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PUBLIC HEALTHCARE AND POPULATION:
A WARD-LEVEL STUDY OF GREATER MUMBALI, INDIA
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Abstract. This study examines the disparities in the availability of public healthcare facilities in Greater Mumbai
with an aim to propose spatially sustainable solutions for promoting good health and well-being. We use data
from the Open City — Urban Data Portal and the Census of India to develop thematic mapping, a linear growth
model, the Bivariate Moran’s I, and Geographically Weighted Regression (GWR) to achieve the findings. Our
study reveals that the highly populated wards, such as P/N, L, and M/E, remain underserved, while the specialized
healthcare units are disproportionately clustered in a few central wards. On the other hand, some southern wards
show a relatively better alignment between population and facilities. Overall, most wards exhibit weak or below-
average associations between population and healthcare facilities, with only G/S displaying a strong positive
match. These patterns underscore the uneven geography of healthcare access, posing serious challenges to achieving
Sustainable Development Goal 3. The study calls for targeted interventions and a ward-level redistribution of
facilities to bridge these spatial gaps and move towards equitable healthcare provision in Mumbai.

1. INTRODUCTION

The overall well-being of a country’s population depends on an efficient healthcare system, since it
plays a crucial role in managing health issues, offering medical care, and advancing public health (Kruk
et al., 2018; Lytvyn et al., 2024; OECD, 2019). However, there is spatial disparity in public facilities,
including healthcare, which poses challenges for sustainable and equitable urban growth (Xu et al., 2022).
These inequalities reflect larger levels of socioeconomic disparities and structural obstacles to healthcare
access, which pose disparities in access to public healthcare facilities in numerous metropolitan settings.
Particularly in regards to developing countries, public healthcare sectors face numerous obstacles, such as
inadequate healthcare facilities, inadequate equipment, and other resources that limit care and well-being
in comparison to overall healthcare spending in other parts of the world (Cline and Luiz, 2013).

India spends only 1.3% of its Gross Domestic Product (GDP) on the healthcare sector, whereas
Japan spends 10.9%, the USA 8.5%, and Brazil 7.5%; even a less developed economy, like Bhutan,
assigns 3.6% of its GDP to its healthcare sector (Kapoor, 2020). Aside from limited public investment
in the healthcare sector, there is a significant disparity between demand for and availability of healthcare
services in India between states (Kumari and Raman, 2022). Thus, when one compares India with the
developing regions of South Asia, the state of public healthcare facilities and healthcare expenses falls
short of the mark. Given that India is now the most populated economy, with a fast-rising economically
productive cohort as well as an older one, and given the rising life expectancy and the changing fabric
of the family systems, from joint family to nuclear family, having access to affordable healthcare is of
critical importance.
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In India, an inadequate amount of spending on public health, along with limited access to and
quality of public healthcare services, and a lack of specialized healthcare facilities and staff have created
opportunities for private actors to step in and fill the gaps (Harchand, 2019). However, private healthcare
services are expensive and unaffordable for the economically weaker sections (EWS) and the aging
segments of the country’s population. Access to high-quality healthcare is significantly associated with
income, geographic location, education, etc., which systematically excludes the EWS (Palasi and Chim,
2022). Thus, the emerging disparities in public healthcare facilities disproportionately affect the
marginalized populations, exacerbating health inequalities, further decreasing their quality of life, and
perpetuating cyclic poverty and ill health.

While the public healthcare system is supposed to ensure better care and treatment for marginalized
communities, research reveals that access remains the lowest among marginalized population groups
(Barik and Thorat, 2015; Brakefield et al., 2023; Williamson, 2024). This is especially valid for the
cities in India, which comprise a vast proportion of people belonging to EWS. This leads to inequality
in access to healthcare facilities in Indian cities and forces the urban poor towards greater suffering due
to inadequate healthcare. Furthermore, the poor status of public healthcare facilities in Indian cities
creates hurdles to achieving sustainable development goals (SDGs) such as SDG No. 3 (Good Health
and Well-being), SDG No. 10 (Reduced Inequalities), and SDG No. 11 (Sustainable Cities and
Communities). Numerous aspects of public healthcare facilities have been investigated in several
nations, including India. A study performed by the USA found a correlation between county population
health and hospital community services (Apatu et al., 2019). Inequitable demographic and spatial health
resource distribution has been observed in Western China (Wang et al., 2023). Furthermore, scholars
have also established spatiotemporal connections between the effects of improved health resources and
population health (Qiu et al., 2023). There are also the strong effects of growing social and economic
inequality on people’s health, which have become a larger concern in recent times (Grant et al., 2017).
Significant research has focused on the role of public healthcare policies in affecting health inequities
in high-income countries (Such et al., 2022; Thomson et al., 2018; Zorbas et al., 2021).

In India, due to shortcomings and inefficiencies in the existing infrastructure, public healthcare
facilities are overburdened and are unable to provide effective services (Sharma and Popli, 2023).
Additionally, the private sector comprises a majority of all healthcare facilities in India (Gauttam et al.,
2021). In other words, there aren’t enough public sector healthcare facilities affordable for most of
India’s population, whereas the private facilities are beyond the reach of a large segment of the
population, which largely comprises the low and low-middle-class population. The COVID-19
pandemic’s impact on India’s economy and the lackluster public healthcare system’s reaction have
exacerbated the public health issue (Bhattacharjee et al., 2024; Duggal, 2020).

Home to approximately 18% of the world’s population, India is the largest lower-middle-income
country in the world (Sharma and Popli, 2023). It also has the highest concentration of poor people and
children worldwide (Nitnaware, 2022). Hence, an infrastructurally equipped public healthcare system is
essential. This is more so in the cities of the country where there are large numbers of urban poor. Mumbai,
the most populated metropolis of India, is also home to Asia’s largest slum—the Dharavi. Thus, an analysis
of its public healthcare facilities makes Mumbai a perfect study area, considering that more than half of its
population lives in the slums. Moreover, the deadly spread of COVID-19 in Mumbai exposed the severe
vulnerability of its healthcare infrastructure and facilities, along with its most vulnerable urban poor and
slum dwellers, to health emergencies (Bhattacharjee, 2023; Bhattacharjee and Sattar, 2021). Therefore,
gaining an understanding of the spatial distribution of public healthcare facilities across the wards of
Greater Mumbai becomes extremely important, so that it can serve as a basis for future programme
interventions. Understanding the complex interplay between disparities in public healthcare facilities and
urban policy is paramount for developing effective strategies to promote health equity and social justice.
This forms the motivation for this study. Thus, the research questions addressed in this paper include: (1)



3 Public healthcare and population: Greater Mumbai 5

How are the public healthcare facilities and population distributed across the wards of Greater Mumbai?
(2) What types of spatial relationships exist between the population and public healthcare facilities in
Greater Mumbai? (3) What types of policy interventions can help Greater Mumbai address the disparities
in its public healthcare facilities in relation to the population of the wards?

2. METHODOLOGY
2.1. Study Area

This research focuses on the 24 wards of Greater Mumbai (Fig. 1), also known as Mumbai or
Brihan Mumbai. Greater Mumbai comprises Mumbai City District as well as the Mumbai Suburban
District and is administered by the Municipal Corporation of Greater Mumbai (MCGM). The MCGM
comprises of 24 wards, namely A Ward (Colaba), B Ward (Sandhurst Road), C Ward (Marine Lines),
D Ward (Grant Road), E Ward (Byculla), F/S Ward (Parel), F/N Ward (Matunga), G/N Ward
(Dadar/Plaza) and G/S Ward (Elphinstone), H/'W Ward (Bandra), H/E Ward (Khar/Santacruz), K/E
Ward (Andheri East), K/W Ward (Andheri West), P/S Ward (Goregaon), P/N Ward (Malad), R/S Ward
(Kandivali), R/C Ward (Borivali), R/N Ward (Dabhisar), L Ward (Kurla), M/E Ward (Chembur), M/W
Ward (Chembur West), N Ward (Ghatkopar), S Ward (Bhandup), and T Ward (Mulund) (Census of
India, 2011a). The wards comprise the lowest scale of geography for which most data used in this
analysis is accessible from the Census and other public resources.
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Fig. 1 — Study Area: Greater Mumbai.
Source: Prepared by authors.
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2.2. Data Sources and Methods

The data for this study are derived from the Open City — Urban Data Portal and the Census of India
(OpenCity — Urban Data Portal, 2024). The available information comprises ward-scale variables such as
numbers of municipal maternity hospitals (MMH), municipal dispensaries (MD), municipal health posts
(MHP), medical colleges and hospitals (MC&H), specialty hospitals (SH), and peripheral hospitals (PH).

e MMH — These are hospitals run by the MCGM to primarily provide specialized care for

pregnant women and newborns.

e MD — These primary-level outpatient facilities provide basic curative, preventive, and

promotive healthcare services.

e MHP — These are community-level healthcare units focusing on providing preventive and

promotive care in the densely populated areas, like slums.

o MC&H — These are tertiary-level hospitals focusing on providing medical education, along with

the provision of specialized care and advanced diagnostic services.

o SH - These are hospitals that provide specialized care for diseases such as tuberculosis, leprosy,

for ophthalmological issues, and infectious diseases.

o PH — These are secondary-level hospitals meant for taking the pressure off of central tertiary

hospitals by offering general inpatient and outpatient services.

In addition, data from the Census of India is used to project the ward-wise population to derive the
recent estimates for 2021 (Census of India, 2011a, 2011b, 2001a, 2001b). Since the Census of 2021 has
not been conducted, a population estimation method was applied. All the data were compiled ward-wise
for analysis and were subsequently used in various methods, including choropleth mapping, the linear
growth model, the Bivariate Moran’s I, and Geographically Weighted Regression (GWR) to examine
emerging patterns.

Choropleth map

A choropleth map is a thematic mapping method that uses shading or colour gradients within
predetermined areas (i.e., countries, states, districts, or wards) to show spatial differences between
values. Choropleth maps are most useful for mapping ratios, or standardized values, such as population
density, literacy, or rainfall per square kilometre. The colour intensity relates to the size of the variable,
and therefore patterns between areas can be interpreted quickly.

Linear growth model

The unavailability of the latest population data is combated by projecting the population of the
wards of Greater Mumbeai for 2021 using the population data available from the previous censuses, i.e.,
the Census of 2001 and Census of 2011 (Table 1), using the linear growth model equation (1). Even
though the linear growth model estimation may pose some limitations, since population growth can be
a manifestation of the nexus of numerous economic, political, and social policies, this is, nevertheless,
our best approach towards understanding the healthcare crises and facilities at the chosen scale of
geography for the most recent timeframe.

Table 1
Population of Greater Mumbai (2001 and 2011)

Wards Population 2001 Population 2011
A 210,847 185,014
B 140,633 127,290
C 202,922 166,161
D 382,841 346,866
E 440,335 393,286
F/S 396,122 360,972
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Table I (continued)

G/S 457,931 377,749
F/N 524,393 529,034
G/N 582,007 599,039
N 619,556 622,853
R/C 513,077 562,162
S 691,227 743,783
T 330,195 341,463
K/W 700,680 748,688
R/N 363,827 431,368
M/E 674,850 807,720
M/W 414,050 411,893
H/E 580,835 557,239
K/E 810,002 823,885
P/S 437,849 463,507
P/N 798,775 941,366
R/S 589,887 691,229
H/W 337,391 307,581
L 778,218 902,225

Source: The population of Greater Mumbai in 2001 and 2011 is derived from
the Census data (Census of India 2011a, 2011b, 2001a, 2001b)

The linear growth model is given as:
Pt—Po

) (1)

&~

Where,
Po and Pt are the known populations at times 0 and ¢, respectively, with a time duration between
t years, and 7 is the linear growth rate.

The population at time x(Px) can be interpolated (if x<t) and extrapolated (if x>7) as follows:
Px = Po(1+ rx) 2)

Where,
Px is the population of any area at time x, Po is the population of any area at time o, r is the rate
of growth of population per year during (0, x), and x is the time between o and x in the year.

Bivariate Moran’s 1

Bivariate Moran’s | was used to estimate the spatial correlation between the existence of public
healthcare facilities and the population size of the wards. Spatial autocorrelation measures the degree to
which point data are similar or dissimilar to their spatial neighbours. The Pearson coefficient measure
of spatial autocorrelation is Moran’s I, which is given by:

LWijZiZj
Moran'sl = C X +—— 3)
¥

Where,

Zi is the standardized variable of interest at places i and ;.

Wij is the weight matrix, and

C is the ratio of total spatial units and the sum of all spatial weights.

The value of Moran’s I ranges from —1 to +1. The value of “0” represents a random spatial pattern,
whereas a positive Moran’s I indicates geographic clustering and spatial autocorrelation, and vice versa.
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Geographically Weighted Regression

GWR s a spatial analysis that models the relationship while taking into account the geographic
variations. While an ordinary regression holds one set of relationships across different locations, GWR
enables those relationships to differ across locations as it performs a local regression at each point, so
that the observations that are closer to it have more weight than the ones farther from it. This makes
GWR very effective for the study of spatial heterogeneity, where predictors can have different impacts
on outcomes at different regional levels. The GWR model can be represented as follows:

Vi = Bo(ui, vy) + Lk=1Br (Wi, vi) xii +€; 4

Where,

y; s the observed value of the dependent variable at a specific location; (u;, v;) is the geographic
location of the ith sample space; fo (ui, vi) is the constant term of the ith sample statistical regression;
B (ui, v;)) is the estimated coefficient of the k#/ factor in the ith sample space; xi is the k™ variable in the
i sample space; ¢; is the error term of the model.

All these analyses were carried out in SPSS 26, ArcMap 10.8, and GeoDa 1.2.

3. ANALYSIS AND FINDINGS
3.1. Distribution of Healthcare Facilities

The sample distribution (Table 2) reveals the ward-wise distribution of healthcare facilities and
population in Greater Mumbai, giving an idea of the provision of municipal healthcare facilities across
Greater Mumbai, divided into 24 wards. Most of these wards feature 1-3 MMHs, and 25% have none.
Only 4.2% of wards have more than 3. MDs are more evenly distributed. For this category, 54.2% of
wards have 6 to 10 MDs, and 33.3% have 1 to 5. The same goes for MHPs. They are concentrated in
the 6-to-10 range for 58.3% of wards. This analysis also reveals that 83.3% of the total number of wards
do not possess MC&Hs, whereas 16.7% have 1-2. SPs exist only in 25% of the wards. The PHs are
relatively evenly divided, with half of the wards having 1 to 2 adjacent wards. In terms of population,
37.5% of wards fall within the 350,001 to 650,000 range, followed by 33.3% with up to 350,000 people.
The rest of the wards are less congested due to only 8.3% having above 950,000 residents.

Table 2

Sample Distribution

Municipal Maternity Homes Frequency Percentage
0 6 25.0
1to3 17 70.8
Above 3 1 4.2
Total 24 100
Municipal Dispensaries Frequency Percentage
l1to5 8 333
6to 10 13 54.2
11 and above 3 12.5
Total 24 100
Municipal Health Posts Frequency Percentage
1to5 5 20.8
6to 10 14 58.3
11 and above 5 20.8
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Table 2 (continued)

Total 24 100
Medical Colleges and Hospitals Frequency Percentage

0 20 83.3

1to2 4 16.7

Total 24 100
Specialty Hospitals Frequency Percentage

0 18 75.0

1 6 25.0

Total 24 100
Peripheral Hospitals Frequency Percentage

0 12.0 50.0

1to2 12.0 50.0

Total 24 100
Population 2024 Frequency Percentage

Up to 350,000 8.0 333

350,001 to 650,000 9.0 37.5

650,001 to 950,000 5.0 20.8

950,001 and above 2.0 8.3

Total 24 100

Source: Computed using data from Open City — Urban Data Portal and the Census of India.

3.2. Distribution of Public Healthcare Facilities and Population

The spatial distribution of public healthcare facilities in the wards of Greater Mumbai in 2024 is
displayed in Figure 2a, and the ward-based projected population in 2021 is illustrated in Figure 2b. As
illustrated in Figure 2a, the highest number of public healthcare facilities (above 30) is in the L ward.
The second highest number of public healthcare facilities (25 to 30) is in three wards, namely, P/N, S,
and K/W wards. The third highest number of public healthcare facilities (20 to 25) is in four wards,
namely, R/C, N, M/E, and G/S. The fourth highest number of public healthcare facilities (16 to 20) is in
seven wards, namely, E, F/S, F/N, G/N, H/E, K/W, and R/S. The fifth-highest number of public
healthcare facilities (11 to 16) is in five wards, namely, T, P/S, H/'W, M/W, and D. The lowest number
of healthcare facilities (under 11) is in four wards, namely, A, B, C, and R/N.

As illustrated in Figure 2b, the highest number of people, with more than 940,950 persons in each
of the three wards, are found in P/N, L, and M/E wards. A population of 792,571 to 940,950 is in four
wards, namely, S, R/S, K/W, and K/E. Three wards (R/C, N, and G/N) have a population size ranging
between 611,247 to 792,571 persons. A population of 489,165 to 611,247 persons is in 4 wards, namely,
R/S, P/S, H/E, and F/N. The other 7 wards (T, H/W, M/W, G/S, F/S, D, and E) are home to a population
between 277,771 to 489,165. Three wards, namely A, B, and C, are the least populated, with a population
under 277,771 persons each.

3.3. Spatial Association between Population and Individual Public Healthcare Facilities

The spatial association between population and individual public healthcare facilities is revealed
through the computation of the Bivariate Local Moran’s I, as depicted in Figures 3, 4, 5, 6, 7, and 8.
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Fig. 2a — Ward-wise Distribution of Different Healthcare Facilities in Greater Mumbai, 2024, and
Fig. 2b — Ward-wise Distribution of Projected Population in Greater Mumbai, 2021%*.
*Source: The population for the year 2021 is projected from the 2001 and 2011 census data, using the linear growth model.

The LISA cluster map depicted in Figure 3a shows low MMHs and low population in 5 wards (A,
B, C, D, and E), as well as low MMHSs and high population in 4 wards (T, P/S, N, and M/W). The LISA
significance map in Figure 3b shows the wards with significant Local Moran’s [ statistics for various p-
values. Here, significant associations at 0.05, 0.01, and 0.001 significance levels are depicted in 5 (T,
P/S, N, M/W, and D), 2 (E and A), and 2 (C and B) wards, respectively. Moran’s I value for the spatial

association of population and MMHs is 0.301 in Figure 3c.
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Fig. 3 — Bivariate Local Moran’s I: (a) Cluster Map, and (b) Significance Map, showing the spatial relation between
Municipal Maternity Homes (MMH) and the population.
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The LISA cluster map in Figure 4a depicts high MDs and high population in 1 ward (N), low MDs
and low population in 4 wards (A, B, C, and D), low MDs and high population in 3 wards (T, P/S, and
M/W), and high MDs and low population in 1 ward (E ward). Similar to Figure 3b, the significant
associations here can be observed at 0.05, 0.01, and 0.001 significance levels in 5 (T, P/S, N, M/W, and D),
2 (E and A), and 2 (C and B) wards, respectively (Fig. 4b). Moran’s I value for the spatial association
of population and MDs is observed to be -0.101 in Figure 4c, thus indicating negative spatial

autocorrelation.
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Fig. 4 — Bivariate Local Moran’s I: (a) Cluster Map, and (b) Significance Map, showing the spatial relation
between Municipal Dispensaries (MD) and population.

The LISA cluster map depicted in Figure 5a shows low MHPs and low population in 5 wards (A,
B, C, D, and E), as well as low MHPs and high population in 3 wards (T, P/S, N, and M/W). The LISA
significance map in Figure 5b shows patterns similar to those in Figure 3b and Figure 4b. Moran’s I
value for the spatial association of population and MMHs is 0.448 (Fig. 5c¢).
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Fig. 5 — Bivariate Local Moran’s I: (a) Cluster Map, and (b) Significance Map, showing the spatial relation between
Municipal Health Posts (MHP) and population
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In the context of population and PH (Fig. 6a), population and MC&H (Fig. 7a), and population
and SH (Fig. 8a), no spatial associations are detected. Accordingly, we see no spatial patterns in Figure
6b, Figure 7b, and Figure 8b. However, Moran’s I value for the spatial association of population and PH
(Fig. 6¢), population and MC&H (Fig. 7¢), and population and SH (Fig. 8c) are seen to be -0.031, 0.025,

and 0.072, respectively.
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Fig. 6 — Bivariate Local Moran’s I: (a) Cluster Map, and (b) Significance Map, showing the spatial relation
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Fig. 7 — Bivariate Local Moran’s I: (a) Cluster Map, and (b) Significance Map, showing the spatial relation
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Fig. 8 — Bivariate Local Moran’s I: (a) Cluster Map, and (b) Significance Map, showing the spatial relation
between Specialty Hospitals (SH) and the population.

3.4. Spatial Association between Population and Overall Public Healthcare Facilities

The GWR model reveals the spatial association between population and overall public healthcare
facilities in Greater Mumbai. With a bandwidth of 21,805, the model accounts for spatial variation over
arelatively large area, and the effective number of 3.39 suggests moderate complexity in capturing local
variations (Table 3). The residual sum of squares (279.26) and standard deviation (sigma) of 3.68
indicate a reasonable fit between the model’s predictions and the actual data. The model explains 68.2%
of the variance in public healthcare facilities (R?), while the adjusted R? of 64.5% provides a more
conservative estimate. The low AICc value (136.56) further supports the model’s quality, balancing fit
and complexity effectively.

Table 3
Geographically Weighted Regression Output
NAME VALUE DEFINITION
Bandwidth 21805.63541
Residual Squares 279.262181
Effective Number 3.394301
Sigma 3.681395
AICc 136.55647
R? 0.682115
R?Adjusted 0.645178
Dependent Field 0 Public Healthcare Facilities
Explanatory Field 1 2021 Population

The GWR values derived for the different wards indicate the strength and direction of spatial
association between the population and overall public healthcare facilities within Greater Mumbai (Fig. 9).
This analysis reveals that none of the wards belonged to categories with Std. Dev. ranges above or below
-2.5. In other words, there does not seem to be a very weak (negative) or a very strong (positive)
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association between the population and public healthcare facilities within the wards. The R/N ward
within a Std. Dev. ranges of -2.5 to -1.5 depict a moderately weak negative association. In addition to
this, a string of wards, such as R/S, P/S, K/W, M/E, A, B, and D, fall under the -1.5 to -0.5 Std. Dev.
category, indicating a weaker-than-average association as compared to the R/N ward. Moreover, the T,
P/N, H/'W, H/E, M/W, G/N, F/N, and C wards fall between -0.5 and 1.5 Std. Dev., indicating an average
or moderate association. Besides, ward G/S, which falls between 1.5 and 2.5 Std. Dev., shows a stronger-
than-average positive association.

Legend

Geographically Weighted Regression
StdResid

B < 25 Std. Dev.

B -25- 1.5 Sd. Dev.
[]-1.5--0.55td. Dev.

[ ]-05-0.55td. Dev.

[ 05-1.55td. Dev.

I 15-2.5 Sud. Dev.

B > 25 5ud. Dev.

Fig. 9 — Using geographically weighted regression analysis to cluster Public Healthcare Facilities
as predicted by the Population in Greater Mumbai.

4. DISCUSSION

This study examines the disparities in the location of public healthcare facilities in the wards of
Greater Mumbai based on the empirical evidence derived from its spatial analysis. Using data from the
Open City — Urban Data Portal and the Census of India, these analyses reveal a varied distribution of
population and public healthcare facilities across the 24 wards of Greater Mumbai. The most populated
wards of Greater Mumbai are P/N, L, and M/E, while the least populated are the A, B, and C wards.
Regarding the distribution of the different types of public healthcare facilities, we find that the wards
R/C, S, K/E, and P/N have the highest number of MMH, whereas A, B, D, and E wards have no MMH.
Most of the wards have a good number of MDs, with L, G/S, and E wards topping the list. Most MHPs
are in the S, P/N, and M/E wards. MC&H, SP, and PH are located only in a limited number of wards.
In other words, there is a significant disparity in the distribution of population and public healthcare
facilities across the wards of Greater Mumbai, with the most populated wards often lacking sufficient
public healthcare facilities, and the concentration of specialized facilities being limited to a few wards
only. Such uneven distribution of Greater Mumbai’s public healthcare facilities and population can be
plausibly attributed to a variety of reasons, such as rapid urbanization (Yu et al., 2021), uneven
population growth (Echanove and Srivastava, 2023), and socio-economic inequalities and inefficient
urban planning (Kidokoro et al., 2022). Such unequal distribution is a common characteristic associated
with the cities of the global south (Heinze, 2020).
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The spatial association between population and public healthcare facilities in Greater Mumbai
reveals distinct patterns for different types of healthcare facilities. Significant spatial clusterings are
observed for MMHs, MDs, and MHPs with several populous wards where low numbers of these facilities
indicate an inequality between the population and these healthcare services. In the case of MDs, we observe
a slightly negative correlation, once more suggesting the occurrence of spatial inequities. The most likely
reason behind this could be associated with socio-economic factors and the historical pattern of urban
development in Greater Mumbai. This scenario is comparatively better in the southernmost wards, which
comprise the city core of Greater Mumbai, with development being oriented in this area since the colonial
era (Mhaske and Rajani, 2022). Later, with the growth of transport connectivity, transit-oriented
development started taking place from the southern half upwards (Nijman and Shin, 2014).

In addition, the north-to-south elongation of the island city and the narrow and clogged causeway
connecting the islands to the northern part of Mumbai are major pressure points with the regular
movement of inbound transportation (Pacione, 2006). On the other hand, PHs, MC&H, and SH have no
significant spatial patterns and are distributed randomly with respect to the population. The random
distribution of these healthcare facilities indicates the lack of systematic planning for these services
based on the needs of the population, as well as the lack of people’s participation in the planning process
(Bhattarai, 2020; Iyer, 2023; Sinha and Shekhar, 2017). Nonetheless, such inequitable distribution of
different healthcare facilities in relation to the population of the wards of Greater Mumbai translates into
‘a story of the complex urban dynamics of the city’ (Dabra and Kumar, 2023). In this context, this
demonstrates the issues the provision of equitable healthcare services is confronted with in a rapidly
expanding and unevenly developed city of Mumbai.

Further observations carried out on the spatial patterns of these healthcare facilities by taking their
overall occurrence in the wards of Greater Mumbai in relation to the population reveal more interesting
patterns. In this case, we do not observe an extremely weak or negative association between population
and overall public healthcare facilities in any of the wards. We also find that the size of the population
in the R/N ward does not significantly correspond to the number of overall public healthcare facilities,
pointing towards an underserved population. The R/S, P/S, K/W, M/E, A, B, and D wards exhibit
weaker-than-average associations; however, these associations are less negative than in the R/N ward.
In T, P/N, H/W, H/E, M/W, G/N, F/N, and C wards, the distribution of population and overall public
healthcare facilities is in alignment, suggesting a balanced relationship. In the G/S ward, population and
overall public healthcare facilities are very strongly linked, suggesting a better responsiveness of the
healthcare infrastructure to population demands. However, none of the wards exhibit very strong
positive associations between population and public healthcare facilities. Most wards exhibit average or
below-average relationships, with only G/S being considerably strong, which implicates the possible
use of improving healthcare facility distribution in many of the other wards. This provides evidence of
the existing imbalance, which has given rise to spatial disparities that pose a significant challenge to
urban growth, something that was also noted by a group of researchers in their recent research on a
Chinese city (Xu et al., 2022).

The associations found in this study corroborate some previous studies, which have emphasized
similar dimensions of population and healthcare facilities in other areas (Apatu et al., 2019; Qiu et al.,
2023). The disparities existing between the population and public healthcare facilities in Greater Mumbai
are a huge cause for concern that require immediate attention. Minimizing disparities in healthcare access
is a key objective in healthcare services and is crucial for improving national health (Sritart et al., 2021).
Accordingly, it is of critical importance that the governance of Mumbai examine the deficiency of
healthcare facilities in some of its most populated and risky urban wards that are severely deprived of basic
human needs. These discussions bring out the association between disparities in public healthcare facilities
and the population in Greater Mumbai at ward level. Taking these disparities into account while making
programme interventions would enable fulfilling the ward-wise requirements of healthcare facilities,
thereby equipping Greater Mumbai with equitable healthcare facilities.
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5. LIMITATIONS OF THIS STUDY

The spatial analysis indicates substantial disparities in the distribution of healthcare facilities in
Mumbai. However, we could not interpret the findings more meaningfully, given the lack of ward-level
socio-economic data on income, assets, housing, independent or dependent education, and health-
seeking behaviours, etc. In the absence of socio-economic indicators, we cannot determine whether and
to what extent facilities are sited according to community need, or reproduce inequities. Future research
could build this dimension of socio-economic indicators into understanding health demand, service
supply (i.e., healthcare facilities), and urban inequality. The study also grapples with the dearth of
comprehensive data on various important aspects of public healthcare facilities in Greater Mumbai. Data
on vital factors such as hospital beds, equipment, and workforce, among others, remain conspicuously
absent from the dataset utilized for this study. As such, this study had to be carried out only with the
available data/variables on public healthcare facilities. In addition, this study also suffers from the lack
of up-to-date population data for the year 2021 based on the Census of India. To navigate this issue, we
had to use projected data on the ward-wise population of Greater Mumbai, and we believe that, although
not perfect, this study has still accomplished a great deal in identifying the wards with severe healthcare
crises and underserved population, and we hope our study can be used for good planning purposes.

6. CONCLUSION AND POLICY RECOMMENDATIONS

Our research reveals the existence of disparities in the allocation of public healthcare facilities in
relation to the population of the wards of Greater Mumbai. Spatial analysis shows that heavily populated
wards are frequently bereft of sufficient public healthcare facilities, and that specialized services are
dispersed across a few select wards, thereby perpetuating existing inequalities. Some wards are better
aligned with population size and healthcare facility distribution than others, which creates quite a
heterogeneity in the city regarding the extent to which healthcare-sized gaps are being filled. These
findings highlight the need for targeted ward-level health planning with an emphasis on the more
populated areas. Findings from this study call for policy attention and intervention in addressing such gaps
to the point that accessing quality healthcare by all citizens is vital for sustainable urban development.

It is commonly agreed upon that the maximization and achievement of equity of access to
healthcare services must be an integral component of healthcare policies (Peters et al., 2008; Schuller et
al., 2019; Sekhri et al., 2011). In other words, coverage of healthcare is an important aspect of public
healthcare policies (Singh and Guite 2023). Formulating such policies by considering the disparities
existing in Greater Mumbai could be of great help in equipping the public healthcare system of the city.
Hence, we recommend the following policy interventions that could equip the wards of Greater Mumbai
with better and more equitable public healthcare facilities:

1) Healthcare authorities could prioritize the allocation of resources based on the identified spatial
disparities. This includes ensuring that wards with higher population densities and fewer
healthcare facilities receive adequate attention and resources to bridge the gap.

2) Wards such as T, P/S, and M/W, which have both few public healthcare facilities, despite
having a high population, require targeted intervention. Initiatives such as establishing new
healthcare centres or upgrading existing ones will improve accessibility and quality of
healthcare services in these areas.

3) Efforts should be directed towards addressing the lack of concentration of public healthcare
facilities in certain wards. The redistribution of resources is necessary to ensure a more
equitable distribution across all wards for providing equal access to healthcare services
throughout Greater Mumbeai. In addition, while making infrastructural allotment, it is important
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to emphasize the wards having a greater number of urban poor so that their access to healthcare
becomes easy, as well as are not constrained by economic limitations.

4) Special attention should be granted to vulnerable communities living in areas with slums, which
experience high population density and inadequate healthcare facilities. Targeted interventions,
such as mobile health clinics or community health centres, can be implemented to improve access
to healthcare services in these densely populated areas, thereby improving their quality of life.

5) Continued monitoring and analysis of spatial data regarding population distribution and
healthcare facility locations are crucial for making informed decisions. Regular updates and
assessments should be conducted to track progress and identify any emerging disparities that
may require intervention.

6) Addressing the disparities in public healthcare facilities requires collaboration among various
stakeholders, including government agencies, healthcare providers, community organizations,
and residents. Collaborative efforts can lead to more effective planning, resource allocation,
and implementation of interventions aimed at improving healthcare access and outcomes
across all wards of Greater Mumbai.

7) The above intervention also requires timely updating and transparency in the facilities’
resources. The fact that there is no data on some of the most important resources in such care
facilities (like hospital beds, equipment, workforce, etc.), that it is missing or not readily
available, makes things very difficult for care providers as well as the population being served.

8) While immediate interventions are necessary to address pressing disparities, long-term planning
is essential to ensure sustainable improvements in healthcare access and quality. Strategic
planning should consider future population growth, urban development trends, and evolving
healthcare needs to build resilient and equitable healthcare systems in Greater Mumbai.

Finally, taking care of these disparities through proper policy intervention may prove to be a
lifeline for building urban sustainability by bringing the city closer to the achievement of SDG No. 3
(Good Health and Well-being), SDG No. 10 (Reduced Inequalities), and SDG No. 11 (Sustainable Cities
and Communities). It would improve the quality of life of the impoverished sections, which can enable
them to become productive national citizens. Such programmes will also support the city in dealing with
future epidemics and pandemics by making it better equipped to handle such situations. Overall, these
steps can help attain the various goals of the SDG.
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