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Abstract

Transportation plays a pivotal role in shaping the political, economic, and social well-being of any region by
enhancing accessibility and connectivity. The present study examines the spatial relationship between road
density and the level of socio-economic development across 40 municipal wards of Rudrapur City, Uttarakhand.
Using high-resolution satellite imagery from Google Earth, the city’s road network was digitized and categorized
into major and minor roads in QGIS v.3.16 software. Ward-wise Road density was calculated per square
kilometre and per thousand population based on digitized road network data, while socio-economic development
was assessed using nine demographic and infrastructural indicators through a composite Z-score index. The
analysis reveals marked intra-urban disparities in both road density and socio-economic development across the
city’s 40 municipal wards. Central wards exhibit moderate to high road density, whereas peripheral and industrial
wards show lower density but relatively higher per capita road availability. Correlation analysis indicates a
significant positive relationship between road density and population density, while significant negative
relationships are observed with street lighting and drainage length, reflecting uneven infrastructure provisioning.
Other socio-economic variables show weak or insignificant associations with road density. The findings
highlight that increased road density alone does not ensure balanced socio-economic development and
underscore the need for integrated urban infrastructure planning. The study demonstrates the usefulness of GIS-
based spatial analysis in identifying infrastructural inequalities and supporting sustainable urban development
strategies in rapidly growing medium-sized cities.
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Introduction

Transport plays a vital role in ensuring the political, economic, and social well-being of any society. It has often
been described as the lifeblood of civilization, as it provides the fundamental means through which different
parts of society are physically and economically connected. According to Ali and Magalmani (2006),

transportation serves as the foundation for a nation’s overall development, influencing agriculture, industry,
trade, administration, and defense. It not only supports the economic structure but also transforms the social
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outlook of a community. In this sense, if agriculture and industry represent the body and bones of a national
organism, transport and communication can rightly be considered its nerves. A well-developed road network
fosters economic, social, and cultural integration within a region. Roads enhance accessibility, reduce travel
time, and facilitate the movement of goods and people, which are essential for sustainable regional development
(Banerjee, 2025). The development of transport infrastructure is closely linked to spatial and socio-economic
transformations, as it determines patterns of settlement, trade, and industrial expansion (Banister & Berechman,
2001; Li, et al., 2025). Improved connectivity helps integrate remote and underdeveloped areas into broader
economic systems, thereby promoting equity and inclusive growth. Planned development aims to ensure optimal
conditions and opportunities for all segments of society. As Das (1999) highlighted, development is a multi-
dimensional phenomenon, encompassing factors such as economic growth, education, healthcare,
modernization, gender equality, nutrition, housing, equitable distribution of goods and services, and access to
communication. In this context, transport development acts as a catalyst that supports and accelerates
improvements across these dimensions. The interdependence between road transport and socio-economic
development is well established. A robust road network not only facilitates mobility but also contributes to
enhancing productivity, market accessibility, and the overall quality of life (Tchoffo, et al.,2024). Studies have
shown that regions with higher road density tend to experience faster economic growth, better access to social
services, and improved employment opportunities (Ardila, 2016). Therefore, road connectivity is often viewed
as a harbinger of regional development, particularly in remote or backward areas, as it enables the effective
utilization of local resources and promotes social inclusion. The use of Geographic Information Systems (GIS)
has transformed the way spatial relationships between infrastructure and socio-economic conditions are
analyzed. GIS enables the integration of spatial and statistical datasets, facilitating the visualization of complex
interactions between variables (Longley et al., 2015; Talpur et al., 2024). Nijagunappa et al. (2007) demonstrated
how GIS-assisted mapping of road networks and social indicators in Dehradun helped identify regions needing
infrastructure investment. Such approaches are instrumental for sustainable urban management, particularly in
medium-sized and rapidly urbanizing cities like Rudrapur. While previous studies have extensively analyzed
transportation’s role in regional development, few have focused specifically on the intra-urban relationship
between road density and ward-level socio-economic development using GIS techniques in small and medium
cities of Uttarakhand. Existing literature primarily emphasizes metropolitan regions, leaving limited insight into
emerging industrial hubs such as Rudrapur, where industrial expansion (through SIDCUL) has drastically altered
urban morphology and infrastructure patterns. This study bridges this gap by employing spatial analysis and
statistical correlation to examine how variations in road density correspond with socio-economic indicators
across Rudrapur’s 40 municipal wards.

The present study is conducted in Rudrapur City, which serves as the administrative headquarters of the Udham
Singh Nagar district in the state of Uttarakhand, India. Rudrapur gained the status of district headquarters when
Udham Singh Nagar was carved out of the Nainital district on 30 September 1995. Later, with the enactment of
the Uttar Pradesh Reorganisation Act, 2000, passed by the Parliament of India on 9 November 2000, Rudrapur
became an integral part of Uttarakhand, the 27th state of the Republic of India (District Udham Singh Nagar,
2024). Geographically, Rudrapur is situated in the fertile Terai region of the Himalayan foothills, known for its
agricultural productivity and emerging industrial growth. The city covers an area of approximately 55.2 km?,
lying between 28°55' to 29°04’ North latitude and 79°22' to 79°27' East longitude (Kaur, 2025). The Kalyani
River flows through the city, traversing its industrial zone and contributing to the area’s agricultural and
industrial activities (Kaur & Punera, 2023). The city’s terrain is largely flat and alluvial, making it suitable for
both agriculture and urban expansion. Administratively, Rudrapur is divided into 40 municipal wards (following
the 2018 delimitation), with a total population of 175,723, as recorded in Census 2011. Over the past two
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decades, Rudrapur has transformed from a small agricultural settlement into a rapidly developing urban and
industrial hub, primarily due to the establishment of the Integrated Industrial Estate (IIE) under the State
Infrastructure and Industrial Development Corporation of Uttarakhand Ltd. (SIDCUL) (Kaur, 2022). The city
now serves as a major centre for manufacturing, trade, and services, attracting significant in-migration and urban
expansion.

Location Map of Rudrapur City
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Figure 1: Locality map of Rudrapur City drawn in QGIS software
Source: Drawn by author.

Literature Review

In India, Reddy and Reddy (2012) found that road connectivity has a strong positive correlation with district-
level economic development and employment generation. A seminal regional-scale analysis by Khan and
Shamshad (2012) on West Bengal revealed a strong positive association between road density and indicators
such as education, healthcare, urbanization, industrialization, and infrastructure availability. Their findings
highlight pronounced spatial variations, where districts with higher road density exhibited medium to high levels
of development, while centrally located districts with sparse road networks lagged behind, underscoring the role
of transport infrastructure in uneven regional growth. Rao and Sharma (2019) used GIS techniques to examine
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road density in Hyderabad and revealed that high-density areas correspond with zones of higher economic
activity and population concentration. Similarly, Mishra and Kumar (2020) analyzed road infrastructure in Patna
using QGIS and found that the peripheral wards had lower road density and limited access to urban services,
reflecting an uneven pattern of urban expansion. Singh (2018) examined road density variations in Lucknow city
and concluded that road density is positively associated with the distribution of educational and health facilities.
Geographic Information System (GIS)-based studies by Zhang et al. (2019) in China and Adepoju et al. (2020)
in Nigeria also highlighted how spatial mapping of roads can identify infrastructural deficiencies and guide
equitable planning decisions. Such spatial analyses are vital in understanding urban disparities and designing
sustainable mobility systems. Nijagunappa et al. (2007) successfully mapped the road network of Dehradun City
using satellite imagery, highlighting its effectiveness in analyzing road connectivity, spatial distribution, and
functional characteristics of urban transport systems. Tchoffo et al. (2024), using a computable general
equilibrium (CGE) model in Cameroon, demonstrated that investments in road transport infrastructure generate
positive externalities by mitigating inward—immiserizing growth, enhancing productivity, and strengthening
regional economic resilience. Their work emphasizes that transport infrastructure is not merely a facilitator of
growth but a corrective mechanism for structural economic imbalances, particularly in developing economies.
Talpur et al. (2024) employed GIS techniques to measure pedestrian accessibility to bus stops in Hyderabad,
Pakistan, revealing significant intra-urban inequalities in access to public transport. Their study illustrates how
spatial metrics derived from GIS can inform sustainable transport planning and alleviate urban traffic and
mobility challenges. Gadekar (2025) conducted a detailed spatial analysis of road density and network patterns
in Ahilyanagar District, Maharashtra, using GIS and statistical techniques such as mean and standard deviation.
The study classified road density into four categories—very low, low, moderate, and high—revealing significant
intra-district disparities in transportation infrastructure. While tehsils such as Shrirampur exhibited high road
density, others, particularly along state highways, showed comparatively low connectivity. The findings
highlight the uneven development of road infrastructure across administrative units and demonstrate the
effectiveness of GIS in identifying spatial patterns of transport accessibility.

Methodology

The present study adopts a GIS-based spatial analytical framework to examine the relationship between road
density and socio-economic development in Rudrapur City. High-resolution satellite imagery obtained from
Google Earth (2022) was used to prepare the base map of the study area. The imagery was geo-referenced in
QGIS version 3.16 using standard coordinate transformation techniques to ensure spatial accuracy. An official
ward boundary map of Rudrapur Municipal Corporation (RMC) was digitized and overlaid onto the base map
as a separate vector layer. Administratively, Rudrapur City is divided into 40 municipal wards, which were
adopted as the primary spatial units of analysis (Figure 1). The road network of Rudrapur City was digitized
manually from the geo-referenced Google Earth imagery. Digitization refers to the process of converting real-
world linear features into vector format to enable spatial measurement and analysis within a GIS environment.
To capture functional variations in connectivity, the road network was classified into two categories: 1) Major
roads — comprising national and state highways. ii) Minor roads — including arterial, sub-arterial, and local streets
connecting residential, commercial, and industrial areas. The total road length within each ward was calculated
using GIS spatial analysis tools. Road density was then computed using two standardized measures:
(i) road length per square kilometre and (ii) road length per 1,000 population, to account for both spatial extent
and population pressure. The resulting ward-wise road density maps were generated using open-source GIS
software (Figure 2).
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Socio-economic data were compiled from multiple secondary government sources, including the Rudrapur
Municipal Corporation, Chief Medical Officer’s Office, Block Education Office, and the District Statistical
Handbook. To assess ward-level development, nine socio-economic indicators were selected, representing key
dimensions of demography, education, health infrastructure, and basic urban services (Table 4). A standard z
score was developed to determine the overall level of development in each ward with the help of given formula;

Zi= Xi-X
SD
Where,
Zi= Standard score for the ith observation,
Xi=Original value of the observation,
X=Mean for all the values of X, and
SD=Standard deviation of X (Gallardo et al., 2012 & Miezah, K. et.al, 2015; Kaur et al., 2023)
Further, composite score was also calculated as;
CS =) Zij/N
Where, CS stands for composite score.
N refers to the number of variables.
>'7Zjj indicates Z-Scores of all variables i in ward j. (Kaur et al., 2022)

To explore the relationship between road density and socio-economic development, Karl Pearson’s coefficient
of correlation (r) was computed using the formula:

do Ty
V22?3 y?

Here, x represents road density, and y represents the socio-economic indicators. Microsoft Excel software was

used for statistical analysis to determine the strength and significance of these relationships. QGIS was employed
to visualize spatial disparities in road density and socio-economic development across the 40 wards. Maps were
generated to highlight areas of high and low road density and levels of development, facilitating a spatial
understanding of intra-urban inequalities.

Results and Discussions

The spatial distribution of roads within the Rudrapur Municipal Corporation (Figure 2) illustrates a clear pattern
of major and minor road networks across the city, revealing marked intra-urban variations in accessibility and
infrastructure development. Considerable differences are observed in ward-wise total road length and road
density, reflecting uneven levels of urban growth and functional land use, a pattern commonly noted in GIS-
based road network studies (Nijagunappa et al., 2007; Gadekar, 2025). As presented in Table 1 (Appendix),
wards such as Sidcul (104.47 km), Fulsunga (70.45 km), and Bigwarha (59.73 km) exhibit extensive road
networks, largely attributable to industrial expansion and peripheral development. In contrast, wards including
Ajad Nagar (2.61 km), Transit Camp East (3.84 km), and Kherha Southern (2.70 km) record comparatively
shorter road lengths, reflecting smaller ward areas, higher population concentration, or relatively underdeveloped
transport infrastructure. Similar spatial disparities between industrial-peripheral zones and older residential
wards have been documented in earlier urban road density analyses (Gadekar, 2025).
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Figure 2: Road Network map of Rudrapur city.
Source: drawn by author using QGIS software

Based on road density per square kilometre (Table 2), Rudrapur City exhibits marked spatial variations in the
distribution of its road network. Rampura Middle ward records a very high road density (about 155 km/km?),
reflecting a highly compact and well-connected internal road system within the city’s central core. Nearly 21
wards—including Awas Vikas West, Shiv Nagar, Vivek Nagar, and Raja Colony—tall within the moderate road
density category (27-65 km/km?), representing relatively well-developed and accessible urban zones. In contrast,
seven wards such as Fulsunga, Sidcul, Bigwarha, Bhurarani, Fajalpur Mahraula, Aadarsh Colony Ghas Mandi,
and Transit Camp East exhibit very low road density (5—14 km/km?) and are largely located in the peripheral
parts of the city. Such spatial disparities in road density reflect uneven levels of infrastructural development and
accessibility, a pattern also observed in earlier studies linking road density with stages of regional development
(Khan & Shamshad, 2012).
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Table 2: Rudrapur city: Level of Road Density/km?
Category Density No. of Name of wards

wards

Very low  5-14 7 Aadarsh Colony Ghas Mandi, Bhurarani, Bigwarha, Fajalpur Mahraula,
Fulsunga / Fulsungi, Sidcul, Transit Camp East

Low 14-26 6 Bhutbangla northeast, Industrial Area, Ajad Nagar, Alliance Colony,
Seergotia, Transit camps Western

Moderate 27-65 21 Aadarsh Colony SRA, Awas Vikas east, Awas Vikas west, Bhadaipura,
Bhutbangla West South, D1 D2, Dudia Nagar, Jagatpura, Kalyani View /
Ravindranagar, Kherha Middle, Kherha North, Kherha Southern,
Mukerjeenagar, Paharganj, Raja Colony / Takurnagar, Rampura East,
Sanjay Nagar, Shiv Nagar, Singh Colony, Transit Camp Central, Vivek
Nagar,

High 66-104 5 Aadarsh Indra Colony, Gandhi Colony, Indra Colony, Main Market,
Rampura Western

Very 105- 1 Rampura Middle

high 156

Source: data computed by author

The spatial pattern (Figure 3) indicates that the central wards have medium to high road density, while peripheral
wards remain less developed in terms of road infrastructure.
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Figure 3: Spatial Distribution of Road Density in Rudrapur City

Source: Drawn by author using QGIS software

The population-adjusted measure of road availability (Table 3) further highlights inequality in accessibility.
Wards such as Bigwarha (13.97), Fulsunga (16.93), and Sidcul (23.04) demonstrate very high road density per
thousand persons, reflecting relatively lower population pressure and better connectivity. In contrast, 13 wards—
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including Ajad Nagar, Kherha Middle, Kherha North, Sanjay Nagar, Rampura East, and Transit Camp East—
show very low road density per thousand persons (0.6—1.41 km), implying higher population concentration and
limited road infrastructure. This imbalance highlights a critical urban planning concern, as the city’s periphery
has better road availability per capita than the densely populated central areas.

Table 3: Rudrapur city: Level of Road Density/thousand Person

Category Density No. of Name of wards

wards

Very low 0.60-1.41 13

Low 1.69-2.79 12

Moderate 3.20-4.93 9

Ajad Nagar, Awas Vikas east, Bhutbangla northeast, Kherha Middle,
Kherha North, Kherha Southern, Paharganj, Rampura East, Rampura
Western, Sanjay Nagar, Shiv Nagar, Transit Camp East, Transit camps
Western,

Aadarsh Colony Ghas Mandi, Aadarsh Colony SRA, Aadarsh Indra
Colony, Bhadaipura, Dudia Nagar, Indra Colony, Jagatpura,
Mukerjeenagar, Raja Colony / Takurnagar, Rampura Middle, Singh
Colony, Vivek Nagar,

Awas Vikas west, Bhutbangla West South, D1, D2, Gandhi Colony,
Industrial Area, Kalyani View / Ravindrangar, Main Market, Seergotia,
Transit Camp Central,

High 6.82-9.01 3 Alliance Colony, Bhurarani, Fajalpur Mahraula,
Very 13.97- 3 Bigwarha, Fulsunga / Fulsungi, Sidcul,
high 23.04

Source: data computed by author

Spatial Analysis of Socio- Economic Development

Nine socio-economic indicators were selected to assess intra-urban disparities in Rudrapur (Table 4). The
selected indicators represent demographic composition, access to social infrastructure, and basic urban services,

commonly used in urban development studies. The ward-wise composite z scores were calculated (Table 5), and

wards were grouped into five levels of development (Table 6).

Table 4. Indicators of socio-economic development

Variables Definition of variables Direction for Development
X1 Total population Negative (higher pressure)
X2 population density Negative
X3 Total no. of street lights Positive
X4 Numbers of secondary and hr. sec. schools per thousand people Positive
X5 Numbers of govt. hospitals per thousand people Positive
X6 Numbers of private hospitals per thousand people Positive
Numbers of recreational facilities (parks, shopping malls, hotel & Positive
X7 restaurants etc.)
X8 Drains length in km Positive
X9 Numbers of dustbin per thousand people Positive

Each indicator was standardized using Z-score normalization to remove scale effects and allow comparability

before aggregation
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Table 5. Ward wise Composite Z- Score of Socio- Economic Indicators

composite

S.No. Ward Name X1 X2 X3 X4 X5 X6 X7 X8 X9 Z score
1 Fulsunga / Fulsungi -0.76  -1.18 353 0.70 -0.33 020 0.13 264 065 062
2 Transit Camp East -0.19 -0.72 0.12 0.11 292 -0.67 043 020 1.07 0236
3 Transit Camp Central -1.62 -0.52 -0.27 1.69 -033 -0.21 -031 0.82 0.0l _0.08
4 Transit camp Western -1.32 -0.11 -0.53 132 -0.33 -0.67 -046 0.18 080 -0.12
5 Mukerjeenagar 074 031 -046 -0.75 -0.33 -0.67 -0.46 -0.19 096 _.0.09
6 Jagatpura -0.08 -042 -045 001 -033 -0.26 -046 -0.08 0.12 _0.22
7 Ajad Nagar -0.19 053 003 0.12 -0.33 -0.67 -0.31 0.11 048 .0.03
8 Vivek Nagar -191 -0.13 -0.38 205 -0.33 -0.67 -0.61 -0.63 0.11 _0.28
9 Shiv Nagar -1.00 0.18 -0.02 096 -0.33 -0.67 -0.61 0.09 -0.50 _0.21
10 Raja Colony / Takurnagar -0.20 -0.04 -0.60 0.13 -0.33 -0.26 -0.61 0.14 129 _0.05
11 Sanjay Nagar 140 1.67 -0.77 -1.29 -0.33 -0.30 -0.31 -0.35 -0.01 .0.03
12 Industrial Area 126 -1.06 045 -1.18 -0.33 -0.30 -0.31 041 0.19 .0.10
13 Dudia Nagar 042 -0.06 -0.60 -0.46 -0.33 -0.67 -0.61 -0.60 -0.91 _0.42
14 Bhadaipura -0.15 0.05 -0.28 0.07 -0.33 -0.26 -0.46 -0.24 -1.37 _0.33
15 Paharganj 0.14 027 -030 -0.20 -0.33 -0.67 -0.61 034 -091 _0.25
16 Bigwarha -0.38 -1.19 244 031 -0.33 144 -0.61 254 054 053
17 Kherha Southern -2.54 157 -0.65 290 -0.33 -0.67 -0.01 -0.95 -1.52 _0.24
18 Kherha Middle -0.78 1.16 -0.55 0.73 3.06 -0.67 -0.31 -0.98 -1.89 _0.03
19 Kherha North 026 047 -0.59 -031 -0.33 -0.67 132 -0.50 -0.58 _0.10
20 Bhutbangla northeast 029 -0.10 0.15 -034 -0.33 -0.67 222 -0.16 -0.62 (.05
21 Bhutbangla West South -1.19 -0.68 -0.67 1.18 -0.33 0.67 -0.46 -0.84 -049 _0.31
22 Rampura East -0.70 0.14 026 064 -0.33 -0.67 -0.61 -0.83 -0.50 _.0.29
23 Rampura Middle -091 278 -0.70 0.86 3.09 -0.67 -0.61 034 -0.65 039
24 Rampura Western -0.87 253 -0.78 0.82 -0.33 -0.67 -0.61 -0.73 0.03 _0.07
25 Fajalpur Mahraula 091 -1.15 040 -0.89 -0.33 -0.67 -0.61 3.61 072 022
26 Seergotia .52 -099 035 -1.38 -0.33 0.07 -0.16 054 025 _0.02
27 Gandhi Colony 1.18 -0.14 -0.61 -1.11 -0.33 0.09 043 -0.31 -0.17 _0.11
28 Main Market -0.14 -0.25 -0.19 0.07 -0.33 141 296 -0.78 -0.06 030
29 Aadarsh Colony SRA 121 0.12 -040 -1.14 -0.33 -0.67 -0.01 -0.62 -0.64 _.0.28
30 D1, D2 -0.28 -047 -034 020 -033 185 1.77 -044 0.09 023
31 Alliance Colony 1.81 -1.02 -0.24 -1.61 -0.33 152 -031 0.66 133 020
32 Bhurarani -0.63 -1.16 320 0.57 -033 0.62 -0.61 1.08 090 040
33 Singh Colony 069 -0.73 031 -0.70 -0.33 0.11 -0.61 -0.04 154 .03
34 Indra Colony -0.27 155 -0.54 020 -0.33 -0.25 -0.61 -0.65 -0.14 _0.12
35 Aadarsh Indra Colony 126 1.10 -0.57 -1.18 -0.33 -0.67 -0.61 -0.39 -0.01 _0.16
36 Aadarsh Colony Ghas Mandi ~ 0.93  -0.91 -033 -091 -033 358 058 -0.68 1.09 034
37 Kalyani View / Ravindranagar 0.82 -0.33 -042 -0.81 -033 049 -0.01 -041 1.60 0.07
38 Awas Vikas west 0.70 -046 0.02 -0.71 -0.33 247 356 -0.83 020 051
39 Awas Vikas east 0.10 057 -0.63 -0.17 -0.33 0.14 -0.31 -049 0.54 _.0.06
40 SIDCUL 046 -120 161 -049 277 -0.67 -0.16 -0.99 -3.51 _0.24

Source: data computed by author. Calculation is based on census 2011, block education department 2021, municipal
corporation office 2021, chief medical office 2021.
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Table 6 illustrates the ward-wise pattern of socio-economic development in Rudrapur City , based on a composite
Z-score index constructed from selected demographic, social, and infrastructural indicators. The composite
scores were grouped into five categories—very low, low, medium, high, and very high levels of development—
to systematically capture spatial inequalities and variations among the 40 municipal wards. The classification
reveals pronounced inter-ward disparities, reflecting unequal access to urban infrastructure and socio-economic
opportunities within the city.

Figure 4 spatially visualizes these development levels through a composite Z-score map, where varying shades
depict the intensity of socio-economic development across wards. Wards categorized under very high and high
levels of development are predominantly concentrated in centrally located and relatively well-planned areas,
characterized by better infrastructure, services, and connectivity. In contrast, wards (Dudia Nagar, Bhadaipura,
Rampura East, Jagatpura, Kherha Southern, Shiv Nagar, and Sidcul) exhibiting low and very low levels of
development are largely clustered in peripheral, industrial, and transitional zones, where infrastructure provision
and service accessibility remain comparatively limited.

The spatial pattern evident in Figure 4 underscores the existence of significant intra-urban disparities in Rudrapur
City and highlights the uneven nature of urban development driven by differential planning priorities, industrial
expansion, and infrastructural investment.

Table 6. Level of Development in Rudrapur City, 2021
Category Composite z No.of ward Ward name

score

Very low  -0.42—-0.21 11 Dudia Nagar, Bhadaipura, Bhutbangla West South, Rampura
East, Vivek Nagar, Aadarsh Colony SRA, Paharganj. Kherha
Southern, Sidcul, Jagatpura, Shiv Nagar

Low -0.20--0.050 11 Aadarsh Indra Colony, Transit camps Western, Indra Colony,
Gandhi Colony, Industrial Area, Kherha North, Mukerjeenagar,
Transit Camp Central, Rampura Western, Awas Vikas east, Raja
Colony / Takurnagar

Medium  -0.049-0.070 7 Ajad Nagar, Sanjay Nagar, Kherha Middle, Seergotia, Singh
Colony, Bhutbangla northeast, Kalyani View / Ravindranagar

High 0.071 -0.40 8 Alliance Colony, Fajalpur Mahraula, D1, D2, Main Market,
Aadarsh Colny Ghas Mandi, Transit Camp East, Rampura
Middle, Bhurarani

Very 0.41-0.62 3 Awas Vikas west, Bigwarha, Fulsunga / Fulsungi

high
Source: based on table 5

Correlation between Road Density and Selected Variables of Development

The Pearson’s correlation analysis (Table 7) was performed to examine the relationship between road density
(km?) and selected socio-economic variables. The results indicate that road density exhibits a statistically
significant positive correlation with population density (r=0.586, p <0.05). This suggests that wards with higher
road density per km? tend to be more densely populated. The coefficient of determination (r> = 0.343) implies
that approximately 34.3% of the variation in population density can be explained by variations in road density,
highlighting the close linkage between transportation infrastructure and urban concentration. In contrast, road
density shows a statistically significant negative correlation with the total number of street lights (r =—0.556, p
< 0.05). This inverse relationship indicates that areas with higher road density do not necessarily possess a
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proportional increase in street lighting infrastructure. The r* value of 0.310 suggests that about 31.0% of the
variation in street lighting distribution is associated with changes in road density. This finding points towards
uneven infrastructure provisioning and possibly reflects unplanned or rapid road expansion without
corresponding upgrades in public amenities. Similarly, a significant negative correlation is observed between
road density and drain length (r = —0.496, p < 0.05). The 1 value (0.246) indicates that nearly 24.6% of the
variation in drainage length is explained by road density. This suggests that drainage infrastructure has not
expanded in proportion to road development, raising concerns regarding urban sustainability and flood
vulnerability in highly road-dense wards. Other variables, including total population, educational institutions,
healthcare facilities, recreational facilities, and waste management infrastructure, show weak and statistically
insignificant relationships (p > 0.05) with road density. Overall, the findings indicate that while road density is
closely linked to population concentration, it does not uniformly translate into improved access to urban
amenities, reflecting uneven patterns of urban development in Rudrapur City.

Rudrapur City
Socio-Economic Development E
W — E

composite z score
verylow [ 5.42-.0.21
low [ -0.20 - -0.050
medium -0.049 - 0.070
high [ 0.071 - 0.40 i = 3 nKiiGieisns
very high [l 0.41 - 0.62

Figure 4. Level of Socio- Economic Development,2021
Source: drawn by author in QGIS software.
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Table 7: Correlation of Road Density/ km? area with selected variables.

S.No  variables r r? p-value Significance level
1 Total population 0.039 0.002 0.812 Not Significant

2 population density 0.586 0.343 0.00007 *Significant

3 Total no. of street lights —0.556 0.310 0.00019 *Significant

Numbers of secondary and
hr. sec. schools per

4 thousand people —0.036 0.001 0.824 Not Significant
Numbers of govt. hospitals
5 per thousand people -0.154 0.024 0.344 Not Significant

Numbers of  private
hospitals per thousand

6 people —0.008 0.000 0.959 Not Significant
Numbers of recreational

7 facilities 0.202 0.041 0.212 Not Significant

8 Drains length in km —0.496 0.246 0.00113 *Significant
Numbers of dustbin per

9 thousand people -0.093 0.009 0.568 Not Significant

Source: Calculation is based on census 2011, block education department 2021, municipal corporation, chief medical office
2021. Data Calculated in Excel by author.
*Correlation is significant at p- value < 0.05 level.

Conclusions

The present study reveals pronounced intra-urban disparities in road infrastructure and socio-economic
development across the municipal wards of Rudrapur City. GIS-based spatial analysis shows that central wards
generally possess higher road density, while peripheral and industrial wards exhibit lower density but relatively
better per capita road availability due to lower population pressure. The composite socio-economic development
index further highlights uneven development, with only a few wards attaining very high development status and
a large number remaining in low and very low categories. Correlation analysis confirms that road density is
significantly associated with population density, reinforcing the role of transportation infrastructure in shaping
urban form and concentration. However, the observed negative relationship between road density and essential
amenities such as street lighting and drainage infrastructure indicates that road expansion has not been
accompanied by proportionate improvements in supporting urban services. This imbalance reflects fragmented
and uneven infrastructure provisioning, raising concerns regarding sustainability, safety, and service equity.
Overall, the findings reaffirm that transportation infrastructure is not merely a physical component of urban
growth but a fundamental determinant of socio-economic equity and inclusivity. Enhanced road connectivity
facilitates efficient mobility, improves access to education and healthcare, and supports economic
diversification. Therefore, integrated urban planning strategies emphasizing balanced infrastructure investment
across all wards are essential for achieving sustainable and inclusive development in Rudrapur City. Future urban
policies should prioritize improving road connectivity in low-density and underdeveloped wards, strengthening
coordination between municipal authorities and industrial agencies, and ensuring equitable access to public
facilities. Such measures are crucial for reducing intra-urban disparities and for transforming Rudrapur into a
resilient, well-connected, and socially inclusive urban centre in Uttarakhand.
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Limitations of the Study

Despite providing valuable insights into the relationship between road density and socio-economic development
in Rudrapur City, the present study has certain limitations. First, the analysis relies primarily on secondary data
sources, including Census 2011 and departmental records from 2021. Although these sources are authoritative,
the time lag between datasets may not fully capture recent demographic changes and rapid urban growth,
particularly in industrial and peripheral wards. Second, the socio-economic development index is based on a
limited set of nine indicators. While these indicators represent key demographic and infrastructural dimensions,
other important factors such as household income, employment structure, housing quality, public transport
availability, and environmental conditions could not be included due to data constraints. Finally, the ward-level
analysis, though suitable for intra-urban comparison, may mask micro-level variations within wards. Future
studies using finer spatial units such as neighbourhoods or census blocks, along with primary surveys and
longitudinal data, would provide a more nuanced understanding of urban infrastructure and socio-economic
dynamics.
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Appendix:
Table 1: Ward Wise Length and Density of Roads in Rudrapur City.
S.no Total Road length (in Road length/ Road length/ thousand
. Ward Name km) sq.km person
1 Fulsunga / Fulsungi  70.45 11.07 16.93
2 Transit Camp East 3.84 8.52 0.88
3 Transit Camp Central 12.46 42.82 32
Transit camp
4 Western 4.37 234 1.09
5 Mukerjeenagar 9.16 58.56 1.98
6 Jagatpura 4.81 16.88 1.1
7 Ajad Nagar 2.61 20.35 0.6
8 Vivek Nagar 6.9 38.01 1.81
9 Shiv Nagar 5.5 36.52 1.34
Raja  Colony /
10 Takurnagar 8.05 42.21 1.85
11 Sanjay Nagar 5.42 62.88 1.12
12 Industrial Area 23.43 14.47 4.89
13 Dudia Nagar 9.37 46.57 2.07
14 Bhadaipura 7.42 41.95 1.7
15 Paharganj 6.24 40.38 1.4
16 Bigwarha 59.73 8.04 13.97
17 Kherha Southern 2.7 40.45 0.74
18 Kherha Middle 4.36 48.3 1.05
19 Kherha North 6.1 44.5 1.36
20 Bhutbangla northeast 4.05 19.43 0.9
Bhutbangla West
21 South 19.85 50.82 4.93
22 Rampura East 5.68 35.77 1.36
23 Rampura Middle 8.27 155.73 2.01
24 Rampura Western 4.66 82.10 1.12
25 Fajalpur Mahraula 38.33 9.86 8.19
26 Seergotia 22.88 20.89 4.7
27 Gandhi Colony 17.14 75.27 3.6
28 Main Market 20.08 86.48 4.61
29 Aadarsh Colony SRA  8.06 43.61 1.69
30 D1, D2 16.85 56.8 391
31 Alliance Colony 33.77 259 6.81
32 Bhurarani 37.81 9.33 9
33 Singh Colony 12.86 26.28 2.79
34 Indra Colony 8.31 103.5 1.92
Aadarsh Indra
35 Colony 9.88 92.78 2.06
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Aadarsh Colony

36 Ghas Mandi 8.65 10.97 1.84
Kalyani  View /

37 Ravindranagar 15.87 58.72 341

38 Awas Vikas west 20.37 64.92 441

39 Awas Vikas ecast 543 42.35 1.22

40 SIDCUL 104.47 5.01 23.04

Source: Road network digitized from Google Earth high-resolution imagery (2022). Ward-wise road length and road density
(per sq. km and per thousand population) were calculated using population data from Census of India (2011)
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