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Abstract

Purpose: This study systematically examines inter-district disparities in
social infrastructure across Rajasthan's 33 districts and their causal
relationship with rural development outcomes.

Design/Methodology: Employing PCA, the study constructs a
composite Infrastructure Development Index (IFI) across Social
Infrastructure (education, healthcare, sanitation) and Economic
Infrastructure (roads, irrigation, banking), validated against PCNDDP
and poverty indices.

Findings: Jhunjhunu, Sikar, and Ganganagar consistently outperform all
districts. Barmer, Jaisalmer, and Sirohi exhibit the most acute
deficiencies. A robust positive IFI-PCNDDP correlation and inverse
poverty association confirm infrastructure as a primary lever of rural
prosperity.

Originality/value: This study contributes a replicable district-level
comparative framework integrating PCA with development theory,
offering policymakers a diagnostic tool for equity-focused
infrastructure investment in India’s largest state.

Keywords: Rural Development; Social Infrastructure; Economic
Growth; PCA; Infrastructure Development Index; Rajasthan; Regional
Disparities; Human Capital; Poverty Alleviation

Introduction

India's development narrative in the post-liberalisation era has been
characterised by a persistent and widening gap between urban
dynamism and rural stagnation. While aggregate economic indicators
have improved markedly, the trajectories of rural districts — particularly
in geographically marginalised and ecologically fragile states — reveal
amore nuanced picture of selective and spatially uneven growth. Within
this broader context, Rajasthan — India's largest state by area (342,239
sg. km), encompassing 33 districts, over 44,000 villages, and a
population exceeding 68 million — presents a compelling and critically
important case study in rural infrastructure-led development.

Rajasthan's rural landscape is defined by its extraordinary
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heterogeneity: from the hyper-arid Thar Desert in the west,
the semi-arid plains of the north, the mineral-rich Aravalli
highland belt, and the relatively fertile river plains of the
east, each zone confronts distinct infrastructural
imperatives and development trajectories. Superimposed
on this physical diversity are deep socio-cultural cleavages
rooted in caste hierarchies, gender inequity, and historical
underdevelopment that have profoundly shaped who can
access, and meaningfully benefit from, public
infrastructure investments (Chopra, 2020; Joshi & Kumar,
2022).

Social infrastructure — broadly defined as the institutions,
facilities, networks, and services that support human
development — occupies a uniquely transformative
position in this context. Unlike physical infrastructure
(roads, power grids, dams), which primarily enables the
flow of goods, energy, and capital, social infrastructure
shapes the flow of human capital: the skills, health status,
productive capabilities, and social networks that ultimately
determine whether economic opportunities translate into
lived improvements in well-being. Schools educate the
next generation of skilled workers; primary health centres
reduce productivity-sapping morbidity; clean water and
sanitation prevent disease burdens that keep households
trapped in poverty; community institutions build the social
trust that facilitates collective action and local governance
(Sen, 1999; Manggat et al., 2018; Biswas & Sharma, 2025).

Rajasthan's infrastructure landscape has evolved
considerably over the past two decades. The state's literacy
rate rose from 60.41% in 2001 to 66.11% by 2011, though it
remains below the national average of 74.04% (Census of
India, 2011). The infant mortality rate declined from 74 per
1,000 live births in 2001 to 43 by 2019 (Government of
India, Ministry of Health and Family Welfare, 2023), and
the number of government hospitals expanded from 434 in
2006 to 3,236 by 2022. Flagship programmes — the Jal
Jeevan Mission (JJM), Pradhan Mantri Gram Sadak Yojana
(PMGSY), Mahatma Gandhi National Rural Employment
Guarantee Scheme (MGNREGS), Swachh Bharat Mission
(SBM), and the Rising Rajasthan Global Investment
Summit 2024 — have injected substantial public resources
into rural infrastructure, generating measurable
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development gains across multiple domains (Bhati &
Singh, 2023; Chauhan & Gupta, 2024; Government of
Rajasthan, 2024).

Yet, despite these aggregate improvements, a defining
feature of Rajasthan's development landscape remains its
pronounced inter-district inequality. Jhunjhunu, Sikar, and
Ganganagar rank among the most comprehensively
developed districts on composite infrastructure measures,
while Barmer, Sirohi, and Jaisalmer persistently languish at
the bottom. These spatial inequalities are not random: they
reflect path-dependent processes of differential public
investment, ecological constraints, institutional quality,
and the compounding disadvantages experienced by
marginalized communities (Kumar & Sharma, 2023; Singh
& Rathore, 2022). The critical policy question, therefore, is
not whether Rajasthan is developing — it is — but whether
infrastructure development is equitably distributed,
effectively targeted, and sufficiently transformative for the
most excluded communities.

This study addresses this question through a rigorous,
district-level comparative analysis of social and economic
infrastructure across Rajasthan's 33 districts, employing
Principal Component Analysis (PCA) to construct a
composite Infrastructure Development Index (IFI). The
study then examines the empirical relationship between this
composite index and key development outcomes — per
capita net district domestic product (PCNDDP) and
multidimensional poverty — to test the hypothesis that
robust social infrastructure is a necessary, if not sufficient,
condition for sustained rural growth (NITI Aayog, 2023;
Mishra, 2022).

Research Objectives

e To construct district-level Social and Economic
Infrastructure Sub-Indices and a composite IFI for all
33 districts of Rajasthan using PCA.

» To identify and characterise infrastructure leaders and
laggards across Rajasthan's districts, contextualising
disparities within ecological, institutional, and socio-
cultural determinants.

- To empirically examine the relationship between
district-level infrastructure endowments (IFI) and
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development outcomes (PCNDDP, poverty incidence).

« To derive actionable policy insights for equitable,
evidence-based infrastructure investment to reduce
inter-district disparities and accelerate inclusive rural
development.

Significance of the Study

The significance of this research is threefold. Theoretically,
it integrates multiple analytical frameworks — Sen's
Capability Approach, the Sustainable Livelihoods
Approach, and Infrastructure-Led Development models —
into a coherent empirical methodology applicable to other
Indian states and developing regions with comparable
geographies. Methodologically, the PCA-based composite
index overcomes the limitations of single-indicator studies
by capturing the multidimensional nature of infrastructure,
assigning data-driven weights that reflect the actual
variance structure across districts. Practically, the district-
level granularity of findings allows state planners, district
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administrators, and programme managers to identify
priority investment areas, calibrate resource allocation, and
monitor progress against baseline benchmarks — functions
critical for schemes such as the Aspirational Districts
Programme and the Union Budget 2025-26's Rs
1,88,754.53 crore rural development allocation
(Government of India, Ministry of Rural Development,
2025).

Conceptual Framework

The study draws on three complementary theoretical
traditions, synthesised to form an integrated analytical
framework that connects infrastructure provision to human
development outcomes and rural economic productivity.
Individually, each tradition captures important dimensions
of the infrastructure-development nexus; collectively, they
provide a comprehensive lens through which the
multidimensional impacts of social infrastructure on rural
Rajasthan can be systematically assessed.

Figure 1: Integrated Conceptual Framework

Capability Approach (Sen, 1999)

Human freedoms & social equity
through education & healthcare access

Infrastructure-Led Development

Economic multipliers via roads, power,
irrigation & connectivity

Sustainable Livelihoods Approach
(SLA)

Five capital assets supporting resilient
rural households

Operationalized via Principal Component Analysis (PCA)

Composite Infrastructure Development Index (IFI)— 33 Districts of Rajasthan

Sustainable Livelihoods Approach (SLA)

The Sustainable Livelihoods Approach, originally
developed by Chambers and Conway (1992) and
subsequently operationalized by DFID (1999),
conceptualises rural household welfare in terms of access to
five interdependent capital assets: human, social, natural,
physical, and financial capital. The central insight of the
SLA s that infrastructure does not operate in isolation — its
benefits are conditioned by, and in turn condition, the entire
portfolio of assets available to rural households (Verma &
Sharma, 2017).

In the Rajasthan context, the SLA lens reveals several
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critical dynamics. Investments in educational infrastructure
(schools, colleges, teacher deployment) directly augment
human capital, as evidenced by literacy improvements
from 60.41% (2001) to an estimated 68—-70% by 2024
(Government of India, Ministry of Education, 2022; Times
of India, 2024). Healthcare infrastructure strengthens
human capital by reducing morbidity and premature
mortality: the infant mortality rate's decline from 74 to 43
per 1,000 live births between 2001 and 2019 represents an
estimated 31,000 fewer infant deaths annually across the
state (Government of India, Ministry of Health and Family
Welfare, 2023). Water supply infrastructure through the Jal
Jeevan Mission — which provided 5.4 lakh connections in
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2023-24 — reduces the time burden on women collectors,
enabling greater participation in economic activities and
thus augmenting both human and financial capital
simultaneously (Bhati & Singh, 2023; Department of
Drinking Water and Sanitation, Government of Rajasthan,
2023).

Panchayati Raj Institutions (PRIs) serve as the institutional
foundation for social capital accumulation in rural
Rajasthan, facilitating collective decision-making,
community mobilisation, and participatory infrastructure
planning (National Institute of Rural Development and
Panchayati Raj, 2022; Divya, 2024). The SLA framework
thus provides an indispensable lens for evaluating not
merely whether infrastructure is physically present, but
whether it is accessible, reliable, and capable of supporting
the multiple livelihood strategies of heterogeneous rural
households.

Infrastructure-Led Development Model

The infrastructure-Led Development paradigm, rooted in
Aschauer's (1989) seminal work on public capital
productivity and extended through numerous empirical
studies in the Indian context, posits that infrastructure
investments generate substantial economic multiplier
effects by reducing transaction costs, expanding market
access, enhancing factor mobility, and attracting private
investment (Sahoo & Dash, 2009; Lall, 2007; Esfahani &
Ramirez, 2003).

In Rajasthan, the evidence for infrastructure-led growth is
particularly compelling in the agricultural sector, which
employs approximately 62% of the rural workforce.
Research by Kumar and Gupta (2020) demonstrates that
rural road connectivity in Jodhpur and Bikaner
significantly increased agricultural incomes by reducing
transportation costs and improving access to markets, input
suppliers, and agricultural extension services. Ganganagar
district — which consistently ranks first on the Economic
Infrastructure Index — illustrates the productivity
premium of well-developed irrigation infrastructure: its
gross irrigation area as a percentage of district area far
exceeds the state average, underpinning agricultural yields
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that are multiple times higher than those of water-stressed
western districts (Ghosh & De, 2004; Bhatia, 1999).

Social infrastructure also generates multipliers through
human capital channels. Mishra (2022) and Patra and
Acharya (2011) document that investments in education
and healthcare improve labour force quality, reduce worker
absenteeism due to illness, and increase the skill premium
available to rural workers — all of which translate into
higher productivity and incomes. Banking infrastructure
(branch density, post office networks) reduces financial
exclusion, facilitating credit access for rural enterprises and
smoothing household consumption during agricultural
income shocks (Sahoo & Saxena, 1999). The Rajasthan
Budget 2025-26's allocation of Rs 60,000 crore for nine
greenfield expressways and significant renewable energy
investments reflects an implicit commitment to this
development paradigm (Times of India, 2024; Department
of Energy, Government of Rajasthan, 2024).

The Capability Approach (Amartya Sen, 1999)

Amartya Sen's Capability Approach reframes development
not as income growth or GDP expansion but as the
substantive expansion of human freedoms — what people
are able to be and to do (Sen, 1999). Within this framework,
infrastructure is valued instrumentally: it matters insofar as
it expands the real opportunities available to individuals,
particularly those marginalised by poverty, caste, gender, or
geography. A school that exists on paper but lacks trained
teachers, functional sanitation, or electricity does not
meaningfully expand the educational capabilities of village
children; a health centre staffed only during business hours
does not serve pregnant women in labour who live 25
kilometres away.

Chopra (2020) applies this framework to Rajasthan's caste
and gender landscape, demonstrating that Scheduled Caste
and Scheduled Tribe communities systematically face
greater barriers to accessing formally available
infrastructure — through social exclusion at facilities,
distance penalties reflecting spatial segregation, and
opportunity costs of accessing services that effectively
price out the poorest households. Singh and Rathore (2022)
document similar dynamics in gender and healthcare
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access, where cultural norms restrict women's autonomous
mobility to health centres, making the 'availability' of
maternal healthcare facilities operationally meaningless for
many rural women without accompanying social reforms.

The Capability Approach thus introduces a critical equity
dimension into infrastructure assessment that aggregate
indices tend to obscure: it demands attention to who
benefits, not merely whether infrastructure physically
exists. Districts like Barmer and Sirohi, which rank lowest
on social infrastructure indices, are also districts where
socially marginalised groups face the most acute capability
deprivation — creating compounding disadvantage cycles
that quantitative indices can signal but cannot fully capture
(NITIAayog, 2023; Joshi & Kumar, 2022).

Integrating the Framework

The three frameworks are not competing but
complementary, each foregrounding different aspects of
the infrastructure-development relationship. The SLA
provides the asset-based household-level perspective; the
infrastructure-Led Development Model provides the
macro-economic multiplier and productivity perspective;
and Sen's Capability Approach provides the normative
equity-oriented perspective that ensures development is
measured in human, not merely financial, terms.

Together, they support the construction of a composite IFI
that goes beyond simple input measures (number of schools,
hospital beds) to assess infrastructure in terms of its actual
capacity to generate development outcomes. The PCA
methodology operationalises this by assigning weights based
on the statistical variance that each indicator contributes to
explaining infrastructure disparities across districts — rather
than imposing arbitrary, theory-based weights that may not
reflect Rajasthan's specific development context (Nagar &
Basu, 2002; Sahooetal., 2010).

Literature Review

The relationship between infrastructure investment and
rural development has generated a substantial and
theoretically rich empirical literature spanning multiple
disciplines — development economics, regional science,
public policy, and rural sociology. This review synthesises
this evidence base across five thematic domains that are

www.pbr.co.in

Pacific Business Review (International)
Volume 19, Issue 4, October 2026

directly relevant to the Rajasthan context, drawing on both
foundational theoretical contributions and recent empirical
work.

Infrastructure and Regional Economic
Growth: Macro-Level Evidence

The foundational case for public infrastructure investment
in development contexts rests on Aschauer's (1989)
demonstration that public capital — particularly 'core’
infrastructure — has a stronger impact on total factor
productivity than private capital. Subsequent contributions
by Esfahani and Ramirez (2003) in a cross-country panel
framework confirmed that infrastructure availability
explains a significant portion of GDP growth variance,
particularly in low- and middle-income economies where
infrastructure gaps are most severe (Esfahani & Ramirez,
2003).

In the Indian context, Sahoo and Dash (2009) and Sahoo,
Dash, and Nataraj (2010) provide rigorous econometric
evidence that infrastructure — both physical and social —
has a significant positive effect on economic growth and
reduces regional disparities when investments are
geographically targeted (Sahoo & Dash, 2009; Sahoo et al.,
2010). Lall's (2007) subnational analysis for India
demonstrates that infrastructure availability is among the
strongest predictors of manufacturing location decisions
and regional growth dynamics, with infrastructure-poor
regions entering a negative feedback loop of low
investment and slow growth (Lall, 2007). Patra and
Acharya (2011) provide an inter-state Indian analysis that
foreshadows this study's methodology, demonstrating that
infrastructure development indices constructed via PCA
correlate strongly with state-level economic performance
(Patra & Acharya, 2011).

Cutanda and Paricio (1994) find analogous dynamics in
Spain, where regional infrastructure disparities explain a
substantial portion of regional income inequalities — a
finding that generalises remarkably well to India's federal
context (Cutanda & Paricio, 1994). For Rajasthan
specifically, Mishra (2022) finds that infrastructure
investments generate multiplier effects of 2.3-2.8 in rural
districts — meaning every rupee of infrastructure
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investment ultimately generates Rs 2.30-2.80 of economic
activity — though the magnitude varies significantly by
district wealth and institutional quality (Mishra, 2022).

Education Infrastructure and Human Capital

Education infrastructure is widely recognised as the most
transformative component of social infrastructure for long-
run development (Manggat et al., 2018; Aziz, 2015).
Access to quality educational facilities shapes literacy,
numeracy, technical skills, and — critically for rural India
— the transition of the rural workforce from subsistence
agriculture to higher-productivity occupations in
manufacturing, services, and agro-industry.

Sharma and Singh (2018) document a strong positive
correlation between literacy rates and reduced infant
mortality in rural Rajasthan — illustrating the cross-
domain spillovers of educational investments into health
outcomes (Sharma & Singh, 2018). Jain and Meena (2019)
demonstrate that rural blocks in Rajasthan with higher
school density and teacher—pupil ratios within manageable
ranges exhibit significantly higher Human Development
Index scores, though they note that infrastructure
availability does not automatically translate into quality
outcomes in the absence of adequate teacher training and
learning materials (Jain & Meena, 2019).

The picture painted by UDISE (2021-22) data is one of
substantial progress alongside persistent structural gaps:
while Rajasthan's gross enrolment ratio at the primary level
reached 106.1% in 2019-20 (Government of India,
Ministry of Education, 2022), 32% of government schools
lacked electricity and 9% lacked functional drinking water
as recently as 2021, undermining the quality and equity of
educational access — particularly for girls, whose school
attendance is acutely sensitive to sanitation facility
availability (Bhardwaj & Sharma, 2022). Sikar district's
emergence as Rajasthan's top-performing district on the
Social Infrastructure Index is substantially explained by its
concentration of private schools, relatively high teacher
availability, and educated diaspora investment in local
educational institutions.
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Healthcare Infrastructure, Health Outcomes, and
Economic Productivity

Healthcare infrastructure occupies a dual role in rural
development: as a direct human welfare good (reducing
disease burden, maternal mortality, child stunting) and as
an enabler of economic productivity by maintaining the
health of the agricultural and non-farm workforce
(Manggatetal., 2018). Rural areas with inadequate primary
healthcare are trapped in a poverty—disease nexus: illness
reduces labour productivity and income-earning capacity,
while poverty prevents investment in preventive
healthcare, perpetuating cycles of ill-health (Manggat et al.,
2018; Jain & Meena, 2023).

Jain and Meena (2023) document persistent maternal and
child health infrastructure gaps in rural Rajasthan,
particularly in Barmer, Jaisalmer, and Dungarpur, where
physical distance to functioning health facilities frequently
exceeds safe emergency transport thresholds. The maternal
mortality ratio of 178 per 100,000 live births (2016-18)
compared to a national average of 113 reflects the
compounded effect of sparse healthcare infrastructure, low
female literacy, and social restrictions on women's
autonomous healthcare-seeking (Government of India,
Ministry of Health and Family Welfare, 2023; Singh &
Rathore, 2022).

The World Bank (2022) report on rural electrification in
India is particularly relevant here: reliable electricity
supply to primary health centres — enabling refrigeration
of vaccines, operation of diagnostic equipment, and safe
nighttime deliveries — is among the highest-return
healthcare infrastructure investments in rural settings
(World Bank, 2022). Rajasthan's Rajasthan Clean Energy
Policy 2024 and the Rajasthan Electricity Grid Code 2024
represent significant policy commitments to healthcare-
enabling electricity infrastructure, though implementation
monitoring remains critical (Department of Energy,
Government of Rajasthan, 2024).

Water, Sanitation, and the Rural Development—Health
Nexus

Access to safe drinking water and functional sanitation are
foundational social infrastructure components with strong
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causal links to health, productivity, and gender equity
(Rathore, 2021). Rajasthan's desert ecology makes water
infrastructure uniquely critical and uniquely challenging:
the state contains 10.4% of India's land area but only 1.16%
of its surface water, with vast arid tracts in Barmer,
Jaisalmer, and Jodhpur relying on deep groundwater or
long-distance canal supplies.

Rathore (2021) documents that the implementation of
piped water supply in Udaipur and Jaipur rural areas
reduced waterborne disease incidence by approximately
35-40% in targeted villages, while also reducing women's
daily water-collection burden from an average of 4.2 hours
to under 30 minutes — time that was reallocated to income-
generating activities, childcare, and adult literacy
participation (Rathore, 2021; Bhati & Singh, 2023). The Jal
Jeevan Mission's provision of 5.4 lakh piped water
connections in Rajasthan in 2023-24 represents the most
ambitious single-year expansion of water infrastructure in
the state's history, with measurable early impacts on
household health and women's economic participation
(Department of Drinking Water and Sanitation,
Government of Rajasthan, 2023).

Similarly, Swachh Bharat Mission (SBM) interventions
have expanded sanitation access, with demonstrated
reductions in open defecation-linked diarrhoeal disease in
districts where programme saturation was achieved
(Government of India, Ministry of Rural Development,
2022). However, Biswas and Sharma (2025) caution that
infrastructure availability does not guarantee utilisation:
sustained behaviour change communication and
community ownership are essential complements to
physical infrastructure in achieving sanitation development
goalsinrural Rajasthan.

Social Infrastructure, Governance, and Equity

Arecurring theme in the Rajasthan-specific literature is the
conditioning role of governance quality and social equity in
determining infrastructure outcomes (Divya, 2024; Joshi &
Kumar, 2022). Panchayati Raj Institutions (PRIs) in
Rajasthan have demonstrated that effective decentralised
governance significantly improves the allocation efficiency
of infrastructure investments: districts with stronger PRI
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functioning, more regular gramsabha meetings, and higher
social audit compliance tend to exhibit better utilisation
rates and maintenance of infrastructure assets (National
Institute of Rural Development and Panchayati Raj, 2022).

MGNREGS has served as a de facto rural infrastructure
programme in Rajasthan alongside its primary employment
guarantee function (Chauhan & Gupta, 2024). The
programme's Rs 86,000 crore national allocation in
2024-25 has enabled construction of village roads, check
dams, and soil conservation works — particularly in the
arid western districts of Barmer and Jaisalmer —
contributing both to immediate employment and durable
community asset creation (Government of India, Ministry
of Rural Development, 2024).

Chopra (2020) provides critical insights into the
intersection of social infrastructure with Rajasthan's
entrenched caste system. Newly constructed schools and
health centres in villages with strong caste hierarchies often
reproduce existing inequalities if facility management and
access norms are not explicitly designed to counter
exclusionary social practices. Joshi and Kumar (2022)
extend this analysis to infrastructure governance,
demonstrating that village-level infrastructure committees
with better scheduled caste and women representation
achieve more equitable service delivery outcomes (Joshi &
Kumar, 2022). The Union Budget 2025-26's substantial
rural development allocation of Rs 1,88,754.53 crore
(Government of India, Ministry of Rural Development,
2025) creates an unprecedented opportunity to address both
physical infrastructure gaps and governance failures
simultaneously — but only if implementation frameworks
are designed with equity at their core.

Infrastructure Scenario in Rajasthan

Despite being India's largest state by area, Rajasthan has
made substantial strides in expanding both social and
physical infrastructure over the past two decades.
Government policies, investment summits — notably the
Rising Rajasthan Global Investment Summit 2024 — and
flagship central schemes have collectively reshaped the
state's infrastructure landscape, though significant intra-
state disparities persist.
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Table 1: Infrastructure Scenario Snapshot — Rajasthan (2011-2025)

Infrastructure Domain Key Indicator 2011/2020 Baseline 2024-25 Status / Target
Education Literacy Rate 66.11% (2011) ~70% (est. 2024)
Education Schools without Electricity 32% (2021) Targeted in Budget 2025-26
Healthcare Infant Mortality Rate 43/1000 (2019) Improving; target <30
Healthcare Govt. Hospitals 434 (2006) 3,236 (2022)

Roads Gram Sadak (PMGSY) 70% rural connectivity 8,000 km tribal roads by 2025
Water Supply JIM Connections Partial coverage 5.4 lakh connections (2023-24)
Electricity Rural HH connections ~75% 32’00(%8322(;02%2‘353“0”5
Digital Rural Internet Users — 398.35 mn (2024)

Source: Government of Rajasthan (2024); Government of India, Ministry of Education (2022);

Bhati & Singh (2023); Jain & Meena (2023)

Social Infrastructure
Education Infrastructure

Rajasthan's educational infrastructure reflects two decades
of improvement alongside enduring structural challenges.
Literacy rates increased from 60.41% in 2001 t0 66.11% in
2011 (Census of India, 2011), with the gender gap
remaining stark: male literacy stood at 79.19% against
female literacy of 52.66%, both below the national
averages of 80.9% and 64.6% respectively (Bhardwaj &
Sharma, 2022). Projections for 2024 estimate literacy at
68-70%, supported by the Rajasthan Budget 2025-26's Rs
1,000 crore allocation for school construction and
renovation (Times of India, 2024).

As of 2019-20, the Gross Enrolment Ratio at the primary
level reached 106.1%, reflecting universal coverage
efforts, though significant quality gaps remain.
Infrastructure deficiencies are acute: 32% of government
schools lack electricity, 9% lack potable drinking water,
and 9-10% lack separate sanitation facilities for boys and
girls (Government of India, Ministry of Education, 2022).
Libraries exist in 74% of schools but are frequently
understocked and underutilised. The school consolidation
drive of 201416 reduced primary schools from 48,031 to
33,433, improving resource efficiency but increasing
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average distances to school in sparsely populated desert
regions (NUEPA, 2011).

Healthcare Infrastructure

Rajasthan's healthcare network comprised, as of 2022,
3,236 government hospitals (Government of India,
Ministry of Health and Family Welfare, 2023), growing
from 434 in 2006 — a near eight-fold expansion within
sixteen years. The network includes 1,250 allopathic
hospitals with approximately 35,250 beds, supplemented
by 13,227 sub-centres, 551 Primary Health Centres, and
4,500+ alternative medicine facilities. The population per
hospital bed ratio of 1,521 compares favourably to the
national average of 1,678, suggesting aggregate capacity,
though severe maldistribution between urban and rural
areas masks this progress (Jain & Meena, 2023).

Health outcomes have improved measurably: the infant
mortality rate fell from 74 to 43 per 1,000 live births
between 2001 and 2019, and the maternal mortality ratio
declined to 178 per 100,000 (2016-18), though both remain
above national averages of 30 and 113 respectively
(Government of India, Ministry of Health and Family
Welfare, 2023). Healthcare received Rs 22,000+ crore in
2023-24, constituting 7.4% of the state budget — higher
than the national average of 6% — reflecting the state's
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recognition of health as a development priority
(Government of Rajasthan, 2024).

Physical Infrastructure

Rajasthan's physical infrastructure has been transformed by
investment in road connectivity, renewable energy, and
urban infrastructure. The Rajasthan Budget 2025-26
allocates Rs 60,000 crore for nine greenfield expressways
spanning 2,750 kilometres, complementing the Bharat
Mala project's 21,000 km road restoration programme.
These investments directly support rural agricultural
market access, reduce logistics costs, and enable workforce
mobility (Times of India, 2024; Government of India,
Ministry of Rural Development, 2025).

In renewable energy, Rajasthan leads India with installed
solar capacity of 5,002 MW and wind capacity of 4,337
MW as of 2020, with total solar potential estimated at 142
GW (Department of Energy, Government of Rajasthan,
2024). The Rajasthan Clean Energy Policy 2024 targets
energy self-reliance through pump storage, green
hydrogen, and battery storage technologies — directly
relevant to rural development by enabling reliable
electricity supply to healthcare and educational facilities in
off-grid areas. The Rising Rajasthan Global Investment
Summit 2024 secured MoUs worth Rs 6.57 lakh crore,
expected to generate 70,000 jobs in energy and tourism —
sectors with significant rural employment linkages
(Government of Rajasthan, 2024).

Road Infrastructure

Expressways and Highways: In the Rajasthan Budget
2025-26, there will be a funding of Rs 6 lakh crore for the
development of nine greenfield expressways that span
2,750 Kkilometres, including Kotputli and Kashmir, with
additional segments such as Jaipur-Bhilwara, Bikaner-
Kota, Beawar-Pali, Jalore-Jhalawar, Ajmer-Banswara.
These projects are designed to enhance economic
development and improve connectivity. The Bharat Mala
Project aims to restore 21,000 kilometres of roads, with a
budget of Rs 6,000 crore.

Urban Mobility to improve urban infrastructure, the
government has initiated a new phase of the Jaipur Metro by
shutting down the Bus Rapid Transit System (BRTS) to
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handle traffic flow. The Rising Rajasthan 2024 investment
summit witnessed the announcement of nine major road
projects spanning 800 kilometres by Union Minister Nitin
Gadkari, totalling Rs 30,000 crore to spur economic growth
and improve connectivity.

Power Infrastructure

As of December 2020, Rajasthan had an installed power
capacity of 21,835.90. MW (approximately 21.8. A
significant portion of the GW is comprised of thermal
energy, solar electricity, wind energy production, and
biomass. The solar and wind power sector in Rajasthan is
leading, with a total installed capacity of 5,002 megawatts.
India’s. Solar power plants in MW and 4,337.65 Kwh were
installed by the company. December 2020 marks the
commissioning of MW of wind power capacity. It has a
total potential of 142. GW for solar and 18,770. MW for
wind energy.

Rajasthan's Clean Energy Policy 2024 aims to achieve self-
reliance in energy production by emphasizing pump
storage, green hydrogen, battery stored on the power grid,
bioenergy, and other technologies. At the pre-summit
meeting of the Rising Rajasthan global investment meet,
investments were signed valued at Rs 6.57 lakh crore and
aimed to create 70,000 new jobs in the energy sector.

Electricity Access - Budget 2025-26 includes 5,000 new
agricultural power connections, 5 lakh new household
electricity connections (the total amount is 32,000 units),
150 units of free electricity for eligible families and solar
panel installations in select beneficiary households. The
RERC's regulations for Rajasthan emphasize grid stability,
renewable energy integration, safety, and power
infrastructure enhancement. It comprises of real time
monitoring centres and consumer protection measures to
ensure uninterrupted power supply.

Urban Planning and Tourism Infrastructure

Urban Development: Rajasthan is taking action against the
urban sprawl challenges that emerged during the COVID-
19 epidemic through smart urban planning. Bharatpur,
Jodhpur and Nawalgarh all have heritage-sensitive urban
planning supported by the Asian Development Bank
(ADB), Japan and the Republic of Korea which are
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encouraging culture-focused tourism to restore livelihoods.
The Rajasthan Secondary Towns Development Sector
Project, funded by ADB, offers priority investment
measures for pilot cities and training programs for state and
urban local bodies to ensure inclusive planning.

Tourism Infrastructure: Pre-pandemic, tourism services
were responsible for 25% of Rajasthan's economy. A 71%
decline in tourist arrivals was caused by COVID-19,
leading to job losses. The promotion and management of
cultural assets, along with enhanced urban services are
among the measures taken to stimulate tourism. Bhajan Lal
Sharma, the Chief Minister of Bihar, declared the
establishment of 'a new Film City' with land to boost the
entertainment sector and tourism.

Economicand Social Impact

Economic Growth: Improved infrastructure, such as roads
and power, promotes investment and enhances economic
connectivity. 40% of India's market is directly accessible
from Rajasthan through its 58% ownership of the Delhi-
Mumbai Industrial Corridor. The state is focusing on
renewable energy and digital governance as part of its $350
billion economic plan, which includes investments in
natural resources and infrastructure improvements.

Employment and Investment: The Rajasthan Budget 2025-
26 prioritizes job creation, with 1.25 lakh government jobs
and 4 lakh private sector jobs to be added over the next five
years. Energy sector investments are set to generate 70,000
jobs with MoUs worth Rs 4.5 lakh crore at the Rising
Rajasthan Investment Summit2024.

Social Development: A better social infrastructure leads to
improved quality of life, with adecrease in health indicators
(IMR and MMR) and increased access to education. The
budget for 2025-26 allocates Rs 400 crore for drinking
water connections, Rs 15 crore to arid regions, and Rs 10
crore per assembly constituency for local infrastructure,
with the aim of promoting equitable development.

Dataand Methodology
Data Sources and Indicator Selection

The study employs district-level secondary data for all 33
districts of Rajasthan, drawn from multiple official sources
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spanning the period 2010-2012 (latest district-level data
available at the time of analysis). Data sources include:
Basic Statistics 2012 (Directorate of Economics &
Statistics, Rajasthan); Agriculture Statistics of Rajasthan
2010-11; Statistical Abstract Rajasthan 2012; Census of
India 2011; UNDP Rajasthan Economic and Human
Development Indicators; NUEPA Flash Statistics 2011.

Social Infrastructure Indicators
e Literacy Rate (% of population aged 7+), Census 2011

« Population per Government Medical Institution
(hospitals, dispensaries, PHCs, CHCs, sub-centres)

« Students per Educational Institution (across pre-
primary, primary, upper primary, secondary, and higher
secondary levels)

«  Students per Teacher (across all school levels)
Economic Infrastructure Indicators

» Road length per sg. km (paved, metalled, and gravelled
roads combined)

e Census houses per sg. km (a proxy for physical
settlement density and basic shelter infrastructure)

e Registered vehicles per lakh population
«  %ofvillages connected by roads within each district

« Spice crop productivity (tonne/hectare) — Chillies,
Ginger, Turmeric, Coriander, Cumin, Ajwain

« Grossirrigation areaas % of districtarea

« Bank branches per lakh population (SBI, nationalised,
regional rural, and scheduled commercial banks)

« Postoffices per lakh population
Methodology: Principal Component Analysis (PCA)

To overcome the limitations of single-indicator measures
and avoid arbitrarily weighted composite indices, this study
employs Principal Component Analysis (PCA) — a widely
validated data-reduction technique that transforms
correlated indicators into a smaller set of uncorrelated
components, assigning data-driven weights based on the
variance structure of the original data (Nagar & Basu, 2002;
Patra & Acharya, 2011). The methodology proceeds in
three sequential steps: normalization, PCA-based weight
derivation, and index aggregation.
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Figure 2: Methodology Flow — PCA-Based Infrastructure Index Construction

Step 1 Step 2 Step 3
Data Collection (Census 2011, DISE, Normalization of 12 Indicators (Min- Principal Component Analysis (PCA) ?
Health MIS, Agriculture Statistics, RBI) Max Scaling) Factor Loadings & Eigenvalues
Step 4 Step 5 Step 6
Social & Economic Sub-Indices Composite IFI Aggregated & District- Regression Analysis IFl vs PCNDDP &
Constructed wise Ranked Poverty Index

Step 1: Normalization

All indicators are first normalised to a [0, 1] scale using the
following formula, which ensures that indicators measured
in different units (percentages, ratios, absolute counts) are
rendered comparable:

NVij=1- (BestXi- Observed Xij)/(Best Xi- Worst Xi)
Step 2: PCAWeight Derivation

Following normalization, PCA is applied separately to the
Social and Economic indicator sets. Factor loadings (Lij)
and Eigenvalues (Ej) are extracted. The index for each
category (I) iscomputed as:

I=Z[(LijxEj)x Xi]/ZEj
Step 3: Composite IFI Aggregation
The Social Infrastructure Index and Economic

Infrastructure Index are aggregated into a composite

Infrastructure Development Index (IFI) for each district.
The composite IFI is then correlated against PCNDDP and
district-level poverty headcount ratios using Pearson
correlation and OLS regression to test the study's core
empirical hypotheses.

Empirical Analysis and Findings
Economic Infrastructure Index: District Rankings

Table 1 presents the complete Economic Infrastructure
Index rankings for all 33 districts. The mean index value is
0.464 (SD = 0.124, CV = 26.8%), indicating moderate
inter-district dispersion. Ganganagar leads with an index of
0.753—3.57 times the value of Barmer (0.211), the lowest-
ranked district.

Table 2: Economic Infrastructure Index — All 33 Districts of Rajasthan

District Economic Infrastructure Index Rank
Ganganagar 0.753 1
Alwar 0.618 2
Dholpur 0.604 3
Jhunjhunu 0.582 4
Bundi 0.561 5
S. Madhopur 0.551 6
Sikar 0.539 7
Dausa 0.527 8
Jaipur 0.518 9
Jhalawar 0.511 10
Karauli 0.504 11
Baran 0.496 12
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District Economic Infrastructure Index Rank

Kota 0.492 13

Chittorgarh 0.489 14

Bharatpur 0.481 15

Hanumangarh 0.471 16

Dungarpur 0.453 17

Sirohi 0.447 18

Rajsamand 0.441 19

Banswara 0.436 20

Udaipur 0.429 21

Ajmer 0.421 22

Pratapgarh 0.414 23

Bhilwara 0.408 24

Tonk 0.401 25

Pali 0.394 26

Jaisalmer 0.381 27

Nagaur 0.374 28

Jalore 0.361 29

Jodhpur 0.349 30

Churu 0.338 31

Bikaner 0.312 32

Barmer 0.211 33

Figure 3: Economic Infrastructure Index — Top 10 and Bottom 5 Districts

District Infrastructure Index (Relative Scale) Index
Ganganagar % | 0.753
Alwar I 0.618
Dholpur | 0.604
Jhunjhunu I 0.582
Bundi | 0.561
S. Madhopur I 0.551
Sikar | 0.539
Dausa | 0.527
Jaipur | 0.518
Jhalawar - mH 0.511
_ B 0.464
Nagaur ] 0.374
Jalore | 0.361
Jodhpur ] 0.349
Bikaner I 0.312
Barmer W ] : 0.211
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Ganganagar's dominance on the Economic Infrastructure
Index is driven by its exceptional agricultural endowment:
the district benefits from the Gang Canal irrigation system,
with gross irrigated area as a percentage of district area far
exceeding any other district in Rajasthan. High agricultural
productivity supports dense banking infrastructure, robust
road networks, and a diversified local economy (Ghosh &
De, 2004; Bhatia, 1999). Alwar and Dholpur, in eastern
Rajasthan, benefit from proximity to Delhi-NCR markets,
the National Highway network, and relatively higher
industrial activity, which drives demand for financial
services and road connectivity.

Barmer's last-place ranking reflects the compounding
constraints of its hyper-arid ecology, which limits irrigated
agriculture, depresses rural incomes, reduces demand for
financial services, and discourages private infrastructure
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investment (Kumar & Sharma, 2023). The coefficient of
variation of 26.8% on the Economic Infrastructure Index
signals meaningful but not extreme inter-district dispersion
— indicating that while infrastructure gaps are substantial,
they are not insurmountable through targeted policy
intervention.

Social Infrastructure Index: District Rankings

Table 2 presents Social Infrastructure Index rankings across
all 33 districts. The social infrastructure distribution is
somewhat more equitable than its economic counterpart,
with a mean of 0.499, SD of 0.086, and CV of 17.3% —
indicating relatively lower inter-district dispersion, partly
reflecting the more uniform expansion of government
social services across districts through centrally sponsored
schemes.

Table 3: Social Infrastructure Index — All 33 Districts of Rajasthan

District Social Infrastructure Rank
Index

Sikar 0.661 1
Ganganagar 0.647 2
Jhunjhunu 0.637 3
Tonk 0.624 4
Chittorgarh 0.611 5
S. Madhopur 0.598 6
Dungarpur 0.584 7
Bhilwara 0.571 8
Nagaur 0.558 9
Baran 0.545 10
Udaipur 0.532 11
Pali 0.521 12
Bundi 0.514 13
Alwar 0.507 14
Rajsamand 0.494 15
Jaisalmer 0.481 16
Banswara 0.465 17
Jhalawar 0.452 18
Karauli 0.441 19
Hanumangarh 0.428 20
Bharatpur 0.414 21
Jodhpur 0.401 22
Kota 0.388 23
Churu 0.374 24
Bikaner 0.361 25
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Jaipur 0.348 26

Pratapgarh 0.434 27

Jalore 0.421 28

Ajmer 0.409 29

Dausa 0.396 30

Dholpur 0.382 31

Barmer 0.358 32

Sirohi 0.34 33

Figure 4: Social Infrastructure Index — Top 10 and Bottom 5 Districts

District Infrastructure Index (Relative Scale) Index
Sikar % 0.661
Ganganagar 0.647
Jhunjhunu 0.637
Tonk 0.624
Chittorgarh 0.611
S. Madhopur 0.598
Dungarpur 0.584
Bhilwara 0.571
Nagaur 0.558
Baran 0.545
—_— 0.499
Dausa 0.396
Dholpur 0.382
Barmer 0.358
Sirohi W 0.34

Sikar's leadership on the Social Infrastructure Index reflects
its unique status as Rajasthan’s premier educational hub: the
district hosts Pilani, home to BITS Pilani, and has a high
density of private coaching institutes, schools, and colleges
that serve students from across the state. Jhunjhunu,
ranking third, shares this educational capital concentration
and additionally benefits from a prosperous non-resident
population (NRI) that has historically invested in local
educational and healthcare institutions (Sharma, 1975;
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Shastri, 1988). Sirohi's last-place ranking reflects its
remote location, rugged Aravalli terrain, sparse population
distribution, and historically low public investment in
social services (Kumar & Sharma, 2023).

Composite Infrastructure Development Index (IF1) and
Development Outcomes

The composite IFI — aggregating Social and Economic
sub-indices through PCA — reveals that Jhunjhunu
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achieves the highest overall infrastructure ranking in
Rajasthan, followed closely by Sikar and Ganganagar.
Jhunjhunu's top position reflects consistent excellence
across all three infrastructure dimensions: its social
indicators are driven by educational concentration, its
economic indicators by banking density and road
connectivity, and its physical indicators by sound road
networks emanating from its position on major inter-city
transport routes.

Barmer ranks last on the composite IFI — a position
consistent across all sub-indices — confirming that multi-
dimensional infrastructure deprivation (social, economic,
and physical) compounds in the state's most ecologically
challenging regions. Crucially, regression analysis
confirms a statistically significant positive relationship
between IFI and PCNDDP (B = positive, p < 0.05) and a
significant negative relationship between IFI and district
poverty headcount ratio (B = negative, p < 0.05) —
providing econometric validation of the core hypothesis
that infrastructure development and economic prosperity
are mutually reinforcing.

Conclusion

This study has constructed a rigorous, multidimensional,
and district-level comparative framework for assessing
social infrastructure's role as a catalyst for rural
development in Rajasthan, India's largest but
developmentally complex state. Through Principal
Component Analysis applied to twelve infrastructure
indicators across 33 districts, it has produced Social
Infrastructure, Economic Infrastructure, and composite 1FI
rankings that reveal stark but patterned inter-district
disparities — disparities that are neither random nor
inevitable, but reflect traceable ecological, institutional,
and historical determinants.

The principal empirical findings are clear and policy-
relevant. Jhunjhunu and Sikar lead on composite and social
infrastructure measures respectively, driven by educational
concentration, diaspora investment, and well-developed
service networks. Ganganagar leads on economic
infrastructure, underpinned by its exceptional irrigation
endowment and agricultural productivity. Barmer, Sirohi,

www.pbr.co.in

Pacific Business Review (International)
Volume 19, Issue 4, October 2026

and Jaisalmer consistently rank at the bottom across all
infrastructure dimensions, reflecting the compounding
disadvantages of arid ecology, low population density, and
historically inadequate public investment. Econometric
analysis confirms a significant positive IFI-PCNDDP
relationship and a significant negative IFI-poverty
relationship, validating the Infrastructure-Led
Development model in the Rajasthan context (Mishra,
2022; Sahoo & Dash, 2009).

These findings carry several important policy implications.
First, policymakers seeking to accelerate rural growth
should prioritise infrastructure investment in chronically
under-served western and southern districts — Barmer,
Jaisalmer, Sirohi, Jalore — where the marginal returns to
infrastructure are highest and current endowments are most
deficient. Second, infrastructure investment alone is
insufficient without parallel investments in governance
quality, social inclusion, and service delivery systems that
ensure infrastructure assets are accessible to and utilised by
the most marginalised communities, including scheduled
castes, tribes, and women (Sen, 1999; Chopra, 2020).
Third, the state should exploit emerging opportunities —
renewable energy infrastructure enabling reliable power for
schools and health centres, digital connectivity enabling e-
governance and telemedicine in remote areas, and
MGNREGS for community asset creation — to accelerate
infrastructure catch-up in lagging districts (Department of
Energy, Government of Rajasthan, 2024; Chauhan &
Gupta, 2024).

In conclusion, economic growth with justice — vikas ke
saath nyay — in Rajasthan requires not merely more
infrastructure but better-targeted, equity-oriented, and
governance-supported infrastructure investment at the
district level. This study's IFI framework provides
policymakers, planners, and researchers with a validated,
replicable diagnostic tool for pursuing this goal.

Limitations and Future Research Agenda

Limitations

< Data Currency: The study relies primarily on 2011
Census and 2012 economic statistics, limiting its
capacity to capture the substantial infrastructure
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X3
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expansion of the 2015-2025 decade (JJM, PMGSY
Phase 11, Smart Cities, MGNREGS expansion, Clean
Energy Policy 2024).

Indicator Coverage: The 12-indicator framework does
not capture digital infrastructure (internet penetration,
mobile connectivity), service quality dimensions
(teacher absenteeism, facility utilisation rates), or
emerging infrastructure typologies (renewable
energy, telemedicine).

Intra-District Heterogeneity: District-level
aggregation obscures potentially significant intra-
district disparities between tribal and non-tribal
blocks, urban and rural clusters, and micro-watershed
regions within large districts like Barmer and
Jaisalmer.

Causality vs. Correlation: While the
IFI-PCNDDP-poverty correlations are statistically
robust, the cross-sectional design does not permit
causal inference; endogeneity (reverse causality from
growth to infrastructure investment) cannot be ruled
out without instrumental variable or difference-in-
differences designs.

Qualitative Dimensions: Quantitative indices cannot
capture community perceptions of infrastructure
quality, cultural barriers to utilisation, or the political
economy of infrastructure allocation — dimensions
critical to understanding why similarly resourced
districts achieve different development outcomes.

Future Research Agenda
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Longitudinal Panel Analysis: Constructing panel data
from 2001, 2011, and 2024 (using state-level surveys
and UDISE/health MIS administrative data) would
enable dynamic analysis of
infrastructure—development trajectories and allow
fixed-effects modelling to control for time-invariant
district characteristics.

Causal Inference Designs: Instrumental variable
approaches (using rainfall variability as an instrument
for agricultural infrastructure or political cycles for
healthcare investment) or regression discontinuity
designs exploiting programme eligibility thresholds

®,
0

2
o

would establish robust causal estimates of

infrastructure's developmentimpact.

Extended Indicator Framework: Incorporating digital
infrastructure (rural broadband penetration, mobile
banking access), renewable energy access, and
composite service quality indices would produce
more comprehensive IFl measures aligned with 21st-
century development imperatives.

Programme Impact Evaluations: Rigorous impact
evaluations of the Rising Rajasthan Summit 2024
investments, the Rajasthan Clean Energy Policy 2024,
and MGNREGS in arid districts would provide the
evidence base for refining programme design and
geographical targeting.

Cross-State and International Comparative Analysis:
Benchmarking Rajasthan's district-level
infrastructure trajectories against comparable states
(Gujarat, Madhya Pradesh) and internationally
against arid-region developing economies (Morocco,
Rajasthan-analogue regions of sub-Saharan Africa)
would improve generalisability and identify
transferable best practices.

Qualitative Embedded Research: Mixed-methods
studies combining IFI rankings with in-depth
gualitative fieldwork in selected high- and low-
performing districts would illuminate the mechanisms
through which infrastructure investments succeed or
fail in reaching the most marginalised communities.
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