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Abstract This research aims to identify the acces-
sibility of the entire population, especially the slum
population to existing healthcare facilities (HCF)
as well as the slum neighborhoods having low geo-
graphic accessibility, and finally, to provide an ana-
lytical model for the people living in areas that are
outside the coverage range of existing healthcare
facilities (HCF) across the study area. Spatial data has
been collected and used based on the road network,
elevation, location of HCF, municipal boundary,
slum point, and satellite images from various sources.
Also, non-spatial data such as socioeconomic vari-
ables are collected from questionnaires survey within
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a particular period. The spatial analysis tool like as
near, network analysis, and predictive analysis in the
ArcGIS platform was used to examine geographic
accessibility. The results of the spatial analysis show
that the distribution of public healthcare facility cent-
ers in the study area has not been uniformly distrib-
uted. Across 84% of areas in the study area have
sound spatial accessibility with traveling time cover-
age is about 12 min. However, 16% of areas have a
traveling time of 12 to 30 min under low accessibility
with existing slum neighborhoods. Therefore, the low
spatial accessibility areas are demanding new health-
care facilities in the study area. The Analytical Hier-
archy Process (AHP) is employed to find the most
optimal and efficient locational suitability for build-
ing new healthcare facility centers. The finding of
AHP analysis for site suitability of healthcare facili-
ties revealed five major classes as most suitable (2%),
suitable (5%), moderate (35%), poor (54%), and very
poor (4%) in the study area. Moreover, the realistic
framework of this study helps to measure geographic
accessibility and suitability in any geographical area.

Keywords Geographic accessibility - Network
analysis - Healthcare facility (HCF) - Predictive
analysis - Analytical hierarchy process (AHP) -
Midnapore municipality
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Introduction

In the developing countries, geographic access to
healthcare facilities is one of the key challenges in
ensuring healthy lives and promoting wellbeing for
all at all ages in achieving the 3rd sustainable devel-
opment goal due to distance to facilities, ease of travel
cost and travel time (Reshadat et al., 2018; Shah
et al., 2016; Subal et al., 2021). Geographical or spa-
tial accessibility refers to the physical access of peo-
ple to a location e.g., healthcare facility (El Karim &
Awawdeh, 2020; Kim et al., 2018; McGrail & Hum-
phreys, 2014). Spatial accessibility is the combination
of availability and accessibility dimensions as stated
by Penchansky and Thomas in 1981 can be measured
by a time—space framework such as vehicular travel
time, distance and Euclidean distance is influenced
by the topology and structure of the road network for
identifying deprived areas and people (Lawal & Any-
iam, 2019; Mishra et al., 2021; Shaw & Sahoo, 2020).
Geographic access to healthcare facilities is a multi-
dimensional process and can be described by five key
dimensions: availability, accessibility, accommoda-
tion, affordability, and acceptability, more explicitly
describe as the supply of healthcare services with
physical proximity (travel distance and time) on a
particular geographical location at a reasonable price
concerning the population in need (Liu et al., 2022;
Shaw & Sahoo, 2020; Tao et al., 2020). The location
of healthcare centers near homes can lead to more
recurrent visits resulting in better family health out-
comes (Dos Anjos Luis & Cabral, 2016; Parry et al.,
2018; Vadrevu & Kanjilal, 2016).

‘Health for all’ doctrine indicates that everyone
should have access to appropriate healthcare facilities
in a time—space framework, acceptable and afford-
able way (Lawal & Anyiam, 2019; Basu et al., 2018).
Affordable and accessible healthcare can reduce
potential health risk and the rate of hospitalization.
Dependency and a higher rate of admissions to hos-
pitals in an area may provide evidence of the inacces-
sibility of people to primary healthcare centers (Shah
et al., 2016; Shaw & Sahoo, 2020; Shen et al., 2020).
The steady expansion of urban areas with population
growth requires regular assessment of the accessibil-
ity of healthcare facilities across urban areas (Dutta
et al., 2021b; Yin et al., 2018) because limited access
to facilities (Lawal & Anyiam, 2019) may cause an
epidemic outburst such as Covid-19 virus.
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In developing countries, locations of primary
healthcare are generally decided by local govern-
ment officers often made on political or pragmatic
considerations, and as a result, far from optimal
locations (Karim & Awawdeh, 2020; Sedenu et al.,
2016). There is a close relationship between infant
as well as maternal mortality and distance to health-
care facilities as PHCs act as the distributor of polio
and another major vaccine for infants and pregnant
women (Rahman and Smith, 2000). Lack of accessi-
bility to healthcare facility as the result of low public
investment in health sectors encourage entrepreneur
of private healthcare facility forcing people to access
these facilities, which often lead to higher healthcare
expenditures, health shocks and medical poverty trap
(Basu et al., 2018; Shi et al., 2022). Private facili-
ties do not provide affordable healthcare facilities
to economically weaker sections and lower-income
deprived groups (Basu et al., 2018). Therefore, the
allocation of public healthcare facilities should be
based on accessibility and affordability gaps as per
guidelines of the National Health Policy (NHP)- 2002
(Basu et al., 2018) and the National Urban Health
Mission (NUHM)- 2013 as to develop smart and
healthy city as well as providing affordable and essen-
tial primary health care services to the urban poor so
that needs of the healthcare are met (Abdelkarim,
2019; Abdullahi & Pradhan, 2012).

The steady population growth with resulting
urbanization is high in an established small town than
in metropolitan or million-plus cities (Alabi, 2011;
Lawal & Anyiam, 2019). Slums are now developed
in small towns than in metropolitan cities due to in-
migration from surrounding rural counterparts into
the vacant or unprivileged areas in the town. The hap-
hazard development of slums and low-income com-
munities in the study area demanded accessible and
affordable healthcare services. But the earlier study
(Dutta et al., 2021b) shows that the healthcare facil-
ity centers have not been properly distributed. As per
the NFHS-5 report (2019-20), antenatal care visits
and maternal care are much lower in the Paschim
Medinipur district in West Bengal. The study area of
Midnapore municipality is the eyes of the Paschim
Medinipur district. Only the tertiary categories of
healthcare services are available where most of the
specialized doctors and facilities attracted huge peo-
ple from rural and slum areas. The rapid expansion
of the small town justifies the rational evaluation of
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the spatial distribution pattern of the existing health-
care center with the accessibility to people and to find
the accessibility gap by establishing a new healthcare
center. In this regard, the spatial accessibility model
(SAM) is a useful geospatial analytical technique that
incorporated geospatial models with GIS, GPS, and
remote sensing algorithms to determine the best loca-
tion for a healthcare facility in the urban area. The
hypothesis was whether there is a significant differ-
ence between accessibility and location of existing
healthcare facility centers or adequate for providing
effective healthcare services. Based on the selected
hypothesis, a set of objectives were chosen for the
present study (1) Identify the deprived slum neigh-
borhoods from the existing healthcare facilities (2)
Propose a suitable site for new healthcare facilities
that covering deprived slum neighborhoods.

Literature review

Using various methodological options of geographic
information systems (GIS), researchers can easily
measure geographic accessibility (Shaw & Sahoo,
2020; Zhang et al., 2021). Despite medical facilities
as well as economic development, mortality rates are
still high due to low geographic accessibility in India
(Gao et al., 2021; Huerta Munoz & Killestél, 2012;
Lawal & Anyiam, 2019; Mansour, 2016; Shaw &
Sahoo, 2020; Shaw & Sahoo, 2020; Waithaka, 2015).
Many studies have focused on areas of geographic
inaccessibility (Lawal & Anyiam, 2019; Wieleb-
ski & Medyriska-gulij, 2018), hospitals and doctor
shortages, mortality risk, etc. (Shaw & Sahoo, 2020).
Numerous studies have tried to show that healthcare
facilities and services are inequitably distributed
to meet the needs of the people (Ajala et al., 2017;
Lawal & Anyiam, 2019; Kim et al., 2018; Bauer
et al., 2020; Gao et al., 2021; Rekha et al., 2020; Shen
et al., 2020; Shi et al., 2022; Song et al., 2018; Subal
et al., 2021; Zhang et al., 2021). These studies also
shows that every person has an equal chance of being
able to access healthcare services. Through infor-
mation about the demand (Polo et al., 2015; Rekha
et al., 2017; Sedenu et al., 2016; Shah et al., 2016)
for healthcare services and the availability of these
services, urban authority can improve their healthcare
infrastructure and reduce healthcare inequalities (Kim
et al.,, 2018; Lawal & Anyiam, 2019; Abdelkarim,

2019; Basu et al., 2018; Bauer et al., 2020; Dutta
et al., 2021b; El Karim & Awawdeh, 2020; Gao et al.,
2021; Maleki Rastaghi et al., 2018; Mig et al., 2019;
Mishra et al., 2021; Parry et al., 2018; Rekha et al.,
2017; Shah et al., 2016; Shen et al., 2020; Shi et al.,
2022; Song et al., 2018; Subal et al., 2021; Vadrevu
& Kanjilal, 2016; Zhang et al., 2021; Zhang et al.,
2016). By increasing healthcare facilities and ser-
vices, poor people are more facilitating socially is
expected to improve their quality of life (Moisi et al.,
2010; Albert & Assad, 2019; Dutta et al., 2021a, b;
McGrail & Humphreys, 2014). For achieving sus-
tainable development goals, the government health-
care policies need to be more generalized to pro-
mote health status and socioeconomic development
because healthcare facilities and services are uneven
due to socioeconomic conditions from the grass-
root level in developing countries (Mansour, 2016).
Developing countries should improve their healthcare
services (Asare-akuffo et al., 2019; Hosseini et al.,
2021; Mig et al., 2019; Mishra et al., 2021; Shaw &
Sahoo, 2020) due to very high population with low
GDP, limited and uneven distribution of healthcare
facilities (HCF), and infrastructure also, especially in
India (Assad, 2019). Due to the rapid growth of urban
and suburban areas through continuous migration,
demand for healthcare facilities (HCF) is increas-
ing simultaneously (Al-Taiar et al., 2010; Delamater
et al., 2012; Lawal & Anyiam, 2019; Maleki Rastaghi
et al., 2018; Shah et al., 2016; Waithaka, 2015; W.
Zhang et al., 2016) and for that reason raise the build-
ing of new healthcare facilities (HCF) is considered
as one of the most important steps to easily accessi-
ble, proficient, and the affordable healthcare system
by poor people to achieving the Millennium Develop-
ment Goals of every government (Lawal & Anyiam,
2019; Ajala et al., 2017). On 1st May 2013, the Indian
government launched the National Urban Health
Mission (NUHM) covering all cities and towns with
a population of 50,000 and above (according to the
2011 census), which is focused on providing primary
healthcare services to the urban poor mainly slum
dwellers (Dutta et al., 2021b). India’s healthcare
system is composed of primary, secondary, and ter-
tiary public healthcare facilities. Despite healthcare
facilities and services, during health shocks i.e., acute
abdominal conditions, accidents especially in surgi-
cal conditions have not been available in primary and
most of the time in secondary healthcare facilities.
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As a result, they are forced for travelling to tertiary
healthcare facilities, and then mortality risk will be
increased at a considerable level (Kim et al., 2018;
Mig¢ et al.,, 2019). To ensure public health facili-
ties, the local government should also be involved
in the design, rational allocation, and construction
of healthcare infrastructures with the compliance of
national and state health policies (Moisi et al., 2010).
The rapid growth of cities and towns in India has
raised concerns in the healthcare system regarding
the distribution of healthcare services to the grow-
ing population (Lawal & Anyiam, 2019; Danjuma,
2015). Aside from this, the lack of proper education,
human resources, and awareness, maintaining health-
care facilities by continuing financial support are also
important factors that affect the efficient healthcare
system (Danjuma, 2015; Mohammadi et al., 2018;
Rekha et al., 2017; Zhang et al., 2016). Moreover, the
government needs to plan for the developing infra-
structures of existing healthcare facilities and set up
new healthcare facilities which have not been planned
in the last few years. For instances, the healthcare
system was collapsed during the times of the COVID-
19 pandemic (Kang et al., 2020; Liu et al., 2022).
Therefore, the proper allocation of healthcare facili-
ties within a proper location is an important aspect of
the rational distribution of healthcare services. In this
regard, geospatial analysis of healthcare facilities and
services will be more beneficial to the people as well
as urban planners and authorities.

Location of the study area

The Midnapore municipality of Paschim Medinipur
district continues to fulfill responsibilities as a dis-
trict headquarters in West Bengal with long historical
purposes (http://midnaporemunicipality.com; Dutta
et al., 2021b). The study area (Fig. 1) is located on the
southwestern part of Paschim Medinipur and the lat-
erite track of the Kasai River bank with slight rough-
ness varies in elevation ranges from 23 to 60 m from
mean sea level (Dutta et al., 2021b). The Midnapore
municipality contains 25 municipal wards and 156
notified slums with 4 hospitals and 8 primary health-
care facilities (Table 1) (Dutta et al., 2021b; http://
midnaporemunicipality.com). The class-I town, as
well as Midnapore municipality, is a fast-growing city
(Dutta et al., 2021b) having a 1,68,496 population
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(as per the 2011 census) with very high population
density varies 3000-29,000 per km? (ward wise)
(Dutta et al., 2021b). Census of India, 2011, revealed
that the male and female population is 84,977 and
84,287 respectively, while the sex ratio and child sex
ratio are 992 and 985 correspondingly along with
literates persons are 88.99% whereas male literate
92.52% and female literate 85.44%. In addition, the
slum population is 50,943 which is nearly 30.09%
of the total population of the town. The addition of
haphazard land use such as unplanned residential, and
commercial areas, and uneven distribution of gov-
ernmental facilities is a barrier to equal distribution.
Also, due to being the district headquarters, huge
daily migrant people are gathered for taking facilities,
especially health facilities over the district area (Dutta
et al., 2021b) which reduces mobility and accessibil-
ity of vehicles. We targeted the slum neighborhoods
of Midnapore municipality because, in the study
area, public health facilities are more needed for
the urban poor (Dutta et al., 2021a, b). The drivers
for the demand of healthcare facility are due to low
monthly income with multidimensional poverty, low
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Fig. 1 Location Map of the Study Area
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Table 1 Location of HCF SL No Name of the HCF Municipal  Types of HCF
in the Study Area ward

HCF 1 Vidyasagar institute of health 25 Hospital

HCF 2 Saratpally urban primary healthcare 23 PHC

HCF 3 Pathan mohalla urban primary healthcare 13 PHC

HCF 4 Midnapore medical college & hospital 12 Hospital

HCF 5 Indian red cross society 12 Hospital

HCF 6 Midnapore homeopathic medical college 12 Hospital

HCF 7 Saheb pukur sub health centre 14 PHC

HCF 8 Najargunj health post 20 PHC

HCF 9 Ber ballavpur urban primary healthcare 16 PHC

HCF 10 Ramkrishna nagar sub-healthcare 9 PHC
Source: Field survey & HCF 11 Kuikota urban primary healthcare 2 PHC
Midnapore municipality, HCF 12 Udaypally social service center 3 PHC

2022

health facility ratio with accessibility and mobility,
and 52.45% of slum households are sick seasonally
as well as 41.85% visiting foregone medical care for
chronic illness (Authors survey, 2022).

Materials and methods
Data collection and preparation

The required data for the spatial accessibility analy-
sis were collected from different sources. Data and
information on municipal wards, slum neighbour-
hoods, boundaries, population were collected from
Midnapore municipality as a base map (http:/
midnaporemunicipality.com). Coordinates points
of the 12 public healthcare facilities (Table 1) were
collected by using the GPS device. The datasets as
well as collected municipal data and coordinates
points of HCF were digitized and projected to GCS
WGS-1984 coordinate system and forwarded to
create a GIS database. For computing the multidi-
mensional poverty index (MPI), a structured ques-
tionaries survey was conducted from Ist October
to 24th December, 2019 over the notified 156 slum
areas using simple random sampling. The network
datasets of the study area were downloaded from
the open street map (OSM). The OSM datasets were
extracted by open street map add-in tools in ArcGIS
10.4 (https://www.esri.com). The extracted datasets
contain road networks, administrative buildings,

points of interest, water features, and natural fea-
tures as spatial attributes. The natural features,
water features, points of interest, and administrative
buildings are considered as obstacles that reduces
the accessibility and mobility to direct access to
healthcare facilities (Lawal & Anyiam, 2019). The
SRTM-DEM and Landsat 8 OLI data (row-139,
path — 44 and date — 27/02/2021) with both are
30 m resolution is archived from the USGS web-
site (https:// earthexplorer.usgs.gov) for computa-
tion of a degree of slope and land use and landcover
accordingly. The datasets were projected into the
same coordinate system and computed the percent
of a slope using the methods of Wang and Liu,
2006. All the datasets are arranged into the frame-
work of the present study and create a GIS database
for further analysis and methodological develop-
ment (Fig. 2).

Methods

The present study is an integration of raster and vec-
tor datasets with statistical and model-building opera-
tions that perform to analysis of accessibility across
the study area. The statistical computations were
performed using MS Excel v2016 (https://www.
microsoft.com). However, the GIS model build-
ing and mapping were done using ArcGIS v10.4
(https://www.esri.com), and raster datasets were pro-
cessed via Erdas Imagine (https://www.hexagongeo
spatial.com) software. The adopted methodological

@ Springer
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Fig. 2 Methodological
development of the study
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framework is presented in Fig. 2 with the methods are
as follows:

Near

The near analysis algorithm is a geoprocessing tool
of the ArcGIS (https://www.esri.com) platform used
to compute distance and proximity attributes within
two input feature datasets (point, line, polygon)
using Euclidean distance (https://www.esri.com).
The proximity distance between slum neighborhoods

@ Springer

A 4

AHP suitability map

v

Results and Discussion

and healthcare facilities (HCF) is user-specified in a
measurable unit (meter) (Dutta et al., 2021b). There
is a noticeable disadvantage of the tool is that it can-
not determine the distance and proximity attribute in
a dataset (Assad, 2019). And another one is that when
two or more features are located at the same distance,
the tool randomly chooses one of them for the nearest
feature (https://www.esri.com).
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Network analysis

The network analysis in the GIS platform (https:/
www.esri.com) is performed to determine the most
valuable and efficient routes that people can eas-
ily and comfortably travel to the nearest facility
(Abdelkarim, 2019; El Karim & Awawdeh, 2020;
Lawal & Anyiam, 2019; Maleki Rastaghi et al., 2018;
Mansour, 2016; Mig et al., 2019; Polo et al., 2015; U
et al., 2018; Waithaka, 2015). The two input datasets,
for example, one as a facility and another one as a
demand point are required to create a network dataset
(El Karim & Awawdeh, 2020; Polo et al., 2015) for
solving the different aspects of routing problems of
distinct categories such as service area, closest facil-
ity, shortest path analysis, location-allocation, etc.
(https://www.esri.com). In this study, we used service
area and location-allocation tools (Openshaw, 1983;
Zhang et al., 2016; Zhao et al., 2019) as to enhance
the accessibility to healthcare facilities (HCF).

Service area A service area analysis is a GIS oper-
ation (Network analysis tool) (https://www.esri.com)
that analyzes how much area facilitating by a facility
center in a required time through the accessible ways
in a region (Dutta et al., 2021b). Also, a service
area is a combining datasets of existing road net-
work, facility centers, and road type (one-way, two-
way, etc.), allowing speed, and barriers (traffic jams,
natural and cultural barriers) in compliance with
the setting of the study area (El Karim & Awawdeh,
2020; Mig et al., 2019). The required traveling time
depends on vehicle speed that is controlled by road
conditions (quality and efficiency) (Gao et al., 2021;
Kim et al., 2018; Malqvist et al., 2010; Moisi et al.,
2010; Shen et al., 2020), local topographical factors,
traffic jams, availability of footpaths, etc. and these
are considered as the attributes of network layers (El
Karim & Awawdeh, 2020). The traveling time calcu-
late through the mathematical equation expressed as:

Time = Distance/speed

In Midnapore municipality, most of the roads are
one-way, and as a result, in the way, the vehicle’s
speed is considered as 40 km/hr (Mansour, 2016).
The network datasets were configured with the ser-
vice area tool at different times such as 3, 6, 9, and
12 min respectively. The resulting output of the

service area analyzed the efficiency of healthcare
facilities across the study area (El Karim & Awaw-
deh, 2020; Mig et al., 2019).

Location-allocation A location-allocation algo-
rithm is used to identify the optimum demand loca-
tion (Mishra et al., 2021; Mgller-Jensen, 1998; Vora
et al., 2015; Zhao et al., 2019; Zhang et al., 2016;
Shaw & Sahoo, 2020; Abdelkarim, 2019; Basu
et al., 2018; El Karim & Awawdeh, 2020; Maleki
Rastaghi et al., 2018; Migc et al., 2019; Polo et al.,
2015; Waithaka, 2015; Zhang et al., 2016). Also, it
is employed to reduce or minimize the travel dis-
tance, time, and costs, a deficit of facilities, suggest
new demand locations, and maximize the coverage
capacity of a facility center (Mishra et al., 2021;
Zhao et al., 2019). Accessibility between demand
site and facilities center, distance has a crucial role
in quantification e.g., Euclidean distance, Manhat-
tan distance, network distance, and time distance
(Mishra et al., 2021; Polo et al., 2015). Most of
the researchers used network distance from those
distances, however, the Location allocation model
is available in the network analysis extension of
the ArcGIS environment (https://www.esri.com).
There are four types of locational problem-solving
assumptions such as minimize impedance, mini-
mize facilities, maximum coverage, and maximum
attendance (El Karim & Awawdeh, 2020; Mig et al.,
2019; Mishra et al., 2021; Polo et al., 2015). The
uses of the location-allocation model are differ-
ent aspects but the three main components of this
model are supporting road network is the existing
road network, the demand side, and the facilities
center (Mishra et al., 2021; Vora et al., 2015; Zhao
et al., 2019; Polo et al., 2015). Also, in different
aspects of locational problem-solving assumptions,
the researchers mostly use impedance distances due
to improving the quality and easy access of a facil-
ity (Polo et al., 2015). A user is willing to travel a
maximum acceptable distance to access a particular
facility which is the impedance distance of accessi-
bility (Mishra et al., 2021; Zhao et al., 2019). In this
study, we employed the location-allocation model to
find out the accessible and inaccessible slum neigh-
borhoods to healthcare facilities (HCF) with a set
of 3 km impedance distance during health shocks
(Shah et al., 2016). Therefore, a location-allocation
model is reemployed to validate that whether pro-
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posed healthcare facilities (HCF) are in the best
appropriate location or not.

Predictive analysis

Predictive analysis is an add-in tool available in the
ArcGIS environment which predicts multiple sets of
raster data (ESRI, 2014). This tool is also performed
to developed complex queries on multiple or single
raster bands (Lawal & Anyiam, 2019). The capabili-
ties of this tool are to extract information from raster
bands using different queries that take into different
obstacles such as building, waterbody, etc. This tool
also contains the Speed model, distance from, and
time from, these are described are as follows:

Distance from The distance from tool can finds
how far an unknown location is as per area of interest
from a known location (e.g., point, line, or polygons)
(ESRI, 2014). This finding distance is based on the
shortest linear distance as per the set of locations. We
used this tool to identify the measuring distance from
the road across the study area.

Time from The time from tool of predictive analy-
sis is used to find the least accumulated travel time
from the closest source location or facilities center to
each cell of the raster dataset (ESRI, 2014). This tool
also finds distance in terms of travel time in a con-
stant velocity using an algorithm of raster calculator.
Also, this tool allows a speed model as an input, where
multiple effects that can control travel time and speed
(ESRI, 2014; Lawal & Anyiam, 2019). We use this
tool to identify the accessibility in terms of traveling
time from slum neighborhoods to healthcare facilities
(HCF) across the study area.

Speed model builder The speed model is a complex
query-based building model available in predictive

Table 2 Outlook and conditions of speed model builder

analysis tools within ArcGIS (ESRI, 2014). This tool
supports analyst specified conditions building model
which predicts moving or stationary object/events
location (Lawal & Anyiam, 2019). The speed model
works like proximity analysis over a raster band but
objects or events can be specified as constraints to
movement and computed travel time in addition to
distance to a destination (ESRI, 2014). The speci-
fied speed depends on different surfaces and terrain
as a conditioning surface created by the speed model
(ESRI, 2014). For example, high slopes of terrain
affected vehicle speed as well as traffic jams, and
road environments affected vehicle speed (Lawal &
Anyiam, 2019). Also, the speed model depends on
local knowledge and understanding across the area.
However, the achievable speed of constraint mov-
ing objects to access healthcare facilities ranges from
10 km/hr to 40 km/hr depending on terrain character-
istics, road environments, and distance from a road,
which is summarized in Table 2. The accommodated
scenarios as a condition of speed model using in time
from tool to computed traveling time to nearest health-
care facilities.

Results

Evaluation of accessibility efficiency of existing
healthcare facilities (HCF)

Catchment area of HCFs and accessibility

Most of the slum neighborhoods are confused to
choose the nearest healthcare facilities during an
emergency. Naturally, during health shocks, they
traveled too much distance which increased the mor-
tality risk of a patient (Lawal & Anyiam, 2019). The
application of a vector-based near tool identifies the
nearest healthcare facilities to doing the right choice

Conditions Speed (km/h) Distance from the road  Slope (degree)
(m)

Upon the road, high speed—Ilow slope 40 <20 <9

Upon the road, high slope—moderate speed 30 <20 >9

Apart from the road, low slope—low moderate speed 20 >20 <9

Apart from the road, high slope—low speed 10 >20 >9
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in an emergency (Fig. 3) (Dutta et al., 2021b). The
spatial accessibility index was created using the
Near_dist attribute field after the GIS operation by
the near tool between healthcare facilities (HCF)
and slum neighborhoods. However, from Fig. 3, the
output map represents the accessibility of each slum
neighborhood to healthcare facilities. Most of the
slum neighborhoods such as Raja Bazar, sepoy Bazar,
Keranitola, and Barabazar (70%) have much better
accessibility and about 23% of slum neighborhoods
such as station road, bhuniapara, ashoke nagar have
moderate accessibility to healthcare facility across the
study area. only 8% of total slum neighborhoods are
in low accessibility zones such as Gandhi ghat, Kabar

danda, tantigeria, and baro astana. They must travel
to a single facility or during emergencies to the exist-
ing healthcare facilities (Dutta et al., 2021b). Due to
the uneven distribution of healthcare facilities (Dutta
et al., 2021b), these slums are not facilitated by the
existing healthcare facilities.

Spatial accessibility by predictive analysis

The complex query and raster-based proximity
analysis tool as the predictive analysis used to find
traveling distance and time from healthcare facili-
ties (HCF) to slum neighborhoods across the study
area (Lawal & Anyiam, 2019). Distance from tool of
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predictive analysis deployed for finding the distance
from the road to slum neighborhoods as well as every
pixel across the study area (Fig. 4). The finding key
points from this analysis that the periphery regions
of the study area are around+400 m and mostly in
the northeastern side (ward 1) about 850 m distance
from the road network respectively. Most of the slum
neighborhoods on the road network are indicated
from the output map (Fig. 4) (Dutta et al., 2021b)
and the analysis also shows that these are the area
which is off the road in speed model building.
However, the speed model builder has created a
combination of the road environment, distance from
the road network, terrain attributes, and healthcare
facilities (HCF)(Lawal & Anyiam, 2019). These
using conditions are combined to find travel time
from each healthcare facility (HCF) across the study
area as well as slum neighborhoods. The obtained

results are the accommodation of conditions of the
speed model shown in Table 2 (Lawal & Anyiam,
2019). The analysis shows that accessibility to HCF
in terms of a travel time maximum of + 31 min, while
the average travel time is around+8 min over the
study area. Most of the slum neighborhoods and areas
under study area have high spatial accessibility except
periphery regions such as golapi chak, baishakhi
palli, naram pur, bara astana, and rajar purkur, etc.
(Fig. 5).

Most of the slum neighborhoods are within a
well position to access emergency care. From Fig. 5,
average traveling time from the slum neighbor-
hoods to healthcare facility centers ranges between
5 to 11 min. Mainly, the periphery regions of the
study area are facing problems during health shocks
to access medical care within half an hour. Follow-
ing Lawal and Anyiam (2019) works, the degree of
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accessibility as term as traveling time are over 20 min
which may increase mortality risk during health
shocks (vehicle accident, trauma, gynaecology, etc.).
Perhaps it is worse in the real world than the results
of the analysis because of huge traffic jams in bara-
bazar, keranitola, panchur chawk, raja bazar, sipoi
bazar, LIC more, Midnapore central bus stand, asho-
kenagar, Midnapore railway station road areas and
lacking transport availability (Ambulance) which is
not included in this analysis.

The results also identify the characteristics of road
environments, cultural and environmental obstacles
such as off-roads, administrative buildings, water-
ways, parks, etc. are the reasons for the worst access
to healthcare facilities that produce difficulty in navi-
gation during health shocks. For foregone care, the
results find about have too high spatial accessibility in

the central part and low pocket accessibility areas are
north-eastern (ward 1), southern (Wards 17 and 18),
and western part (Wards 24 and 25) of the study area.
After computation in the study area, about 84% area
has high spatial accessibility, and sixteen percent in
very poor to poor accessibility. Moreover, the analysis
indicates that most of the HCFs are clustered pattern
in the center and distributed northeast to southwest
directionally (Dutta et al., 2021b) which hinders their
facilities.

Despite this, there are two phenomena firstly, slum
neighborhoods are not facilitated easily by healthcare
facilities (HCF) because most of the time primary
healthcare are not able to treatment during health
shocks. Secondly, the questionnaire survey on the
study area find that health shock is more responsi-
ble for poverty rather than the distance to healthcare
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facilities. As a result, they are forced and pressurized
to get health services from the district medical col-
lege & hospital (MMC&H). The rapid increase in
demanding population and high population/HCF ratio
demand establish new healthcare facility across the
study area.

Spatial accessibility through network analysis

Firstly, the service area analysis evaluates geo-
graphic accessibility in terms of coverage areas
through traveling time from existing healthcare
facilities to study areas by road network during
health shocks (Fig. 6) (Dutta et al., 2021b). The
results of service area analysis show that there
are approximately thirty-one slum neighborhoods
such as kabar danga, golapi chawk, tantigeria,

nibeditapalli, bara astana are not under the cover-
age area of existing healthcare facilities, these are
representing about 19.8% of total slums and six-
teen thousand population of total slum population
approximately (Fig. 6). And, the other one hundred
twenty-five slum neighborhoods (80.2%), as well
as thirty-four thousand population of the total slum
population, are under the coverage area of existing
healthcare facilities accordingly. Also, the results
indicate that the uncovered area (around 8 km?
area) traveled over 20 min during an emergency
for a health facility. Approximately, twenty-seven
slums (around 2.8 km?) such as momin mahalla,
pakija baste, surja nagar, berballavpur, narampur
under coverage area with 0-3 min travelling time,
and, forty slums (around 4.7 km?) jelepara, daspara,
dewan nagar are under coverage area of 3- 6 min
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traveling time, as well as, twenty-eight slums
(around 5.2 kmz) halugali baste, sekhpura, bhunia
para are under coverage area of 6—9 min traveling
time and, at last, thirty slums (around 7.3 km?)
rajarpukur, station road, jelepara bastee are under
coverage areas of 9—12 min traveling time simulta-
neously (Fig. 6). Most of the slum neighborhoods
of the northwestern part and a few of the north-
eastern, southwestern, and southern are consider-
ing as low accessibility in terms of traveling time
during emergencies. The analysis is recommended
to add provisional healthcare facilities in deprived
healthcare service areas with the help of geospatial
analysis.

Secondly, the location-allocation model is used
to measure and authenticate the level of accessibil-
ity from HCF to slum neighborhoods of Midnapore
municipality. The location-allocation model for this
study has been set an impedance distance or thresh-
old distance of 3 km during health shocks (Shah
et al., 2016). The result (Fig. 7) indicates that catch-
ment areas or slum neighborhoods of existing facili-
ties and distant access from HCFs represent pockets
of inaccessibility or deprived health facilities in slum
neighborhoods. Most of the slum neighborhood in
the central part such as barabazar, nimtala chawk,
choto bazar, berballavpur, raja bazar, burdge town,
keranitola, narampur of the study area have sound
spatial accessibility through the road network but
slum neighborhoods in the north-western part such
as golapi chawk, nepali para and in the southern
part such as Gandhi ghat, mahatabpur are the areas
of inaccessibility. Also, the result identified about
15% and 85% of slums neighborhoods have inacces-
sibility and high spatial accessibility accordingly. But
there are some slum neighborhoods that are under the
catchment area of HCF in this model shows too much
travel distance during emergencies.

Thus, after identifying poor to very poor accessi-
ble or deprived areas of healthcare facilities demand
for new healthcare facility centers (HCF). Because a
facility with a suitable location plays a vital role in
socioeconomic aspects across a region (Mishra et al.,
2021; Dutta et al., 2021b; Kim et al., 2018; Pyriala-
kou et al., 2016; Yin et al., 2018). In an appropriate
location like existing HCFs of the study area which
affects the service quality and others costs. However,
the addition of healthcare facilities does not a solu-
tion whenever healthcare facilities are not in a proper

optimal location. The result (Fig. 7) also validates by
surveying, people from deprived areas are reported
that they are demanding health facilities for a long
time (Dutta et al., 2021Db).

Assessing suitability for new healthcare facilities
(HCF)

The inequality of healthcare services demands new
healthcare facilities for upgrading the level of health-
care facilities as well as social well-being and stand-
ard of living (Asare-akuffo et al., 2019; Bauer et al.,
2020; Chen et al., 2020; El Karim & Awawdeh,
2020; Guida et al., 2022; Lawal & Anyiam, 2019;
Liu et al., 2022; Orr et al., 2022; Rekha et al., 2017;
Shah et al., 2016; Shi et al., 2022; Vadrevu & Kan-
jilal, 2016; Wang & Wang, 2020; Zhang et al., 2016;
Zheng et al., 2021). The above spatial analysis of the
GIS algorithm identifies the lack of geospatial acces-
sibility that helps to enhance the healthcare facili-
ties. The appropriate location of healthcare facilities
plays a very effective role in a medical emergency
in the developing countries (Basu et al., 2018; Dutta
et al., 2021b; Kuldeep et al., 2017; Rekha et al., 2017;
Vora, Yasobant, Patel, et al., 2015). The low spatial
accessibility areas are faced mortality risk, travel
costs and time, and harassment day by day (Bauer
et al., 2020; W. Chen et al., 2020; Chen et al., 2019;
El Karim & Awawdeh, 2020; Shen et al., 2020).
As there is no possibility of reallocating the exist-
ing healthcare facilities, therefore the only option is
to established a new healthcare facility. Establish-
ing new healthcare facilities, so called, as healthcare
site suitability (HSS) is very important for reducing
the inequality of healthcare facilities between urban
core to urban periphery, urban to rural, and capital to
the village (Abdelkarim, 2019; Asare-akuffo et al.,
2019; Leone et al., 2019; Vadrevu & Kanjilal, 2016;
W. Zhang et al., 2016; Zheng et al., 2021). Health-
care site selection is accomplished through significant
analysis which finds suitable to unsuitable areas for
established a new healthcare facilities (Dutta et al.,
2021b). To assess the suitability, we have developed
the Multi-Criteria Decision Making (MCDM) algo-
rithm in GIS environment considering the multiple
evaluation criteria (B. Das et al., 2019; Das, 2019;
Nithya et al., 2019; Patra et al., 2018). In this phe-
nomenon, GIS is an integrating platform of Remote
Sensing, GPS, primary and secondary data, and
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Fig. 7 Shows location-allocation of existing HCF in the study area

statistical modeling that enhance the planning and
management of healthcare site selection in an area
(Dutta et al., 2021b). Based on the above spatial
accessibility analysis, we used multiple significant
criteria to analyze through Analytical Hierarchy Pro-
cess (AHP) in the GIS environment (Das et al., 2019;
Das, 2019; Nithya et al., 2019; Patra et al., 2018).

Selection of suitable criterion for new healthcare
facilities

Healthcare facilities are most efficient when they
are in the optimal location with emerging demands
(Dutta et al., 2021b). The multicriteria decision-
making (MCDM) helps to find the optimal and suit-
able location for any kind of geospatial planning

@ Springer

in the GIS platform (Ahmed et al., 2016; Chandra
et al., 2020; Das et al., 2019; Dutta et al., 2021b).
For this study of healthcare accessibility, we used
the most efficient criteria to identify the optimal
location a healthcare facility centers. For finding
the suitable location of healthcare facilities, we
considered a set of most efficient criteria (Shown
in Fig. 8) as:

Land use and land cover Land use and land cover
(LULC) is a dominant factor in any kind of planning
to do in the present or future (S. Das, 2019). Land use
and land cover (LULC) were classified for the study
area using the sentinel-2A image. The operation of
unsupervised classification algorithm on sentinel-
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2A image in Erdas imagine 2014 platform shows the
major types of land use and landcover (Figs. 8 and 9a)
are settlement (42.68%), vegetation (24.28%), water-
body (3.90%), grassland (4.91%), and fallow land
(24.21%). We preferred mainly fallow land and grass-
land as the site for a new healthcare facility.

Distance to poverty-affected areas We considered
poverty as an evaluation criterion for the construc-
tion of new sites for healthcare facilities (Dutta et al.,
2021b). Poverty indicates a low level of socioeco-
nomic status under threshold value (as per rules of the
government of India, minimum Rs. 900/- per head in
a monthly expenditure) (Dutta et al., 2021b). We have
estimated the multidimensional poverty index (MPI)
using household survey data such as per head income,
per head monthly expenditure, assets, level of educa-
tion, etc. The process of MPI estimation was adopted
from Dutta et al., 2021b and as:

d

CI=) g;xwj
j=1

The summation of deprivation matrix (gij) mul-
tiplied by the weighted value (wj) of each indicator
calculate the deprivation score (CI) (Dutta et al.,
2021b). After estimating the deprivation score, the
households which are under the threshold value
considered as ‘multiple 2021° households. The total
count of multiple deprived households divided by the
total count of households in a ward of the study area
represents the headcount ratio (HCR) (Dutta et al.,
2021b). The average (A) number of multiple deprived
households in each ward multiplied by headcount

8.35065

4.75065 4.736925

Area in sqkm

0.960525 0.76455

Grassland  Settlement Vegetation Waterbody Fallow land

Fig. 8 Shows the LULC classes of the study area

ratio revealed the final MPI value in percentage (%)
for each ward of the study area (shown in Fig. 9b)
(Dutta et al., 2021b). Mostly ward 7, ward 5 and
ward 3 are in multiple deprived in the study area.

Distance to slum areas In Midnapore municipal-
ity, 156 notified slums neighborhoods are identified
till now. This realistic framework focuses on provid-
ing sustainable public healthcare facilities to urban
poor as well as slum neighborhoods. The multiple-
ring buffer in the ArcGIS platform was performed to
classify multiple distances from slum neighborhoods
(Fig. 9¢).

Distance to population density areas Population
density is an important factor for planning and estab-
lishing of a new site for healthcare facilities (Das,
et al., 2021). Using the population data of Midnapore
municipality to calculate the population density. Fig-
ure 9d shows that most of the population is clustered
in the center of the town and slum neighborhoods also
(Das, et al., 2021). We predominantly focus on the
high population density wards for planning the new
sites of healthcare facilities.

Distance to existing healthcare facilities At the
starting point of this study, we discussed the twelve
healthcare facility centers that are distributed hap-
hazardly in the study area. Dutta reported that the
healthcare facilities are distributed from the northeast
to the southwest. Thus, we considered the new site
away of existing healthcare facilities (Fig. 9e). The
north-eastern site, western and southern site is the
most demanded site for new healthcare facilities in the
study area (Fig. 9e).

Distance to the major road network From Fig. 9f
the deep green colour shows the major road network
influencing zone of the study area. The major road
is the only road in the study area on which vehicles
runs in two ways. As a result, vehicle speeds are inter-
rupted as well as mortality rates, travel costs, etc. are
increased due to low spatial accessibility (Das, et al.,
2021; Lawal & Anyiam, 2019; Rekha et al., 2017).
The distance away from a major road, we considered,
these sites are highly recommended for new health-
care facilities.
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Elimination of constraint land

After setting the evaluating criteria for the site of
new healthcare facilities, there is an arising problem
of constraints land. Constraint land is preoccupied by
administrative buildings, universities, colleges, gov-
ernment buildings, playgrounds, parks, etc., where no
development activities with construction can be per-
formed in the present or future (Abdullahi & Pradhan,
2012). In this study, these kinds of lands (Fig. 10)
approximately 2.39 km? are not permissible and
available for construction of new healthcare facilities
by the government authority (Abdullahi & Pradhan,
2012). Therefore, we used the erase tool of ArcGIS
environment (vs.10.4) for removing these sites before
analysis (Dutta et al., 2021b).

Criterion weight and results through AHP
The Analytical Hierarchy Process (AHP) is an

expert opinion-based methodology that helps to
judge multicriteria for any kind of geospatial study

(Chandra et al., 2020; Das et al., 2019; Das, 2019;
Nithya et al., 2019; Patra et al., 2018). The AHP
method is widely used for exploring different nat-
ural phenomena (such as landslide susceptibility
zonation mapping, flood hazard zonation mapping,
natural resource exploration, etc.,), site suitability
identification, resource management, etc. (Chan-
dra et al., 2020; Das et al., 2019; Das, 2019; Nithya
et al., 2019; Patra et al., 2018). In this study, we
have used suitability analysis for finding a new site
of healthcare facilities. For new site selection, we
considered the pairwise comparison matrix of the
AHP which is based on multicriteria decision-mak-
ing (MCDM) for giving hierarchal order to select-
ing multicriteria with their priority and rank (Patra
et al., 2018). Satty (1980) was developed pairwise
comparison matrix as well as the AHP methodol-
ogy (Chandra et al., 2020; Das et al., 2019; Nithya
et al., 2019; Patra et al., 2018). Pairwise compari-
son matrix has been used for assigning weights (1-9
scale) of different criteria based on their influences
(Nithya et al., 2019). The assigning weights scale

Fig. 10 Shows the con- 87°18'0"E 87°19'0"E 87°20'0"E
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recommended by Thomas Satty in 1980 as (Tables 3
and 4):

For justification and evaluation of the assigning
weights in pairwise comparison matrix, consist-
ency ratio (CR) value should be equal or under 0.1,
otherwise, the matrix will not be accepted (Nithya
et al., 2019; Patra et al., 2018). The CR value is cal-
culated using the following equation as:

e

CR=—
RI

Here, CI=Consistency index and RI=Random
index.

Also, CI represents the consistency of every cri-
terion’s judgment. CI is calculated using the follow-
ing equation:

_ Amax-—n
n—1

CI

where, Amax is the largest eigenvalue and n repre-
sents number of criteria.

Table 3 Satty’s scale (1980)

Weight value Influence

Equal importance

Equal to moderate importance
Moderate importance

Moderate to strong importance
Strong importance

Strong to very strong importance
Very strong importance

Very strong to extremely importance

O 00 N N U AW N =

Extremely importance

Random index (RI) value was provided by Satty
(1980) based on several criteria selected for the
study (Chandra et al., 2020; Das et al., 2019; Das,
2019; Nithya et al., 2019; Patra et al., 2018). There-
after, the valuable assigning weights were used in
the ArcGIS environment for the final site suitability
analysis using overlay techniques (Das et al., 2019).
After overlay, the resultant map (shown in Fig. 11)
is classified into five categories such as most suit-
able, suitable, moderate, poor, and very poor. The
most suitable areas for new healthcare facilities are
only for 2% shown in ward 1 and ward 25. Suitable
areas are shown in nearly Gandhi ghat, Vidyasagar
university, tantigeria, and ward no. 1 as 5%. Most
of the places of core area in study area are shown
as moderate and poor as 35% and 54% respectively,
and very poor only 4% (Fig. 12 and Table. 5).

Discussion

Despite the development of healthcare facilities in
India, peoples are in trouble going through taking a
single facility (Rekha et al., 2017; Das, et al., 2021).
The realistic framework of this article planned for
healthcare facilities to the urban poor as well as urban
peripheral communities (Das, et al., 2021). In most
developing southeast-Asian countries, especially
India, planning of healthcare facilities confronted lots
of barriers such as efficient and proper planning, huge
population, construction site, etc. (Al-Taiar et al.,
2010; Basu et al., 2018; Leone et al., 2019; Rekha
et al., 2017; Sedenu et al., 2016; Vora et al., 2015).
The optimal location or site of healthcare facilities
is very much effective to reduce mortality rates as
well as facilitate the pupils (Das, et al., 2012; Huerta
Munoz & Killestal, 2012; Reshadat et al., 2018;

Table 4 Pair-wise comparison matrix and AHP weights (rank and priority)

Sl.no  Criteria 1 2 3 4 5 6  AHP weights Rank  Priority (%)
1 Distance to existing HCF 1 3 3 3 3 0349 1 349

2 Distance to slum areas 3 3 2 0235 2 23.5

3 LULC 1 1 3 0.120 3 12.0

4 Distance to the major road network 1 1 3 0119 4 11.9

5 Distance to poverty-affected areas 1 2 0.108 5 10.8

6 Distance to population density areas 1 0.069 6 6.90
CR=0.06
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Table 5 Suitability area for new HCF

Total area=17.61 km?

Constraint area=2.39 km?

Suitability Area (km?) Per-
centage
(%)

Most suitable 0.248023

Suitable 0.861486 5

Moderate 6.263106 35

Poor 9.624815 54

Very poor 0.609634 4

Yin et al., 2018; Mishra et al., 2021). The connec-
tion between the location of healthcare facilities and
spatial accessibility is required to be regularly ana-
lyzed for providing better facilities (Lawal & Any-
iam, 2019). In this article, we employed different GIS
techniques to analyze spatial accessibility. The near
tool of the ArcGIS platform was employed to analyze
the spatial accessibility index (SAI). The resultant
map as SAI represents the nearest healthcare facilities
from the slum neighborhoods. Also, the service area
and location-allocation model in the network analy-
sis extension tool of the ArcGIS platform was used
to analyze the coverage of existing healthcare facili-
ties based on road networks. Predictive analysis is an
add-in tool of the ArcGIS platform also employed for
calculating the traveling time to healthcare facilities
using road networks and terrain slopes. The inequal-
ity in healthcare facilities ensuring after different
spatial analyses. The result of healthcare inequality
meets the low spatial accessibility, for instances, mor-
tality rates are very high in rural to urban poor and
peripheral communities in India due to the low spatial
accessibility and inequality of healthcare distribution.
Thus, the demand for healthcare facilities is increas-
ing simultaneously with the increasing population.
This study mainly focuses on sustaining health facili-
ties in the slum neighborhoods as well as the total
community. Therefore, we have set different evalua-
tion criteria based on spatial analysis which is mostly
facilitated to the urban poor. By employing the AHP
method, the site suitability for new healthcare facili-
ties is generated. The results of this site suitability
analysis show the difference in suitability for the sites
of new healthcare facility (Table. 5).

@ Springer

Conclusion

The framework of this study reflects healthcare plan-
ning for the Midnapore municipality of West Ben-
gal, India. The adopted methodology evaluates the
existing healthcare facilities and improves equitable
healthcare facilities for future demand using the GIS-
based approach entrenched in ArcGIS 10.4 (ESRI;
Lawal & Anyiam, 2019; Mansour, 2016; Owen et al.,
2010). This study found largely increased public
health demand in developing countries especially
slums and rural areas due to poverty as well as sus-
tainable development (Shaw & Sahoo, 2020; Vora
et al., 2015). Although poverty is responsible for
inadequate health facilities in slums and rural areas
during health shocks in different accessibility dimen-
sions (Hossain & Laditka, 2009; Kuldeep et al., 2017;
Owen et al., 2010; Shaw & Sahoo, 2020; Vora et al.,
2015). The robust analysis of accessibility level to
healthcare facilities will be effective for the improve-
ment of healthcare services and planning implemen-
tation. Geographic access during health shocks tack-
les remote access with population/HCF ratio, road
environments, terrain characteristics, climatic condi-
tions, and other cultural factors which create a barrier
between facilities and patients as well as healthcare
utilization (Dutta et al., 2021b; Lawal & Anyiam,
2019; Mansour, 2016). Geographic barriers should
be reduced to discover new innovative technology
such as telehealth, information, and communication
technology (ICT). This study supports measuring
geographic accessibility, infrastructure development,
road network, and environment development and rec-
ommended potential optimal locations for new HCF
in deprived health service areas (Mishra et al., 2021).
This article suggests to stakeholders such as research-
ers, urban planners, planning commissions, and local
planning authorities to take actionable policies to
improve geographic accessibility and healthcare utili-
zation. The measuring accessibility will be more reli-
able when poverty, population/HCF ratio, the struc-
ture of the population, and healthcare capacity are
included in this framework. There is an opportunity
for the researchers to do more research on geographic
accessibility and healthcare facilities to the communi-
ties in every time—space framework.
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