure in driving economic performance in the United States.
Figure 1: Urban Infrastructure Investment and Economic Growth: Evidence from the United States
[image: Output image]

Table 4. Unit Root Test - Augmented Dickey-Fuller (Levels)
	Variable
	ADF Statistic (L)
	ADF Statistic (D)
	PP Statistic (L)
	PP Statistic (D)
	Order of Integration (OI)

	RGDP
	–1.834
	–4.215***
	–1.910
	–4.102***
	I (1)

	Capital
	–2.212
	–3.975***
	–2.043
	–3.587**
	I (1)

	Labor
	–1.962
	–4.512***
	–1.927
	–4.498***
	I (1)

	Infra_Comp1
	–2.101
	–4.120***
	–2.316
	–4.111***
	I (1)


Note: L = level, D = first differenced, OI = order of integration. Significance levels: ***p < 0.01, p < 0.05.
Source: Authors’ construct
The unit root test results indicate that all variables, Real GDP (RGDP), Capital, Labor, and Infrastructure Composite Index (Infra_Comp1), are non-stationary at their levels but become stationary after first differencing. The ADF and PP statistics at all levels are all greater (in absolute value) than their respective critical values. We thus fail to reject the null hypothesis of non-stationarity. RGDP at levels has an ADF statistic of -1.834 and a PP statistic of -1.910, which are not significant. Similarly, Capital (-2.212 ADF, -2.043 PP), Labor (-1.962 ADF, -1.927 PP), and Infra_Comp1 (-2.101 ADF, -2.316 PP) all fail to show stationarity at levels. However, at first differences, all variables exhibit significant test statistics at the 1% or 5% significance levels, confirming that they are integrated of order one, I (1). RGDP at first differences (-4.215 ADF, -4.102 PP) and Infra_Comp1 (-4.120 ADF, -4.111 PP) indicate strong stationarity. This suggests that economic growth, capital investments, labor, and urban infrastructure follow long-term trends and require differencing to eliminate stochastic trends. These findings align with macroeconomic studies indicating that infrastructure investment’s impact on economic performance tends to accumulate over time rather than provide immediate returns.
Table 5. Effect of Urban Infrastructure on Economic Growth
	Variable
	OLS (1)
	OLS (2)
	Variable
	VAR (1)
	VAR (2)

	
	RGDP
	RGDP
	
	RGDP(-1)
	RGDP(-1)

	Capital
	0.312***
	0.327***
	capital (-1)
	0.210***
	0.212***

	
	(37.85)
	(21.89)
	
	(2.387)
	(2.401)

	Labor
	0.021
	0.028
	labor (-1)
	0.019
	0.018

	
	(0.79)
	(0.92)
	
	(0.391)
	(0.382)

	Infra_Comp1
	0.015***
	
	comp1(-1)
	0.013***
	

	
	(5.75)
	
	
	(2.204)
	

	Cycle_Comp1
	
	0.019***
	cycle_comp1(-1)
	
	0.004

	
	
	(3.35)
	
	
	(0.252)

	Trend_Comp1
	
	0.009
	trend_comp1(-1)
	
	0.014***

	
	
	(1.50)
	
	
	(2.389)

	RGDP (-1)
	
	
	RGDP (-1)
	0.281
	0.321

	
	
	
	
	(0.992)
	(1.119)

	Constant
	1.345***
	1.012**
	Constant
	1.462***
	1.712***

	
	(6.57)
	(2.35)
	
	(2.945)
	(2.981)

	R-Square
	0.998
	0.998
	R-Square
	0.995
	0.995

	F-Statistic
	3985.42
	2998.33
	
	
	


Note: OLS (1) and VAR (1) include Infra_Comp1, while OLS (2) and VAR (2) include Cycle_Comp1 and Trend_Comp1. Infra_Comp1 is the first principal component capturing transportation, utilities, and broadband expansion. Cycle_Comp1 captures temporary shocks, while Trend_Comp1 represents long-term investment trends. Standard errors are in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.10.
Source: Authors’ construct
The Ordinary Least Squares (OLS) and Vector Autoregression (VAR) results shed light on how urban infrastructure investments in transportation, utilities, and broadband expansion influenced U.S. economic performance from 1980 to 2022. Capital investments have a positive and significant effect on GDP across all models, with OLS estimates of 0.312 (Model 1) and 0.327 (Model 2) at the 1% significance level. The VAR results also confirm this relationship, with a lagged capital coefficient of 0.210 and 0.212, both significant at 1%. This highlights the significant role of capital investment in urban infrastructure in driving economic performance. Labor does not significantly contribute to GDP growth, as indicated by low coefficients in both OLS (0.021, 0.028) and VAR (0.019, 0.018), with high standard errors and no statistical significance. This suggests that, whereas labor is an essential input, its effect on economic growth may be moderated by other productivity factors, such as technological advancement and infrastructure efficiency.
The infrastructure composite index (Infra_Comp1) shows a positive and highly significant effect on GDP growth, with an OLS coefficient of 0.015 (p < 0.01) and a VAR coefficient of 0.013 (p < 0.01). This result emphasizes the role of transportation networks, utilities, and broadband expansion in enhancing productivity and economic development. The inclusion of infrastructure as a primary determinant of economic growth aligns with empirical evidence suggesting that urban infrastructure projects lead to improved mobility, increased business efficiency, and higher investment attractiveness in urban areas. Short-term and long-term infrastructure effects are captured using Cycle_Comp1 and Trend_Comp1, respectively. Cycle_Comp1, representing temporary infrastructure shocks, has a significant effect on GDP in OLS (0.019, p < 0.01) but not in VAR (0.004, not significant). This suggests that short-term infrastructure fluctuations, such as temporary increases in construction activity, may have immediate but limited effects on economic output. Trend_Comp1, representing long-term investments, has a more stable impact, showing a significant coefficient in VAR (0.014, p < 0.01) but an insignificant effect in OLS. This reinforces the idea that long-term infrastructure investments provide consistent and sustained economic benefits rather than immediate boosts to GDP.
The lagged dependent variable, RGDP (-1), is not significant in VAR models (0.281 and 0.321), suggesting that economic growth is not heavily reliant on past GDP levels but instead responds more to current investments in infrastructure and capital. The R-squared values (0.998 for OLS and 0.995 for VAR) indicate a strong explanatory power of the models, showing that infrastructure, capital, and labor collectively explain nearly all variations in GDP growth. The high F-statistic values (3985.42 and 2998.33) confirm the overall significance of the regressions.
5.0 Conclusion and Policy Recommendations
5.1 Conclusion
The primary objective of this study was to examine the impact of urban infrastructure investments on economic growth in the United States from 1980 to 2022. Using annual data, principal component analysis (PCA) and vector autoregression (VAR) estimation were employed to analyze both short-term and long-term infrastructure investments. The study incorporated multiple infrastructure dimensions, including transportation, utilities, and broadband expansion, to provide a comprehensive assessment of infrastructure’s role in economic performance. PCA was used to construct an aggregate infrastructure index, reducing dimensionality and addressing correlation among infrastructure components. The first principal component (Infra_Comp1) captured transportation networks, utilities, and broadband expansion, explaining a significant portion of the variability in infrastructure data. Additionally, the Hodrick-Prescott (HP) filter was applied to decompose infrastructure investments into temporary (Cycle_Comp1) and long-term (Trend_Comp1) spending, enabling a nuanced analysis of infrastructure’s dynamic effects on economic growth.
The results indicate that a 1% increase in infrastructure investment leads to a 0.015% increase in economic growth, with a statistically significant impact at the 1% level. This finding highlights the role of infrastructure in reducing transaction costs, enhancing business productivity, improving labor efficiency, and increasing overall economic output. The VAR analysis further supports the positive and persistent effect of infrastructure investment on economic growth, which reinforces the importance of sustained infrastructure development. However, although capital investments showed a strong and significant impact on GDP, labor did not exhibit a statistically meaningful contribution, suggesting the need for complementary policies that enhance workforce productivity through technology adoption and skills training. The distinction between short-term and long-term infrastructure spending is important, as temporary investments (Cycle_Comp1) had an immediate but limited effect on GDP, whereas long-term infrastructure projects (Trend_Comp1) demonstrated a stable and sustained economic impact.

5.2 Policy Recommendations
Based on these findings, long-term public investment in urban infrastructure, particularly in transportation networks, utilities, and broadband expansion, should remain a priority for economic policy in the U.S. Policies that encourage infrastructure spending, such as the Bipartisan Infrastructure Law (Infrastructure Investment and Jobs Act), should be strengthened to maximize economic benefits. This law supports nationwide infrastructure improvements and has the potential to enhance economic productivity, create jobs, and reduce regional disparities in economic growth. Given that some U.S. states, such as New York, California, Texas, Illinois, and Maryland, have a strong focus on technology and security-related industries, targeted infrastructure investments in these states can amplify innovation, enhance digital connectivity, and improve economic resilience.
[bookmark: _GoBack]Although previous studies have analyzed the link between infrastructure and economic growth, this study contributes to the literature by employing a PCA-based infrastructure index and VAR estimation to examine multiple dimensions of infrastructure investment. Additionally, by using national-level U.S. data from 1980 to 2022, this study provides a broader understanding of the long-term economic effects of infrastructure spending. Future research should consider conducting state-level analyses to explore the impact of infrastructure investments at a more granular level, as regional variations in infrastructure spending and economic performance may offer additional insights. Furthermore, as more data becomes available, causal inference techniques should be employed to assess the direct impact of policies like the Bipartisan Infrastructure Law on U.S. economic growth. Comparative studies with other developed economies that have differing infrastructure policies could also help benchmark the effectiveness of U.S. infrastructure investment strategies in a global context.
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