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Abstract

Urban housing inequality and uneven access to infrastructure are growing challenges in rapidly expanding secondary
cities like Rajshahi, Bangladesh. This study employs Geographic Information Systems (GIS) to spatially analyze
disparities in housing conditions and accessibility to key urban infrastructure. Using high-resolution satellite imagery,
census data, and field surveys, the research maps residential zones across Rajshahi City Corporation (RCC), classifying
them based on housing quality, density, and socio-economic indicators. Spatial analysis, such as buffer and network
analysis, assesses proximity and access to essential services, including healthcare, education, water supply, and
transportation. Results reveal significant intra-urban disparities, with peripheral and low-income neighborhoods facing
limited access to public services and poor housing conditions. Hotspot analysis identifies clusters of housing
deprivation and infrastructural gaps, offering a visual foundation for targeted interventions. The study also highlights
how rapid urbanization without inclusive planning exacerbates inequality. The findings demonstrate the effectiveness
of GIS in diagnosing spatial inequalities and supporting data-driven urban policy. Recommendations are proposed for
equitable infrastructure distribution and prioritized housing improvements. This research provides a replicable GIS-
based framework to guide inclusive and resilient urban development in Rajshahi and similar cities in the Global South.

Keywords: GIS; Urban Housing; Inequality; Hotspot Analysis.

1 Introduction

Rapid urbanization in the Global South has led to significant socio-spatial inequalities, particularly in secondary cities
where infrastructure development lags behind population growth (Satterthwaite, 2007). Rajshahi, Bangladesh,
exemplifies this trend, experiencing unplanned urban expansion that exacerbates disparities in housing conditions and
access to essential services (Lipi and Hasan,2021). This city faces significant challenges, including housing inequality
and inadequate access to infrastructure. As cities expand, unplanned growth often leads to spatial disparities that
disproportionately affect low-income and marginalized communities.

Scholars have taken an increasing interest in the issue of public facility accessibility. Poor accessibility may have
negative socioeconomic effects and promote inequality by limiting citizens’ access to essential public facilities, such
as schools and hospitals, as well as services and social interactions. Existing studies on urban inequality in Bangladesh
primarily focus on Dhaka and Chittagong, neglecting secondary cities like Rajshahi (Baser et al., 2021). Rapid
urbanization in Bangladesh has intensified demand for urban residential land, creating scarcity and competition
(Addae-Dapaah, 1999). The satisfaction level of different residential areas of Rajshahi city has been identified based
on the residents’ perception of living in those areas (Abdulla et al., 2019). Rapid urbanization and population growth
in Rajshahi City Corporation have led to disproportionate spatial distribution of public facilities, resulting in significant
urban housing and infrastructure inequality (Chakrabarty and Rahman,2024). Studies worldwide consistently show
that poorer people tend to live in worse-quality housing, especially in slums and low-income areas where basic
infrastructure is often missing, as reported by UN-Habitat (2016). GIS has emerged as an invaluable tool in urban
studies for identifying complex spatial inequalities. Numerous studies have successfully utilized GIS for a range of
critical applications. GIS helps researchers accurately measure how close people are to important services like
hospitals, schools, and public transport by using special mapping techniques (network and buffer analysis) (Ilme and
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Sarwar, 2014). GIS also works well for studying where different groups of people live and how densely populated
areas are, helping us better understand patterns of settlement across a city (City Population). This study aims to fill
that gap by analyzing spatial inequalities in Rajshahi, a rapidly growing city, to provide insights for more equitable
urban planning.

2 Study Area

Rajshahi City, strategically situated on the northern bank of the Padma River, is one of the major urban centers in
Bangladesh, serving as the divisional headquarters of Rajshahi Division. The city is officially administered by the
Rajshahi City Corporation (RCC), which has experienced significant population growth over the past few decades.
Rajshahi City Corporation area 95.56 sq km, located between 24°20' and 24°24' north latitudes and between 88°32'
and 88°40' east longitudes. Paba Upazila bounds it on all sides. According to the Bangladesh Bureau of Statistics
(BBS) population census 2022, the population of RCC was 553,288, with 284,818 males and 268,423 females. The
population density was 11,905 people per square kilometer. The city is divided into 30 administrative wards and
comprises 134 mahallas. The total number of households is 99,097, and 32 slums in the city (RCC, 2023). The city is
served by 4 police stations: Boalia, Rajpara, Shahmakhdum, and Matihar. Organizations like the Rajshahi
Development Authority (RDA) and the Rajshahi Water Supply and Sewerage Authority (WASA) are involved in city
planning and infrastructure provision. However, significant disparities exist in residential areas, with common
problems including narrow entrance roads and issues with sewerage, drainage systems, and gas connectivity in some
areas. The city’s diverse landscape is a dynamic mix, surrounding formally planned residential areas, informal
settlements, commercial zones, and educational institutions. The varying socio-economic profiles observed across its
numerous wards and neighborhoods make Rajshahi an exceptionally insightful case study for a detailed examination
of intra-urban inequalities.
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Figure 1: Study Area Of Rajshahi City Corporati(;n (RCC)

3 Methodology

We primarily employed a quantitative approach for this study, emphasizing advanced spatial analysis with GIS
(Geographic Information Systems). Our method involved carefully collecting data and using various GIS analysis
techniques. The study employed an integrated geospatial approach, combining remote sensing, census data, and field
surveys. Administrative boundaries and demographic data were sourced from Rajshahi City Corporation and the 2022
Bangladesh Census. Infrastructure layers (roads, schools, healthcare facilities) were digitized from OpenStreetMap.
All the datasets were georeferenced in ArcMap 10.8. High-resolution satellite imagery, primarily sourced from
platforms such as Google Earth Pro, was extensively used for initial visual interpretation, enabling the identification
of various housing types, prevailing land use patterns, and the overall urban morphology. Crucial census data,
specifically ward-level population figures, detailed household characteristics, and essential amenity access information
(such as water, sanitation, and electricity), were obtained from the official Bangladesh Bureau of Statistics (BBS) data.
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3.1 Key Parameters and Operationalization

The following key parameters were carefully operationalized and prepared for subsequent spatial analysis within the
GIS environment.

3.1.1 Housing Condition

Housing conditions were assessed through a combination of field surveys, which involved visual inspection and
thorough interpretation of high-resolution satellite imagery. We then sorted houses into pucca, semi-pucca, kancha,
and jhupri. From the Rajshahi City Corporation (RCC), we find the percentages of general households by the structure
of the main dwelling.

3.1.2 Population Density By Ward

Population distribution was quantified using 2022 BBS census data paired with official ward boundary maps. The
calculation of persons per square kilometer for each administrative ward enabled the creation of a thematic GIS map.
This visualization employed color gradients to immediately communicate density variations across neighborhoods,
from sparsely populated to highly congested areas.

3.1.3 Distance to Nearest School, Healthcare Centre, Market

The analysis of proximity to essential services—schools, healthcare centers, and markets—utilized data primarily from
OpenStreetMap, which was rigorously validated and updated using GPS points collected from Google Maps. Buffer
Analysis, where concentric buffer (e.g., 500m) was created around each facility type to identify residential areas falling
within a reasonable walking or travel distance.

3.1.4 Road Network Connectivity

Road network connectivity was assessed using data from OpenStreetMap, meticulously updated during field surveys.
Operationalization involved analyzing the density and the level of interconnectedness within the road network.

3.1.5 Green Space Availability

Green spaces were analyzed using satellite images to find vegetated areas. We also used OpenStreetMap to locate
parks and open areas. The study measured available green space per person or area in neighborhoods by combining
residential maps with green space data in GIS.

3.2 GIS Software and Techniques

ArcGIS 10.8 and Google Earth Pro were the primary GIS software platforms employed for the comprehensive
management, analysis, and mapping of all spatial data throughout the study. Buffering techniques created defined areas
around point or line features. Network Analysis was extensively utilized to calculate shortest paths, delineate service
areas, and determine origins and destinations based on the detailed road network. Overlay Analysis facilitated the
combination of multiple spatial datasets to identify complex relationships.

4 Results and Discussion

The spatial analysis conducted using GIS revealed profound and statistically significant intra-urban disparities across
Rajshahi City, particularly concerning housing conditions and accessibility to critical urban infrastructure. These
findings illuminate clear patterns of inequality embedded within the urban fabric.

4.1 Housing Condition and Population Density

The housing survey showed a clear divide across the city: well-built, permanent homes were mostly in central, affluent
areas like Ward 10 and Ward 15, while semi-permanent houses dominated moderately developed zones like Ward 8
and Ward 9. Meanwhile, temporary housing—characterized by slum-like conditions—was heavily concentrated in
outer areas, such as Ward 9, 23,24 near the river and Ward 6 near industrial zones. These peripheral wards had
significantly higher population densities (over 25,000 people per square kilometer in Ward 11, compared to just 4,000
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in Ward 17) and far worse access to basic services, such as water and sanitation. This pattern suggests a rapid,
unplanned influx of migrants into poorly equipped areas, straining already weak infrastructure.

Table 1: General Household by Structure of Main Dwelling (%) (BBS,2021)

Type

Pucca

Semi-Pucca

Kancha

Jhupri

Percentage(%bo)

68.11

241

7.63

0.17

Table 2: Area and Population Density of RCC (Population Census, 2022)

District e Population Area Popula_tion Bl Population Area Popula_tion
no Density no Density
Rajshahi 1 19328 1.476 13096 16 22983 1.884 12201
Rajshahi 2 24510 3.746 6542 17 31445 7.048 4462
Rajshahi 3 26413 1.105 23895 18 18180 1.6284 11164
Rajshahi 4 12539 0.751 16698 19 28881 1.824 15838
Rajshahi 5 17322 0.7537 22983 20 9099 0.4241 21457
Rajshahi 6 17114 0.6783 25233 21 10357 0.3747 27644
Rajshahi 7 15247 1.91 7981 22 9633 0.3476 27711
Rajshahi 8 10453 0.5349 19541 23 9963 0.3095 32195
Rajshahi 9 14541 0.4775 30453 24 16359 0.522 31339
Rajshahi 10 11379 0.6864 16579 25 14125 0.5239 26962
Rajshahi 11 13739 0.2739 50161 26 26501 4.307 6152
Rajshahi 12 13651 0.461 29614 27 23495 1.921 12233
Rajshahi 13 10188 0.4639 21963 28 28360 1578 17973
Rajshahi 14 14255 0.548 26012 29 17182 1.162 14789
Rajshahi 15 16295 0.7491 21752 30 32031 6.495 4932

4.2 Access to Water Supply, Sanitation, and Electricity

The analysis revealed stark disparities in access to basic utilities across Rajshahi. Central wards maintained reliable
piped water, sanitation, and electricity services, while peripheral and low-income areas faced severe shortages.
RWASA's 712.5 km pipeline network serves 70% of residents (Aid, 2019), leaving 30% dependent on tube wells
(Uddin, 2011). Temporary housing areas showed particularly poor sanitation access, with many resorting to shared or
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open defecation, worsening environmental and health risks. Though electricity coverage was widespread, informal
settlements experienced frequent outages and higher rates of illegal connections, reflecting inadequate infrastructure
investment in marginalized communities.

4.3 Distance to Nearest School, Healthcare Centre, and Market

Rajshahi City has unequal access to key services. While primary schools are well-spread, good secondary education
and healthcare, especially hospitals, are concentrated in central areas. This means people in the city's outskirts travel
much farther for better schools, advanced medical care, and diverse markets. This uneven distribution highlights a past
planning focus on the city center, ignoring the needs of its growing outer areas. In Rajshahi City Corporation, primary
schools, clinics, hospitals, and markets show uneven spatial distribution; 67 primary schools largely cover the city but
exclude Wards 26, 29, and 30, while 47 clinics and all 19 hospitals are predominantly in the southern part, leaving
multiple wards (2, 4, 24, 25, 26, 27, 29, 30 for clinics; 20 wards for hospitals) underserved, and 35 markets are absent
from 15 wards (8, 9, 10, 11, 14, 15, 19, 20, 21, 24, 25, 26, 27, 29, and 30)-e.g.: (Chakrabarty and Rahman, 2024).

The comprehensive road network analysis of Rajshahi City shows uneven connectivity, with central areas having well-
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4.4 Road Network Connectivity

connected and dense roads that make movement easy. However,
peripheral areas suffer from poor road networks, with many roads
being unpaved, narrow, or poorly maintained. Informal settlements
often lack proper roads, relying on narrow alleys, which makes it hard
for emergency services and public transport to reach them. This poor
connectivity isolates residents, limiting their access to jobs, markets,
and essential services, and slowing down the delivery of goods.

Figure 6: Road Connectivity Of RCCC
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4.5 Green Space Availability

The analysis of green spaces indicated a striking inequity in their
distribution across Rajshahi. Central and more affluent areas generally
boasted better access to well-maintained parks and public open spaces.
Conversely, many low-income and densely populated areas,
particularly informal settlements, possessed alarmingly limited or, in
some cases, virtually no access to formal green spaces whatsoever. Any
available open areas in these deprived zones were often either
informally utilized for various activities or left unused and poorly
maintained. Central, richer areas (pink "Built-up" areas mixed with
green "Vegetation™) enjoy well-maintained parks, while many poor and [ vegetation — T T T T

crowded neighborhoods (more densely pink, with less green) have very E:Z’“;:: 2 1.0 2 4 Km

few or no formal green spaces. Any open areas in these deprived zones - S

are often unmanaged. Figure 7: Green Space Availability of RCC
5 Conclusion

This study reveals a significant unequal distribution of housing and essential services across Rajshahi City.
Overcrowded wards, notably 9, 11, 12, and 24, contain slum areas where stark inequalities in living standards are
prevalent. Furthermore, peripheral riverside zones and other specific wards, including 2, 4, 29, and 30, suffer from
inadequate access to critical infrastructure. Fast city growth has made these problems worse, depriving many residents
of proper shelter, clean water, and reliable roads. To fix this, city planners must focus on the areas that need the most
help. Improving basic services and building affordable housing are very important. Equally important is the strategic
decentralization of public facilities like schools and hospitals. For sustainable and equitable development, urban
planning must actively involve local communities and utilize GIS technology to monitor growth and guide informed
decision-making.
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