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Abstract

Infrastructure development is increasingly recognized as a key driver of inclusive economic growth and human
development. This paper investigates the empirical relationship between the Composite Infrastructure Index (CII)
and critical development indicators—namely per capita income, infant mortality rate (IMR), literacy rate, Human
Development Index (HDI), and the Multidimensional Poverty Index (MPI)—across Indian states for the years 2011
and 2021. Drawing on national and international evidence, the study highlights how both economic and social
infrastructure significantly influence development outcomes. The analysis reveals a strong positive correlation
between infrastructure levels and income, literacy, and HDI, while showing a negative association with IMR and
multidimensional poverty. These findings underscore the transformative potential of infrastructure investments not
only in boosting productivity but also in reducing regional disparities and enhancing quality of life. The paper
concludes by advocating for region-specific, integrated infrastructure planning as a cornerstone of sustainable and
equitable development in India.
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1. Introduction

Infrastructure is not merely a facilitator of economic activity—it is deeply intertwined with the broader dimensions
of human and social development. As emphasized in earlier papers, both economic and social infrastructure have
evolved significantly in India over the past decades. However, a critical question remains: how does this infrastructure
development translate into tangible developmental outcomes across states?

This paper seeks to empirically examine the association between composite infrastructure indices, developed in the
previous paper, and key development indicators such as per capita income, literacy rate, infant mortality rate (IMR),
Human Development Index (HDI), poverty ratios, and the Multidimensional Poverty Index (MPI). By exploring these
relationships for the years 2011 and 2021, the analysis aims to uncover the extent to which improvements in
infrastructure contribute to human well-being, economic prosperity, and poverty alleviation.

The rationale behind this exploration stems from the growing recognition that development is multi-faceted and
interlinked. A state's infrastructure may enhance its income levels, but it may also play a critical role in improving
health outcomes, promoting education, and reducing regional disparities. Understanding these linkages is essential
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for policymakers, as it provides a robust basis for prioritizing infrastructure investments that yield the highest
developmental returns.

Accordingly, this paper is organized as follows. The subsequent sections analyze the correlation between the
Composite Infrastructure Index (CII) and various development indicators through visual and statistical comparisons.
The aim is to identify not only the strength of association but also disparities across states and over time. The paper
concludes with a synthesis of findings and policy implications.

Infrastructure forms the backbone of any economy, enabling the smooth functioning of productive sectors and acting
as a catalyst for economic growth and social transformation. It includes both economic infrastructure—such as
transport, energy, irrigation, banking, and digital networks—and social infrastructure, including education,
healthcare, housing, and sanitation. The availability, accessibility, and quality of infrastructure directly impact a
nation’s productivity, competitiveness, human development, and overall quality of life.

Infrastructure plays a dual role: it facilitates immediate economic activities by reducing transaction costs, increasing
market accessibility, and enhancing resource efficiency, and it also contributes to long-term development by fostering
inclusive growth, human capital formation, and regional equity.

2. Brief Review of Literature

Numerous national and international studies have explored the multifaceted relationship between infrastructure and
development, highlighting its impact on productivity, economic growth, health, education, and poverty reduction.
This section presents a synthesis of key contributions that have informed the present analysis.

Ahluwalia (2002) emphasized that high-quality infrastructure—such as roads, ports, -electricity, and
telecommunications—is essential for attracting private investment and enhancing regional competitiveness. He
advocated for the prioritization of infrastructure development at the state level to address growing disparities.

Hanagodimath (2013) performed an intra-state comparative analysis of district-level Human Development Index
(HDI) in Karnataka and Tamil Nadu, concluding that health, education, and income disparities within states are deeply
shaped by infrastructure inequalities.

Aschauer (1989) provided one of the foundational empirical studies linking public infrastructure investment with
productivity growth. His research in the U.S. context demonstrated that a 1% increase in public capital led to a 0.4%
increase in private sector productivity, underscoring infrastructure’s centrality to economic performance.

Sahoo and Dash (2009) focused on the Indian context and found that infrastructure investment contributed
approximately 1.2% to India’s annual GDP growth between 1970 and 2006. Their study revealed that better
infrastructure significantly enhanced both agricultural productivity and industrial development.

Ghosh and De (2005) conducted a comprehensive state-level analysis in India and identified strong positive
correlations between infrastructure indices and state GDP levels. Their findings reinforced the notion that regional
disparities in infrastructure explain much of the variance in economic outcomes.

Hanagodimath (2018) examined the association between educational attainment and various socio-economic
indicators across Indian states, highlighting that improvements in education infrastructure are strongly correlated with
better income, health, and demographic outcomes.

Kaur (1997) examined the impact of infrastructure investment on Net State Domestic Product (NSDP) in 17 major
Indian states over a ten-year period. Using regression models, she found that infrastructure investment had a
significant and positive effect on NSDP, particularly when considering transport, power, and communication sectors.
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Hanagodimath and Bramhanandam (2015) conducted a study on service level benchmarking across Urban Local
Bodies (ULBs) in Karnataka, revealing significant regional imbalances in urban infrastructure delivery and municipal
performance.

Majumder (2003) analysed district-level infrastructure disparities and concluded that wide regional variations persist,
with backward districts suffering from chronic infrastructure deficits. He argued that targeted investments were
necessary to ensure balanced regional development.

Tilak (2007) established the link between educational infrastructure and development outcomes. He showed that
improvements in school infrastructure—such as buildings, electricity, and sanitation—are directly correlated with
better learning outcomes and higher enrolment, especially for girls.

Bhatia (1999) studied rural infrastructure’s effect on agricultural output and found that inadequate infrastructure was
a major constraint to productivity in less developed states. He stressed the importance of targeted infrastructure
financing to enhance rural livelihoods.

Hanagodimath (2012) analyzed the status of health infrastructure in India through an inter-state comparison, finding
that disparities in health outcomes are closely linked to variations in infrastructure availability and public health
investment.

Moreno-Dodson and Agenor (2006) explained how infrastructure investments can improve not only economic
productivity but also human development by facilitating access to health and education services. Their framework
included feedback loops showing how improved health outcomes can in turn reinforce economic growth.

Kathuria et al. (2018) evaluated the transformative potential of digital infrastructure, estimating that a 10% increase
in internet penetration could lead to a 1.08% increase in state GDP. Their findings highlighted synergies between
physical and digital infrastructure in accelerating development.

Hanagodimath (2020) undertook an in-depth analysis of district-level disparities in infrastructure and development in
Karnataka. His study highlighted the uneven distribution of infrastructure investment across districts, correlating it
with variations in literacy, health outcomes, and per capita income. The research emphasized the importance of
composite indices for tracking infrastructure and advocated for a need-based, decentralized approach to infrastructure
planning. By integrating spatial and socio-economic data, Hanagodimath’s study provided critical insights into how
infrastructure gaps exacerbate inter-district inequalities and offered policy suggestions to bridge them through targeted
public expenditure.

These studies collectively affirm that infrastructure is not merely a background facilitator, but a vital determinant of
a region's socio-economic trajectory. They also point to the need for nuanced, context-specific strategies that address
both physical and institutional dimensions of infrastructure development

2.1 Global Experiences and Evidence

Several international studies and country-level experiences affirm the strong association between infrastructure
development and overall economic and human development:

China: The dramatic economic transformation of China over the last four decades has been underpinned by massive
investments in infrastructure. Between 1990 and 2020, China spent over 8% of its GDP annually on infrastructure.
According to the World Bank (2019), these investments helped reduce poverty from over 66% in 1990 to under 1%
in 2020. Improved transport connectivity, energy access, and digital infrastructure played key roles in boosting
manufacturing, rural incomes, and urban-rural linkages.
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United States: Aschauer’s (1989) seminal work demonstrated that a 1% increase in public capital investment led to a
0.4% increase in private sector productivity in the U.S. The study emphasized that public infrastructure—such as
roads, water systems, and electricity—significantly enhanced the productivity of private capital and labor, validating
infrastructure’s critical role in sustaining economic performance.

South Korea: South Korea’s “Miracle on the Han River” in the post-war period was driven by deliberate state-led
investments in infrastructure, particularly transport, power generation, and education. The country’s well-integrated
infrastructure facilitated rapid industrialization and export-led growth, lifting it from one of the poorest countries in
the 1950s to a high-income economy by the early 2000s.

Sub-Saharan Africa: Conversely, limited infrastructure remains a major constraint to development in many African
countries. According to the African Development Bank (2018), infrastructure deficits reduce productivity by as much
as 40% in some countries and cut growth rates by 2 percentage points annually. The Bank estimates that to meet
development needs, African countries need to invest $130—170 billion annually in infrastructure, with a financing gap
of over $60 billion.

India: A study by Sahoo and Dash (2009) covering 1970-2006 found that infrastructure investment contributed about
1.2% to India’s annual GDP growth. Regions with better access to roads, electricity, and irrigation experienced higher
agricultural productivity and industrial expansion, validating the positive spillover effects of infrastructure on
inclusive development.

2.2 Infrastructure and Multi-Dimensional Development
Beyond economic growth, infrastructure influences several other dimensions of development:

Health: Access to clean water, sanitation, and reliable electricity is crucial for improving public health outcomes. The
WHO estimates that inadequate water and sanitation contribute to 80% of diseases in developing countries.

Education: Schools with electricity, toilets, and transportation facilities have significantly higher enrolment and
retention rates, particularly for girls.

Poverty Reduction: Studies from the International Food Policy Research Institute (IFPRI) show that rural road
investments in India yielded higher poverty reduction than other public investments due to increased agricultural
marketing and non-farm employment opportunities.

3. Association of Infrastructure with Development Indicators

Infrastructure does not function in isolation—it is deeply embedded in the broader developmental ecosystem of a
region. This section explores the empirical relationship between the Composite Infrastructure Index (CII) and key
socio-economic indicators such as per capita income, infant mortality rate, literacy rate, Human Development Index
(HDI), and poverty levels across Indian states for the years 2011 and 2021. By examining these associations, the
analysis aims to uncover how infrastructure development translates into measurable improvements in living standards,
health, education, and income. The section employs comparative visuals and interpretive insights to demonstrate how
infrastructure acts as both a driver and enabler of inclusive growth and human development.

3.1 Association of CII and Per Capita Income (2011 and 2021)

The relationship between the Composite Infrastructure Index (CII) and per capita income across Indian states reveals
a strong and positive association in both 2011 and 2021. States with higher infrastructure scores—such as Punjab,
Gujarat, Maharashtra, and Tamil Nadu—also recorded higher levels of per capita income. This trend is consistent
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with theoretical expectations: infrastructure enhances productivity, reduces transaction costs, facilitates market
access, and enables industrial and service sector growth, which in turn boosts income (Figure 1)

Figure 1: Association of CII and Per capita income for the year 2011 and 2021
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Source: Calculated from the data collected from Handbook of Statistics on Indian States, RBI, various issues

Between 2011 and 2021, the overall correlation appears to have strengthened, indicating that the income-enhancing
effect of infrastructure has become more pronounced over time. This could be attributed to improved connectivity
(roads, digital), expanded energy access, and better service delivery, particularly in states that made targeted
investments. For instance, Andhra Pradesh and Karnataka, which improved their infrastructure rankings, also
witnessed notable per capita income gains.

However, some states like Bihar and Uttar Pradesh continue to lag in both CII and income levels, reinforcing the
persistence of regional disparities. These patterns emphasize the need for tailored infrastructure strategies in low-
performing states to bridge developmental gaps and promote inclusive economic growth.

3.2 Association of CII and Infant Mortality Rate (IMR) (2011 and 2021)

Figure 2: highlights an inverse relationship between infrastructure quality (CII) and Infant Mortality Rate (IMR),
underscoring how better infrastructure contributes to improved child health outcomes. In both 2011 and 2021, states
with higher infrastructure levels—such as Kerala, Himachal Pradesh, and Tamil Nadu—recorded significantly lower
IMR figures, affirming the critical role of water, sanitation, electricity, healthcare, and transportation infrastructure in
saving lives.
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Figure 2: Association of CII and Infant Mortality Rate (IMR) 2011 and 2021
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From 2011 to 2021, the overall decline in IMR across all states was more marked in those with a substantial
improvement in their infrastructure indices. For example, Odisha, which implemented wide-reaching health and
nutrition programs in tandem with infrastructure upgrades, saw its IMR fall sharply. Conversely, states like Madhya
Pradesh and Assam, which showed only modest infrastructure improvements, continued to struggle with higher IMR.

This pattern highlights that infrastructure development—particularly in health centers, roads, and clean water
access—is not merely an economic lever but a life-saving investment. The evidence supports policy convergence
between health and infrastructure planning for effective public health outcomes.

3.3 Association of CII and Literacy Rate

The positive relationship between CII and literacy rate illustrates how infrastructure development underpins
educational advancement. States like Kerala, Himachal Pradesh, and Tamil Nadu, which have well-established school
infrastructure, transport networks, and household electrification, show the highest literacy levels. Infrastructure
enhances physical access to schools, student attendance, and learning environments through better classrooms,
lighting, and sanitation.
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Figure 3: Association of CII and Literacy Rate
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Figure 3 suggests that states with lower infrastructure scores—such as Bihar and Jharkhand—also report weaker
literacy outcomes, reflecting the compounded effect of inadequate school facilities and socio-economic disadvantage.
Despite progress through flagship schemes like Sarva Shiksha Abhiyan and the Right to Education Act, the
infrastructural gap continues to act as a structural barrier to universal literacy.

The association also highlights that mere enrollment is not enough—adequate and equitable infrastructure is a
prerequisite for sustained educational participation and learning outcomes, especially among rural and marginalized
groups.

3.4 Association of CII and Human Development Index (HDI) (2011 and 2021)

The relationship between CII and HDI is one of the most comprehensive, as the HDI aggregates health, education,
and income—each directly influenced by infrastructure. In both 2011 and 2021, a strong positive correlation is
evident: states with higher infrastructure development report superior HDI scores. Kerala, which consistently leads in
HDI, also ranks high in infrastructure, particularly in health and education facilities (figure 4).

Figure 4: Association of CII and Human Development Index (HDI) 2011 and 2021
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From 2011 to 2021, the strength of association increased, showing that infrastructure has become a more decisive
factor in human development. States such as Telangana and Himachal Pradesh improved their infrastructure rankings
and simultaneously saw a rise in HDI. In contrast, infrastructure-deficient states continued to report low HDI, showing
that progress remains uneven.

This trend supports the argument that human development requires sustained public investment in both economic
(transport, power) and social infrastructure (healthcare, schools). Infrastructure acts as the physical foundation that
enables delivery of services vital for improving quality of life.

3.5 Association of CII and Poverty Ratio & Multi-Dimensional Poverty Index (MPI) (2011 and 2021)

The association depicted in Figure 5 is negative, as expected: higher infrastructure scores are linked with lower
poverty ratios and MPI values. In states like Kerala, Gujarat, and Himachal Pradesh, strong infrastructure systems
have facilitated access to basic services, employment opportunities, and income-generating activities—resulting in
reduced multidimensional poverty.

Figure 5: Association of CII and Poverty Ratio and Multi-Dimensional Poverty Index 2011 and 2021

600 R? Linear = 0.496 600 R2 Linear = 0.663
500-]
400+

o
y=05+6 92E-3"
s}

300 o o

400

Cl12011
Cli 2021

© 300
200

100 200

T
0o 1000 2000 3000 4000 00 05 10 18 20
Poverty Ratio 2010-11 MP1-2019-20

Source: Calculated from the data collected from Handbook of Statistics on Indian States, RBI, various issues

Between 2011 and 2021, the trend line steepened, suggesting a stronger inverse relationship in the more recent period.
This reflects the cumulative benefits of rural roads, electricity, banking, and social protection delivery platforms
reaching marginalized populations. Improvements in digital infrastructure and financial inclusion programs also
played a role in reducing MPI dimensions such as lack of education, health, and assets.

On the other hand, states such as Bihar, Jharkhand, and Uttar Pradesh continued to exhibit both poor infrastructure
and high MPI scores, reaffirming that infrastructure deprivation is a root cause of multidimensional poverty. The
findings stress the need for integrated infrastructure planning focused on poverty-prone districts to achieve equitable
development.

4. Conclusion

The analysis presented in this paper reinforces the centrality of infrastructure in driving comprehensive socio-
economic development across Indian states. By empirically examining the relationship between the Composite
Infrastructure Index (CII) and key development indicators—such as per capita income, infant mortality rate, literacy
rate, Human Development Index (HDI), and multidimensional poverty—it becomes evident that infrastructure is not
merely a physical construct but a transformative force.

States that invested significantly in both economic and social infrastructure consistently demonstrated better
developmental outcomes. The strong positive correlation between CII and indicators like per capita income and HDI
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highlights infrastructure’s role in promoting prosperity, equity, and well-being. Similarly, the inverse association with
infant mortality and poverty measures reveals infrastructure’s capacity to mitigate vulnerabilities and bridge social

gaps.

Furthermore, the temporal comparison between 2011 and 2021 shows that the association between infrastructure and
development indicators has deepened over time, indicating the compounding impact of sustained infrastructure
investments. However, persistent disparities across regions—especially in states like Bihar, Uttar Pradesh, and
Jharkhand—point to the unfinished agenda of inclusive infrastructure development.

The findings of this paper underscore the need for integrated, region-specific infrastructure strategies that prioritize
both access and quality. Investments in roads, electricity, banking, health, and education facilities must be aligned
with broader development goals to ensure that no region or community is left behind. For policymakers, the message
is clear: infrastructure is not just an enabler of growth, but a foundational tool for achieving human development and
social justice.
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