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A requirement for human liveability on a global scale is good health, which
is also a crucial element of universal requirements. As a result, maintaining
the population depends on an equitable distribution of health facilities. In
many nations, the main problem is to ensure that the entire population has
access to and makes use of adequate healthcare services. Accessibility refers
to the case of reaching destinations. According to Beedasy (2010), access to
health care services is a function of many variables which includes the
financial resource of patients, education, age, gender, race, access to medical
insurance, availability of health providers, culture, knowledge of how and
when to access health providers. Recommendations of family and friends,
familiarity with the hospital, geographical location of the healthcare services,
distance, transportation facilities and travel cost. It is the cost of travel in
terms of distance time or expenses between patient and service locations.
Geographic accessibility is how easily a health user can physically reach the
provider's location. Health populations and access to healthcare services are
significant factors influencing economic development and prosperity. Since
geographical access is an essential feature of an overall health system, health
services need to develop accurate measures of physical access to health.
Hence, the present study the spatial accessibility to primary health centres
and their services in the study area. The district road network has been
transformed into a network dataset for network analysis. Roads received an
average vehicle speed based on the road hierarchy and characteristics. The
service areas and closest facilities were determined in terms of distance and
time based on speed, journey time, and travel distance. The findings show
that a significant section of the population must travel a great distance to
reach the medical facilities.

Keywords: Network analysis, Closest facility, Accessibility, Service area -
Distance, time.
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I. INTRODUCTION

Physical accessibility is wused to gauge the
opportunities that are available to people in a certain
area. While taking into account the complex and non-
linear relationships between these elements, access
should be viewed as a function of a number of factors,
the

characteristics, and outcomes (such as changes in

including availability ~of services, user
health status or uptake of interventions with a track
record of effectiveness) (Aday and Andersen, 1981;
Pawson and Tilley 1997). Physical accessibility largely
depends on quantity and quality of connectivity
which determines the Travelling time, Travelling
distance, and Speed determined by the road and its
surface condition, Sinuosity, the matter of choice for
travelling as per road condition etc. Thus healthcare
policies are essential in terms of the quality and
quantity of services available and their associated
effects on access with respect to utilization and the
sustenance of the facility for the continuous increase
and ever-changing needs of the population. It has
been observed that inequities in access to health care
services have been existing and in some areas, it has
increased with time in India which according to Baru
and Bisht (2010) are due to two broad responsible
factors. The first set of issues concerns the weakening
of public health services in terms of availability,
accessibility and quality. The second concern with
increasing commercialization. Thus it is required to

the the

strengthening the health services in terms of both, the

frame policy looking to aspects of

accessible facilities which are widely accepted owing

to the quality and reduce the impact of
commercialisation.
The healthcare sector is a challenging area as it

involves relating geographic data on health care need,
the

characteristics of service delivery systems which is

access, utilization, and outcomes with

dependent on various qualitative and quantitative
attributes. Also, it requires to be weighted considering

the individual influence on the decisions for the best

suitable plan. GIS enables the depiction of spatial
relationships and the integration of statistical and
geographic data. When studying health data, GIS
techniques are effective at identifying patterns and
linkages that a strictly tabular approach could miss.
Mapping and visualization of health disparities and
their relationship to the geographical location of
healthcare services can allow for better resource
allocations to contrasting and underserved
populations. Application of tools of GIS in health care
research can encompass the geographical dimensions
of access. Health care decisions of the population are
strongly influenced by the type and quality of services
available in the local area and the travel distance, time,
cost and ease of travelling to reach those services.
Conventionally nearest neighbourhood analysis and
service area maps have been employed which initially
served the location-allocation problems further, the
service area and network analysis gave thrust to the
social research by integrating multifactorial data and
also to solve the “what if” problem and giving
scenario-based planning. While the distribution and
determinants of health and disease were the primary
focus of early GIS applications in health care research,
GIS has more recently been utilised to plan and
administer health care services (Parker and Campbell,
1998). The primary health care programme in India
has to be reoriented away from the existing rigorous
target-achievement focus to improve coverage,
quality, and substance of services, as the current
strategy has not produced the expected outcomes.
This was also suggested by Satia et al. in 1993.

A method for calculating the geographic accessibility
of health facilities by population coverage, average
travel time, and distance to the closest hospital is
shown by the study by Islam and Aktar (2011) for
health services in Khulna City applied to community
units in the research region. This study allows
geographical access to be linked to people. A GIS-
based approach was utilised by Lee and McNally
(1998) to assess physical accessibility. It is based on

theories of space-time prisms that can recognise
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opportunities that are workable in a variety of
complex travel behaviour settings. They seek to
ascertain if an area is physically accessible or not.
When a facility is not on the quickest route, it can be
presumed that it will be impossible to reach it in the
allotted amount of time (Lee and McNally 2002).

Study Area

Karur district, with headquarters at Karur, it is the
centrally located district of Tamil Nadu. It is bounded
by Namakkal district in the north, Dindigul district in
the south, Tiruchirappalli district on the east and
Erode &Tiruppur districts on the west. Karur is
located at 10°57'° N 78°4" E has an average elevation
about 371 km
of Chennai, the state capital of Tamil Nadu (Fig 1).

of 122 metres. It’s south west
The study area highest temperature is obtained in
early May to early June usually about 34 °C though it
usually exceeds 38 °C for a few days most years. The
average annual rainfall is about 775 mm (30.5 in). The
Topography of the district is almost plain except
Rangamalai hills in extreme south of Karur taluk.
Cauvery is the Major River flowing on northern and
eastern boundaries. Amaravathi runs through Karur
and Confluences with Cauvery at Nerur. The soils are
generally sandy loam and Clay type. But large areas
are under red soil and black cotton soil. Karur District
consists of two Revenue Divisions viz., Karur and
Kulithalai, Seven Taluks viz., Karur, Aravakurichi,
Kulithalai,

Krishnarayapuram and Kadavur, comprising of 203

Manmangalam, Pugalur,
Revenue Villages. The District has eight blocks viz.
Karur, Thanthoni,
Kulithalai,
Thogaimalai comprising of 157 Village Panchayats.

Aravakurichi, K.Paramathi,

Krishnarayapuram, Kadavur, and
There are two Municipalities viz. Karur &Kulithalai
and Eleven Town Panchayats viz. Aravakurichi,
Krishnarayapuram, Marudur, Nangavaram, Palaya
Jeyamkonda Cholapuram, Pallappatty, Puliyur, Punjai
Thottakurichi, Punjai Pugalur, TNPL Pugalur, and

Uppidamangalam.

ey ot owc o e

Karur District
STUDY AREA : LOCATION

There are 32 primary health centres 159 health sub
centre and Government Medical college Hospital in
Karur district, In each Primary health care centre
covers the about 6-8 villages. This is primarily because
of the fact that these Primary health centres cater to
the health care needs of rural population within their
respective spatial context. It may be pointed out that
even in view of the National Council, any actual plan
may be feasible if it is only prepared at the district
level studies at particularly on the primary health care

system.

Objectives of the Study

Objectives of the present study are:

U This research aims to evaluate the spatial
accessibility of Network analysis used to model
travel distance and travel time to Primary Health
Centres using GIS in the study area.

U To create a database to identify the centroids
generated as demand points and travel distance
and time from each centroid to the closest facility
of primary health centres service area in the
study area.

[1. Methodology and Techniques Used
The physical accessibility of PHCs in the study area is
the topic of the current study. The district's road
network has been transformed into a network dataset
for network analysis. Roads received an average
vehicle speed based on the road hierarchy and
characteristics. National Highway 50 km/h, State
Highway 40 km/h, Metalled 30 km/h, Un-metalled 20
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km/h, and Pedestrian 10 km/h are the various speed
restrictions. The service areas and closest facilities
were determined in terms of distance and time based
on speed, journey time, and travel distance. The
Primary Health Centre in the study region was
located using GPS, and census data were utilised to
The

settlement centroids were viewed as demand locations

determine who lived in the communities.

because the population is not evenly distributed
PHC

facilities were viewed as destination points. Each

throughout settlement polygons, and the
service area's population was estimated using distance
and time. The shortest path or closest facility has also
been determined, both in terms of time and distance.
the

population of several Primary Health Centres' shortest

Calculations have been made regarding

routes.

I11.Discussion and Analysis

The arrangement of the facilities across a geographic
space is addressed by the spatial pattern of healthcare
facilities. This may be a result of several geographic
factors, such as the facility's accessibility from other
neighbouring villages, the presence of approachable
roads, modes of transportation, or obstructions like
water features, forests, rough terrain, and others. The
kind and calibre of services that are offered in the
neighbourhood, as well as the travel time, cost, and
ease of getting there all have a significant impact on
healthcare decisions. The Network analysis GIS
environment reveals the distance and time to health
centres in this study area considering 32 Primary
health centres and approximately 169 villages. As the
population is not the geographical extent of each
village, the village centroids was operated, considered
as a demand point and the primary health facilities

were considered as supply points.

Table — 1. Karur District Service area based on Travel

Distance
s 85 |5 .| & & o
o |58 R S g8 |« g
8 d~4Ed 2 2| 2%
& A s > 5] o 9]
2 a Z L (a¥ o~
Below -
1 3 23 13.6 209866 25.6
3-6 35 20.7 173953 21.2
6-9 54 32.0 220368 26.9
Above -
4 9 57 33.7 215172 26.3
Total 169 100 819359 100

The services created by Network analysis helps to
examine physical accessibility to health centres. The
service area has been generated for primary health
centres based on the distance and time of the service
point. The service areas have been generated for the
distance Below -3,3to6,6to9and Above -9 km,
whereas based on the time the service areas have been
identified for Below -10, 10 - 20, 20 -30 and above -
30 Minutes. The population of each service area of
distance and time has been calculated to understand
the extent and size of health services rendered by
each Primary health centre in the study area.

Figure 2 reveals the service area of primary health
Table 1

percentage of villages and populations that are within

centres based on distance. shows the
the specified distances from primary health centres.
25.6% of the population is spread out among 13.6% of
the villages within a distance of 3 kilometres. In 3 to 6
kilometres, approximately 20.7% of the villages

covering 21.3% of the population are served.
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Karur District

SERVICE AREA BASED ON
TRAVEL DISTANCE

Kilometers
TRVE OTE WO

On the other hand, in 32% of the villages covered,
26.9% of the population is accessing the primary
health centres within 6 to 9 kilometres, and about
33.7 % of the villages with 26.3% of the population
are accessing centres beyond 9 kilometres to reach the
primary health centres in the study area.

Figure 3 reveals the service area of primary health
Table 1

percentage of villages and populations that are within

centres based on distance. shows the
the specified distances from primary health centres.
25.6% of the population is spread out among 13.6% of
the villages within a distance of 3 kilometres. In 3 to 6
kilometres, approximately 20.7% of the villages
covering 21.3% of the population are served. On the
other hand, in 32% of the villages covered, 26.9% of
the population is accessing the primary health centres
within 6 to 9 kilometres, and about 33.7 % of the
villages with 26.3% of the population are accessing
centres beyond 9 kilometres to reach the primary

health centres in the study area.

Table — 2. Karur District Service area based on Travel

Time
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Below
1 10 41 | 24.3 | 325143 | 39.7
2 |10-20 | 54 | 32.0 | 194398 | 23.7

3 |120-30 | 35 | 20.7 | 157195 | 19.2
Above

4 39 | 23.1 | 142623 | 17.4
-30
Total | 169 | 100 | 819359 | 100
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Karur District

SERVICE AREA BASED ON
TRAVELTIME
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Figure 3 reveals the service area of primary health
centres based on travel time. Table 2 shows the
percentage of villages and populations that are within
the specified travel time from primary health centres.
There are 39.7% of the population spread out among
243 % of the villages within a travel time of 10
minutes. In 10 to 20 minutes of travel time,
approximately 32 % of the villages covering 23.7% of
the population are served. On the other hand, in 20.7
% of the villages covered, 19.2 % of the population is
accessing the primary health centres within 20 to 30
minutes, and about 23.1 % of the villages with 17.4%
of the population are accessing primary health centres
more than 30 minutes in the study area (Fig 3).

The closest facility determines which incidents and
facilities are closest to one another by calculating the
cost of travel between them. Even if the routes to the
desired locations are unknown, it is essential to
determine the optimum traversing route between any
two points within an area to make travel simple and

faster for everyone.
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Table — 3. Karur District Shortest Travel Routes based
on Travel Distance

8 o
5o l2g 5| § |G
sEEiES 5 B3
s wm e fz > ] ~ x
1 Below
-3 38 | 22.5 | 278257 | 34.0
3-6 63 | 37.3 | 284201 | 34.7
6-9 35 | 20.7 | 150082 | 18.3
4 Above
-9 33 | 19.5 | 106819 | 13.0
Total | 169 | 100 | 819359 | 100

It is also essential to find the closest facility or utility
to reach from a specific location at any moment
whenever necessary due to the increase in utilities
and facilities throughout an area. The study area's
shortest route distance and travel time between the
primary health centres and the centroids of the
villages have been calculated. The study area village's
travel distance to the nearest primary health centres is

shown in table 3.

Karur District

SHORTEST TRAVEL ROUTES
BASED ON TRAVEL DISTANCE

The table shows that the majority of the population
34.7 %, living in 37.3 % of the villages has access to a
travel distance of less than 3 to 6 kilometres to the
nearest primary health centres. About 34 % of the
population consisting of 37.3% of the villages are
being served travel a distance of less than 6 kilometres

to reach the nearest primary health centres. On the

other hand, 18.3 % of the population living in 20.7 %
of the villages are accessing in the travel distance
within 6 to 9 kilometres to go to the nearest Primary
health centres (Fig 4). Where, 13 % of the population
living in 33 (19.5 %) villages have travelled to a
distance of more than 9 kilometres in the study area.
Table 4 and figure 4 shows percentages of the villages
and their population each specified travel time to the
nearest health care facilities from the village’s
centroids via road is derived from the measured travel
time in the study area. Among, 37.3 % of the
population living in 24.3 % of the villages have access
the travel less than 10 minutes to the nearest primary
health centres. About 30.9 % of the population
consisting of 35.5 % of the villages are accessing the
travel time to reach the nearest primary health
centres within 10 to 20 minutes.

Table - 4

Karur District

Shortest Travel Routes based on Travel Time

"5' =] =1
MEELEAE-
dlE ez 3% & |28

Below 41
1 305901
-10 24.3 37.3
2 10-20 | 60 35.5 | 253486 | 30.9
3 20-30 | 43 254 | 172952 | 21.1
Above 25
4 87020
-30 14.8 10.6
Total | 169 | 100.0 | 819359 | 100.0
Karur District

SHORTEST TRAVEL ROUTES
BASED ON TRAVEL TIME
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On the other hand, 21.1 % of the population and 25.4 %

of the villages are accessing travel time within 20 to

30 minutes to go to the nearest primary health centres.

About 10.6 % of the population living in 14.8 % of
villages have travelled for a time of more than 30

minutes in the study area (Fig 5).

1V.Conclusion

GIS analysis of health data and healthcare service
locations is useful for identifying and understanding
links between healthcare access and health outcomes
since it matters where healthcare is situated. Health

in health

inequities. Researchers and planners have found that

data mapping helps identify trends
using advanced GIS technologies makes it easier to
visualise and conceptualise health plans and policies.
Public health administrators can benefit from using
these tools because they can save time and money.
The scope of this study can be expanded in the future
by including micro-level data on population traits,

land use, land cover, and slope drainage.
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