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Abstract
Objective: This study aims to analyze the spatial distribution and service coverage of Primary Health Centres (PHCs) in South West Garo Hills district, Meghalaya, North East India, using geospatial techniques to assess accessibility and planning efficiency.
Methodology: The study was conducted from March to September 2025, using secondary data from geographic, demographic, and administrative sources. Eleven PHCs were analyzed using Nearest Neighbor Analysis to determine whether their spatial arrangement was clustered, random, or dispersed, with the Nearest Neighbor Index quantifying the degree of dispersion. Thiessen Polygon analysis was employed to delineate service areas for each PHC and assess spatial coverage and locational efficiency. Geographic boundary shapefiles facilitated accurate spatial mapping.
Results: The Nearest Neighbor Index was 1.24, indicating a generally dispersed distribution, with the mean observed distance between centers (5.35 km) exceeding the expected distance (4.32 km). Thiessen Polygon analysis revealed significant variability in service areas, with some PHCs covering extensive regions, suggesting reduced accessibility, while others served smaller, more localized zones. These disparities highlight uneven health service availability, particularly in remote and geographically challenging areas.
Conclusion: The study emphasizes the need for strategic reallocation of existing PHCs and establishment of additional facilities, considering population distribution and terrain, to enhance equitable healthcare access. Geospatial analysis proves valuable for evidence-based planning, supporting targeted interventions to improve the efficiency and accessibility of rural health infrastructure.
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1. INTRODUCTION
[bookmark: _Hlk214795310]Primary Health Care (PHC) has been a cornerstone of global health initiatives since the Alma-Ata Declaration of 1978, which emphasized equitable access to essential health services through community participation and multisectoral collaboration (Danyon Dameshwa Jyrwa et al,2025; Lori Engjaipiet al, 2025;Ramphila et al, 2025; Nemaha Mate et al, 2025). Despite widespread recognition of its importance, delivering effective primary healthcare remains a significant challenge, especially in developing countries like India, where geographic, infrastructural, and socio-economic barriers limit access, particularly in remote and rural areas (Saravanabavan et al,2021;2019). Research indicates that accessibility to healthcare is influenced not only by physical distance but also by travel time and transportation availability (Agbenyo et al., 2017;Vinothini et al, 2025;2024;2022 ). Many populations depend on public health services, yet these are often unevenly distributed, leaving gaps in coverage that compel reliance on private alternatives (Kumar et al., 2004).Resource allocation efficiency of urban medical and health financial expenditure under the background of employees’ health. (Gong, & Kang, 2023) and in India, where rapid urbanization and resource constraints hinder primary healthcare development (Kumar ,2024;Kaushal Kumar 2023). Spatial analysis tools such as GIS have been employed across different regions to understand healthcare accessibility. In India demonstrated the significance of distance in healthcare utilisation among children, while highlighting how road connectivity influences access in PHC centres.(Saravanabhavan et al. 2025;2025a;2025b;2025c;2024) Similar studies in Latin America, Africa, and Asia have shown that reducing travel distances and improving transportation infrastructure can significantly enhance healthcare access (Mendoza-Gomez et al., 2022; Shaltynov et al., 2022). In high-income countries, disparities persist despite better resource distribution. For instance, measuring healthcare equity solely by doctor counts is inadequate, and remote areas still face access challenges, especially among vulnerable populations(Sheheersha&Saravanabavan,2021;Radhakrishnan, &Vaithialingam,2023; Saravanabavan, et al,2025d;2024a;2023;2006; Ryskina et al., 2021). During crises like the COVID-19 pandemic, telemedicine emerged as a vital tool to bridge access gaps, although issues of inequality and technological barriers remain (Carrillo de et al., 2022). Efforts to optimize PHC placement have involved models such as the capacitated P-median methods, which help identify optimal locations and assess accessibility more accurately in rural settings (Yanhua Gong,2023 ; Hong et al., 2023). In South Asia, stigma and lack of awareness continue to hinder mental health service utilization, but targeted awareness campaigns show promise (Devkota et al., 2021). Similarly, socio-cultural factors and systemic inefficiencies influence healthcare utilization for non-communicable diseases (Kabir et al., 2022; Vinothiniet al 2025a, 2025b). In Meghalaya’s Garo Hills, disparities are particularly stark, with some districts lacking basic healthcare infrastructure, and traditional healing practices remain integral to community health (Sangma and Jevaraaj, 2021; Lyngdoh, 2022). These disparities underscore the need for spatial analysis to better understand distribution patterns and improve service efficiency.
This study provides important insights into the spatial distribution and service coverage of Primary Health Centres (PHCs) in South West Garo Hills, a region where accessibility gaps can directly influence public health outcomes. By using geospatial techniques, the research identifies underserved areas and highlights where strategic reallocation or additional facilities may be required. These findings contribute to a better understanding of healthcare inequalities in remote and hilly regions, and they offer evidence that can guide more equitable and efficient health planning. The study therefore supports both policymakers and researchers in addressing health service disparities.
2. OBJECTIVES
This study aims to analyze the spatial distribution pattern of Primary Health Centers in the South West Garo Hills district of Meghalaya and assess the location efficiency of these centers. Through this, the research seeks to identify gaps in healthcare coverage and inform strategies for equitable health service delivery in the region.
3. Methodology
STUDY AREA
South West Garo Hills (SWGH) is one of the smallest districts of Meghalaya, created in 2012 with Ampati as its headquarters. It covers 822 sq. km and had a population of 172,495 in 2011. The district is inhabited mainly by Garos along with Koch and Hajong communities. Its landscape includes both hills and plains along the Assam–Bangladesh border.The district has a sex ratio of 942, a literacy rate of 56.7%, and a population density of 210 per sq. km. 
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Figure 1: Location of the study area
The climate is warm, humid, and receives about 2000 mm of annual rainfall. Major rivers include the Ganol, Dilni, Rongkhai, Daru, and Muji, forming a dendritic drainage pattern.Vegetation is dominated by Tropical Moist Deciduous Forests, covering about 38% of the area. Settlement patterns are mostly dispersed. Soils are deep, loamy, well-drained, and slightly acidic. Agriculture is the main livelihood, with rice as the major crop. Health facilities include 1 district hospital, 2 CHCs, 9 PHCs, and 27 sub-centres, though accessibility remains a challenge due to terrain and connectivity issues (Figure 1).
 SOURCES OF DATA
The data for this study were obtained from secondary sources to ensure a comprehensive spatial analysis of the distribution of Primary Health Centres (PHCs) in South West Garo Hills district. The list of Primary Health Centres (PHCs), including names and location was obtained from the official portal of Meghalaya Health Department. The data for the population has been taken from 2011 census. The administrative boundary shapefile including blocks and villages, were sourced from Survey of India and used for creating Nearest Neighbour Analysis and Thiessen Polygon map.  Additionally, relevant academic literature, government reports and planning documents were also referred to for context and secondary data support.
[bookmark: _GoBack]Study Protocol
The location of the PHCs will be studied using Nearest Neighbor Analysis Known as RN Statistic. This method helps to understand whether PHCs are close together, random or evenly spread or cluster. If Rn = 0, the PHCs are clustered, If Rn = 1, the PHCs are random., If Rn = 2.15, the PHCs are evenly spaced. To plan the service areas of each PHCs, The Thiessen Polygon Method will be used. This method draws shape around each PHC to show that is nearest to it. It helps to make sure that all areas get proper health services.
5. RESULT AND DISCUSSION
5.1 SPATIAL DISTRIBUTIONPATTERN OF PHC IN SOUTH WEST GARO HILLS DISTRICT
The spatial distribution of Primary Health Centre (PHCs) in the South West Garo Hills shows variation in across different areas. Most of the PHCs are concentrated in the blocks of Zikzak, Betasing and Rerapara ensuring health care access in many parts of the district. However, one area,Purakhasia block appears blank on the map in terms of PHC presence. This is because the only PHC serving the Purakhasia region is administratively part of the West Garo Hills district, even though it geographically lies closer to South West Garo Hills. As per the records of the Meghalaya Health Government, Purakhasia PHC does not fall under the jurisdiction of South West Garo Hills. Primary Health Centre is the only way people from such areas get health facilities but it’s very less and sometimes itlack to meet the needs of the rural people, since the workers and nurses are very less. For such reasons, people have to travel far away for treatment, and sometimes they cannot afford to travel far places and are unable to get the treatment they need. For such reasons, the distribution of Primary Health Centre is important in South West Garo Hills to understand the efficiency of this PHC.
5.2 LOCATION OF PRIMARY HEALTH CENTRE
[image: C:\Users\91600\AppData\Local\Microsoft\Windows\INetCache\Content.Word\LOCATIONAL.PNG]In South West Garo Hills district of Meghalaya, Primary Health Centres (PHCs) play an important role in providing basic health care to the rural population. The South West Garo Hills district is divided into four Community and Rural Development (C&RD) Blocks namely Zikzak block, Betasing block, Rerapara Block and Purakhasia block. Each block has the PHCs distributed in such a way that the health needs of the local people are met efficiently and without much travel. According to Meghalaya Health Department, there are 9 Primary Health Centres (PHCs) in the South West Garo Hills district namely Zikzak, Mellim, Betasing, Salmanpara, Garobadha, Kalaichar, Belbari, Rangsakona and Nogorpara PHC.

Figure 2: Showing the distribution of PHCs across South West Garo Hills district




5.2.1 Betasing Block
Betasing is one of the most populated blocks in district. It has 4 PHCs – Betasing PHC, Garbadha PHC, Rangsakona PHC and Belbari PHC. These PHCs are located strategically to serves the villages in the northern and central parts of the district.These health centres are located in different parts of the block and help reduce the burden on the district hospital like Civil hospital at Ampati. They provide essential services such as outpatient care, maternal and child health services, immunization and health awareness programs. 
5.2.2 Zikzak Block	
The Zikzak block lies in the southern part of the district having 4PHCs:Zikzak PHC, Kalaichar PHC, Nogorpara PHC, Salmanpara PHC. These health centres are crucial for providing medical services to border areas and remote villages. Due to the rural nature of the block, the role of these PHCs is very important in ensuring timely and accessible healthcare for the people. Services like immunization, basic treatment, delivery services and health checkups are regularly carried out at PHC.
5.2.3 Rerapara Block 
Rerapara is located in the eastern region of South West Garo Hills district and has 1PHCs.Mellim PHC. These PHCs are situated in areas with relatively lower road connectivity. They serve tribal village and help in reducing travel time to Ampati Civil Hospital. The PHCs in Rerapara block contribute significantly to improving rural health by offering preventive and curative care to people in need.
5.2.4 Purakhasia block
Purakhasia is one of the newly created blocks in South West Garo Hills, Meghalaya. Earlier this area was under West Garo Hills district and the  Purakhasia PHC was officially listed under Dalu Block in government records. However after the formation of Purakhasia C & RD block, it now falls under the administrative boundary of South West Garo Hills district. Currently the Purakhasia PHC continues to be shown under Dalu block by the Meghalaya Health Department. But on ground reality it serves the people of Purakhasia block, as it is the nearest and most accessible primary health facility in the region. Purakhasia block currently does not have a designated PHC under South West Garo Hills district. However, people from this block depends on nearby PHCs or even PHCs in West Garo Hills district like Purakhasia PHC which is geographically located under Dalu block.
5.3 NEAREST NEIGHBOR ANALYSIS
The characteristic features of spatial distribution of health care centres, which is estimated with the Nearest Neighbour Analysis.A Nearest Neighbor Analysis is a descriptive statistic that shows a pattern of locating features by comparing graphically the observed nearest neighbour distance.(Vinothini et al  2025c;2024a) That is, it describes phenomenon based on its distance from another phenomenon in space. The Nearest Neighbor Analysis do not only examine distance points, but it also examines the closest point to it.(Saravanabavan et al 2023a;2021a)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 pattern of health care centers such as primary health center and sub centers. Which could be located and pointed on maps on a particular scale nearest neighbor statistic.
RN =  Dob
Dexp
RN –    Nearest Neighbor index of spacing
Dobs - The average of the observed distance between each center and itsnearest neighbor in kms            
Dexp –The expected average distance between each center and its  nearestneighbor in Kilometers.
Dexp= 1                                        
2 N/A  N – Number of Health Centre, A – Area.
               The nearest neighbor technique involves the measurement of distance from an individual point to its nearest neighbor irrespective of any diversion (Saravanabavan,1996). A series of such distance measurement are made using all the individual points present on a randomly selected sample and the value of mean distance (Do) to 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/AT
                 Theresult is respected
                 Nearest neighbour:  0-Cluster, 1-Random,  2.15-Uniform.
Table 1; Nearest Neighbour Analysis
	Sl. No..
	Nearest Neighbour
	Distance in (CM)
	Ditance in (KM)

	1
	1-2
	02 cm
	3.50

	2
	2-3
	03 cm
	5.25

	3
	3-4
	3.2 cm
	5.60

	4
	3-5
	3.3 cm
	5.78

	5
	5-6
	3.3 cm
	5.78

	6
	6-7
	2.1 cm
	3.68

	7
	7-8
	2.8 cm
	4.90

	8
	7-9
	2.8 cm
	4.90

	9
	9-10
	2.2 cm
	3.85

	10
	9-11
	3.0 cm
	5.25


Source: Compiled by the author
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Figure 3: Map of nearest neighbor distribution in the South West Garo Hills district.
Number of PHC (n): 11; Area of study (A):822sq. km; Observed Mean Distance (dₒ): 5.349km;   Expected Mean Distance (dₑ): 4.32km;  NearestNeighbour Index (RΝ): 1.24


The spatial pattern of distribution of Primary Health Centre in South West Garo Hills district is dispersed (Figure 3).The nearest Neighbour Index ( R = 1.24) indicates that the Primary Health Centres (PHCs)  in South West Garo Hills district exhibits a dispersed spatial distribution patern. This suggests that the health services are moderately spaced across the district, helping reduce clustering and ensuring better regional accessibility. However, minor irregularities in spacing may still exist due to physical geography, settlement patterns, or administrative priorities.	
5.3.1 SPATIAL PATTERN BASED ON NEAREST NEIGHBOUR ANALYSIS
The Nearest Neighbour Analysis revealed a Nearest Neighbour Index (NNI) of 1.24 which is greater than 1, indicating a dispersed pattern spatial distribution of PHCs across the district. (Vinothini & Saravanabavan,2022;2023). Such a pattern suggests that the PHCs were planned to cover a wider geographical area so that people living in remote areas could also access health care services. The aim seems to be ensuring fair and even distribution instead of crowding services in one region.However, in terms of locational efficiency the distance between some PHCs still varies. In few places, they are closer together, while others they are far apart. This may be because of terrain, population spread or road connectivity.
5.4SERVICE AREA DELINEATION USING THIESSEN POLYGON METHOD
To complement the findings from NNA, the Thiessen Polygon Method was used to delineate the service zones of each PHC. 
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Figure 4:  Thiessen Polygon map of South West Garo Hills district
This method assigns a geographical area to each PHC based on proximity, under the assumption that people will visit the nearest available health facility(Balaji & Saravanabavan,2021;2021a).The Thiessen Polygon Method reveals the spatial coverage of each Primary Health Centre (PHCs) within South West Garo Hills (Figure 4). The polygon size directly reflects the geographic area that each PHC serves. A larger polygon size indicates a wider and less accessible services area, while smaller polygons suggest better accessibility and efficient spatial coverage.

5.4.1 Low efficiency Zone 
Salmanpara PHC and Mellim PHC occupy the largest polygons in the district. These centre covered broad and potentially scattered rural regions, where population density may be low but the physical distance to access is high. Such wide areas reflect low locational efficiency due to increased travel time and connectivity, especially during emergencies.
5.4.2 Moderate Efficiency Zones 
PHCs like Mahendraganj CHC, Nogorpara PHC, Kalaichar PHC and Zikzak PHC show moderate sized polygons reflecting a balance distribution of services. These centres are more centrally placed within their respective catchment areas, suggesting relatively better locational efficiency.
5.4.3 High Efficiency Zones 
Ampati CHC, Betasing PHC and Rangsakona PHC are located close to each other and exhibits smaller polygon sizes. This indicates high locational efficiency in these parts, where health services are accessible within shorter distances. Belbari PHC and Garobadha PHC located on the northern side, also cover smaller polygons, implying efficient coverage in the northern fringe.
5.5 OVERALL INTERPRETATION OF LOCATIONAL EFFIECIENCY
The integration of findings from the Nearest Neighbour Analysis and Thiessen Polygon Method provides a comprehensive understanding of PHC locational efficiency in South West Garo Hills:
The NNI value of 1.24 confirms that the PHCs are dispersed, which reflects moderate planning, but lacks strong alignment with population needs or spatial equity.
The Thiessen Polygon analysis reveals disparity in catchment areas, with certain regions being underserved due to wide spatial gaps between health facilities.
Together, these findings suggest that the present distribution of PHCs only partially meets the criteria for spatial efficiency. The network covers the district in a broad sense but fails to ensure uniform access to all population groups, especially those in isolated or geographically challenging areas.
6. CONCLUSION
The study assessed how Primary Health Centres (PHCs) are distributed and how effectively they serve the South West Garo Hills district. Although the PHCs show a dispersed and fairly even distribution pattern, accessibility varies across the region. Central PHCs like Ampati and Zikzak serve smaller, well-connected areas and are more efficient, while PHCs such as Mellim and Salmanpara cover large areas, making access difficult for remote populations. A major issue was found in Purakhasia Block, where outdated boundaries place its PHC under West Garo Hills, leading to administrative confusion and poor service delivery.The study concludes that updating district boundaries, improving connectivity, strengthening PHCs with large coverage areas, clarifying jurisdictional issues, and using GIS for planning can significantly improve health service accessibility. Overall, the research provides a base for further studies on health infrastructure and spatial planning in the district.
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