International Journal of Research Publication and Reviews, Vol 5, no 11, pp 694-701 November 2024

International Journal of Research Publication and Reviews

Journal homepage: www.ijrpr.com ISSN 2582-7421

WWW.IJRPR.COM

Spatial Distribution and Pattern of Location in Primary Health
Centers in West Garo Hills District, Meghalaya

V. Saravanabavan’, Nokimte N Sangma?, C Vinothini’

!Associate Professor, Department of Geography, School of Human and Environmental Sciences, North Eastern Hill University, Shillong -793022,
Meghalaya, India.

PG Project Fellow, Department of Geography, School of Human and Environmental Sciences, North Eastern Hill University, Shillong -793022,
Meghalaya, India.

3Research Scholar, Department of Geography, School of Earth and Atmospheric Sciences, Madurai Kamaraj University, Madurai- 625021, Tamil Nadu,
India.

DOI : https://doi.org/10.55248/gengpi.5.1124.3126

ABSTRACT

Primary health care services cover a wider range of activities, including medical care, sanitation, infrastructural facilities, immunization, counselling health
awareness education, social security, rehabilitation, etc. The West Garo Hills District in Meghalaya, India, is a predominantly rural area that faces significant
challenges in healthcare accessibility due to its mountainous terrain, economic constraints, and dispersed population. This study examines the spatial distribution
and service efficacy of Primary Health Centers (PHCs) within this region. Utilising GIS-based methodologies, specifically Nearest Neighbor Analysis, this
research assesses the clustering, dispersion, and service reach of PHCs across the district. The spatial pattern analysis reveals insights into how healthcare
facilities are distributed with population density and socio-economic conditions, highlighting regions with inadequate healthcare coverage. Through mapping and
comparative analysis, we identify underserved areas, recommend improvements in the spatial placement of PHCs, and propose actionable steps for policy

development. These findings aim to support more equitable healthcare distribution and enhance primary healthcare accessibility for the district’s population.

Keywords; Primary Health Centers (PHC), Spatial distribution, Nearest Neighbor Analysis, Healthcare accessibility Spatial Distribution and pattern of
Location in Primary Health Centers in West Garo Hills District, Meghalaya

Introduction

Primary healthcare services encompass a broad spectrum of activities, including medical care, sanitation, infrastructure, immunization, counseling,
health education, social security, and rehabilitation (1,2,3). Ensuring the availability of these services is essential to achieving the "Health for All" goal
and plays a crucial role in primary healthcare (4). Medical geography examines the spatial aspects of health and healthcare delivery systems, with a
particular focus on disparities and accessibility challenges (5,6,7,8). This field emphasizes the importance of geographic information systems (GIS) and
spatial analysis methods—such as Nearest Neighbor Analysis—in evaluating healthcare distribution and identifying underserved
areas(9,10,11) .Research on healthcare accessibility, especially in rural and remote regions, frequently highlights obstacles like geographic isolation,
transportation limitations, and economic constraints(12,13,14,15). Studies by Andersen and Newman (16) and Penchansky and Thomas (17) identify
the "5 A's" of healthcare accessibility—availability, accessibility, affordability, acceptability, and adequacy—which serve as criteria in evaluating
healthcare distribution, particularly in socioeconomically disadvantaged areas(18,19). GIS has become an invaluable tool in healthcare planning,
offering visualizations of healthcare facilities and their service areas. Studies by McLafferty and Tanser et al. (20) demonstrate how GIS can analyze
the spatial distribution of healthcare services and identify accessibility issues. The application of NEA, for instance, enables the delineation of
catchment areas, revealing potential service overlaps or coverage gaps that can guide the strategic placement of healthcare resources (21,22,23,24).
Research in mountainous areas, such as the Himalayas and other rural settings in developing countries, indicates that terrain, infrastructure, and
economic factors significantly impact healthcare accessibility (25,26,27). Additionally, the literature on healthcare accessibility emphasizes that
government and non-governmental collaboration is essential to address challenges in healthcare access (28,29,30). Bocquier (31) advocates for
integrated healthcare planning in resource-constrained settings to bridge healthcare distribution gaps and optimize facility locations according to
population needs (32,33,34). Research using GIS and spatial analysis techniques has proven especially relevant in assessing the distribution of
healthcare services in rural and mountainous regions similar to West Garo Hills, Meghalaya. Methods like Nearest Neighbor Analysis and Thiessen
Polygons are particularly effective for understanding healthcare accessibility and planning the optimal placement of new Primary Health Centers
(35,36). Furthermore, research highlights the impact of socio-economic and environmental factors, such as terrain and population density, on the
distribution and efficacy of healthcare services in rural India (37,38,39,40). Studies focusing on policy recommendations for healthcare access
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underscore the importance of policy adjustments based on spatial data and GIS analysis (41,42,43). The targeted healthcare policies can substantially
improve healthcare access, especially in challenging terrains like West Garo Hills, where GIS-driven approaches can enhance service accessibility and
support informed decision-making.

Study Area

The West Garo Hills District in Meghalaya, India, is a blend of urban and rural regions, with Tura town as its administrative headquarters. Covering an
area of 3,714 km?, it is situated in the westernmost part of Meghalaya and shares borders with the East and South Garo Hills districts, Assam’s
Goalpara District, and Bangladesh. With a population of 643,291 as of 2011, it is the second most populous district in Meghalaya, following East Khasi
Hills.(Fig 1). The region, characterized by its forested, hilly terrain, relies heavily on agriculture as the primary source of income. Due to widespread
poverty, Primary Health Centers (PHCs) are often the only affordable healthcare option, highlighting the need to evaluate the distribution and
effectiveness of these facilities. The state of Meghalaya spans 22,720 km?, known for its mountainous terrain, valley stretches, and resource-rich
highland plateaus. The Garo Hills region, where the West Garo Hills is located, has lower elevations and warmer climates compared to the Khasi and
Jaintia Hills.

Objectives

To find out the spatial distribution pattern of PHC in the Study area.

To understand the location efficiency of PHC in the West Garo Hills district
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Methodology

Data Collection
Study Area: West Garo Hills District, Meghalaya, India.

Data Sources: Geospatial coordinates and relevant attributes of Primary Health Centers (PHCs) collected from government health databases, field
surveys, and GIS data repositories.

Software and Tools: GIS software (e.g., ArcGIS, QGIS) for spatial analysis, and statistical tools for data processing.
Nearest Neighbor Analysis (RN Statistic): Used to determine the spatial distribution pattern of PHCs across the district.

Formula: RN = Dobs
Dexp

RN - Nearest Neighbor index of spacing
Dobs - The average of the observed distance between each center and its nearest neighbor in km
Dexp —The expected average distance between each center and its nearest neighbor in Kilometers.

This analysis provides insights into whether PHCs are clustered, dispersed, or randomly distributed, reflecting the planning adequacy of healthcare
facilities.

Data Analysis and Interpretation

Mapping and Visualization: Using GIS software, generate spatial maps showing the distribution and service areas of PHCs across the district.

Quantitative Assessment: Analyze the spatial patterns identified by RN Statistic and Thiessen Polygons to evaluate PHC accessibility and coverage
comprehensively.

Comparative Analysis: Compare PHC distribution patterns with demographic and socio-economic data to identify correlations between population
density, socio-economic factors, and healthcare accessibility.

Assessment of Accessibility and Equity: Insights into the clustering or dispersion of PHCs and the adequacy of their service areas can guide
policymakers in identifying areas that lack sufficient healthcare access. Based on findings, propose recommendations to enhance healthcare
accessibility, such as adding PHCs in underserved regions or optimizing existing facilities' locations.

Result and Discussion

Identification of Primary Health Centre

This Study represents the characteristic features of the spatial distribution of healthcare centers, which is estimated with the help of Nearest Neighbor
Analysis.In West Garo Hills District of Meghalaya Primary Health Care Centres plays an important role for the rural people of the district providing the
health needs to them at lower cost. West Garo Hills is divided into six blocks each block having 2 to 3 PHCs supporting the health system of the district.
Dalu block has 3 PHCs, namely Dalu PHC, Purakhasia PHC, and Kherapara PHC, giving primary health needs to the nearby villages. Dalu PHC,
located in the south, acts as the main center for most of the villages. Villages like Koinabhoi, Koinadubi, Kujikura, etc take 15 to 30 minutes to reach
the PHC and supporting them with all the basic health needs being the nearest Primary health care center to them, including all the border area villages
also come for health needs to the center. Rongram Block has the highest population concentration with only 2 PHCs namely Asanangre PHC and
Babadam PHC serving the rural people of nearby villages. Tura is located under the block of Rongram where most of the private and Government
hospitals are located and this hospital plays a vital role for half of the population while PHC supports the other villages which are quite far from the
hospitals and can’t afford large sums and are very difficult to travel long way, in this way PHC in rongram block help or support them in all necessary
health needs. In the same way PHC in other blocks helps people in many ways and they don’t have to travel long distances for basic health needs. Most
of the PHCs are in the border areas where most of the settlement takes place.

Nearest Neighbor Analysis

Nearest Neighbor Analysis measures the speed or distribution of something over a geographical space (44,45,46). It provides a numerical value that
describes the extent to which a set of points are clustered, random, or uniformly spaced. Researchers use Neighbor Analysis to determine whether the
frequency with which something is observed spatially is comparable with other locations. It can provide researchers with a numerical value for the
clustering of a geographical phenomenon, allowing this value to be compared more accurately with other places. (Table 1).
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The nearest neighbor analysis is an approach to the study of point, line, and area patterns. In this approach, one makes tests on measurements of
distance between sampled points and their nearest neighbors by comparing the observed mean distance. we can measure the distance of each point from
its nearest neighbor, i.e., which is closest to it. We then calculate the value Rn, where.

A Nearest Neighbor Analysis is a descriptive statistic that shows a pattern of locating features by comparing graphically the observed nearest
neighbor distance (47,48). That is, it describes a phenomenon based on its distance from another phenomenon in space. The Nearest Neighbor Analysis
does not only examine distance points, but it also examines the closest point to it. The Nearest Neighbor Index (NNI) is a complicated tool to precisely
measure the spatial distribution of a pattern and see if it is regularly dispersed, randomly dispersed, or clustered. The Nearest neighbor analysis an
effective for quantifying distribution and decreasing distribution patterns of health care centers such as primary health centers and sub-centers. Which
could be located and pointed on maps on a particular scale nearest neighbor statistic.

RN = Dobs
Dexp

RN - Nearest Neighbor index of spacing
Dobs - The average of the observed distance between each center and its nearest neighbor in km
Dexp —The average distance between each center and its nearest neighbor in Kilometers.

Dexp= 1
2N/A

N — Number of Health centers
A — Area

The nearest neighbor technique involves the measurement of the distance from an individual point to its nearest neighbor irrespective of any
diversion. A series of such distance measurements are made using all the individual points present on a randomly selected sample and the value of
mean distance (Do) to the nearest neighbor that would be theoretically expected if the individual of that population were randomly distributed is
calculated using the formula.

Dexp.DE = 1
2 N/A
O-cluster, 1-random, 2.15-uniform

Table 1: Nearest Neighbor Analysis

S. No. Nearest Neighbor Distance in cm Distance in km Ground
1 1-2 2.4 10
2 1-3 23 5.75
3 3-4 2.9 7.25
4 4-6 2.5 6.25
5 5-6 2.8 7

6 5-7 2.8 7

7 6-7 2.5 6.25
8 6-8 2.8 7

9 8-9 1.9 4.75
10 8-10 22 5.5
11 9-10 2.1 5.25
12 10-11 1.9 4.75
13 11-12 3.5 8.75
14 12-13 3.7 9.25

Source; Compiles by author
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Nearest Neighbour Analysis

RN = Dobs
Dexp

RN =179

Figure 2 shows the characteristics feature of the spatial distribution of healthcare centers, which is estimated with the help of nearest-neighbor analysis.
The spatial distributions of health centers in the study area are found to be satisfying the health needs of the population concerned. They are randomly
distributed in the study area, serving corner.

Spatial Distribution of Primary Health Care Centres, Service Access and Role of Distance in Spatial Accessibility

The spatial distribution of Primary Healthcare Centers concerning the surrounding villages and their rural population presents a marked variation in its
locational pattern. Looking at the randomly distributed primary health center in the West Garo Hills district rural people are bound to have good
accessibility to healthcare facilities mostly in the southern part of the district as most of the PHC is in that area. (Fig 2). Thus, the spatial patterns of
distribution of PHC reveal that the existing locational arrangements of the Primary Healthcare centers are efficient. While on the northeastern part of
the district, people must travel quite a distance for the access of health care services it takes some time to reach the PHC to access health care services
which have a negative impact on the locational efficiency of primary health care centers.
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Fig.2 Spatial Distribution and Nearest Neighbour Analysis of PHC-Meghalaya

In the southern part, it is also revealed that the existing PHCs have a good service for the surrounding villages compared to the middle and northeastern

part of the district where people must travel quite a long distance just to access the health care services and are not efficient for the surrounding villages.

PHC:s existing in the western part of the district such as Jeldupara PHC, Selsella CHC and Bhaitbari PHC have good accessibility of healthcare services
although they are in the border areas they give enough services to the surrounding villages. At the same time PHC like Dalu CHC, Purakhasia PHC and
Kherapara PHC also have good accessibility of healthcare services, people don’t have to travel a long distance and it requires less amount of time and
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have good road connectivity to reach the PHC and access to all the health necessities. This shows how efficient the location of this PHC is for the
surrounding villages and serving them a good amount of health care services. On the other hand, Primary Health Centre such as Phulbari CHC,
Tikrikilla PHC, Dadengre CHC people surrounded by this PHC must travel a quite long distance to access the necessary healthcare services which
requires a minimum of about 30-40 minutes to reach the destination which is maybe due to bad road connectivity or due to less transport facilities
making it difficult for the people of those areas. The place is also hilly terrain areas where the construction of Primary Health Centre cannot take place
easily due to poor supply of necessities. Babadam PHC can be considered as the best location for serving the surrounding villages with equal amount of
healthcare necessities as it is in the middle where people from all the surrounding villages can equally access to the service which is efficient for the
people of that area. This shows how the distribution of Primary Health Care Center plays an important role in serving the people and how efficient it is
for the surrounding areas making it available for all kind of healthcare services.The locational efficiency of the Primary healthcare centers in the present
study thus helps towards a general understanding of the health facility locations through a series of examination of utilization patterns of the
respondents.The effect of distance on medical care utilization forms an important concern in the rural areas. Distance and its effect confirmed the
validity of inverse care law in most cases. The availability of good care tends to vary inversely with the need for it in the population served. This is
clearly revealed in the present study in many of the cases of consumer travel pattern for a particular general health service as well as for special health

care services.

This highlights the fact that mobility decreases with increase in age thus proving the hypothesis that old age groups are more likely to use local facilities.
The different utilization of special health care services of higher order can be accomplished by the differences in social status of respondents,
differences in service availability and accessibility, age differences and different service type. This point of view is clearly confirmed in the present
study while analyzing the consumer movement for special health care utilization.

Conclusion

This study concludes that the distribution of Primary Health Centers (PHCs) in the West Garo Hills District is generally adequate but reveals disparities,
particularly in the northeastern part of the district. PHCs in the western areas exhibit efficient service coverage, while those in the northeast face
accessibility challenges due to limited connectivity and fewer health centers. This uneven distribution affects accessibility, affordability, and adequacy
of healthcare for some rural populations. Enhancing accessibility in underserved areas through improved infrastructure, additional PHCs, and support
from government and NGOs can bridge these gaps, ensuring broader healthcare access across the district.
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