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Abstract 

Transportation is an essential feature of modern economics. In general terms, as an economy grows and develops, it 
becomes more dependent on its transport sector. The efficient location of any PHC center mainly depends on the 
network pattern. The study area, Kanniyakumari, is the southernmost district of Tamil Nadu. Kanyakumari District lies 
between 77°15’ and 77°36’ of eastern longitude and 8°03’ and 8°35’ of northern longitude. The study area has 83 nodes 
and 120 edges in the transport network system. The main objectives of the paper are to analyze the variation in the 
degree of connectivity, accessibility, and nodal efficiency of the network pattern and to assess the relationship between 
road network structure and the location of the PHC center. (Primary Health Care). The present study depends on 
secondary data. The secondary sources were collected from various transport offices and institutions. Cartography 
mapping and buffer analysis are used by GIS software. The quantitative research approaches in network analysis were 
measures to determine the spatial structure, associate number, route development, nodal efficiency, and accessibility 
of a given PHC location. The Shimbels shortest path matrix was used to identify the health centrality of a node in the 
network, and its minimum accessibility was found for each PHC center. The detour index was computed based on 
knowing the route for existing network systems. The present study aims to understand the characteristics of the road 
transport network in relation to the structural location of the PHC of connectivity, accessibility, and route efficiency in 
Kanniyakumari district. 
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1. Introduction

The character of transportation as a whole in detail at any particular time and throughout its history is altogether 
determined by its interrelation with physical and social forces and conditions(1). To understand transportation means 
simply analyzing these interrelations. Transport is employed to overcome distance. It is one of the basic requirements 
for each region. The manner in which the places within an area are connected with each other reflects socio-economic 
well-being, particularly the health location of that area(2,3,4,5). The utilization of resources and the availability of 
various health facilities and services in an area largely depends on the degree of accessibility of the centers to the 
surrounding villages (6,7,8). The "node-linkage" association of the transportation network is an important aspect of the 
location of PHC in the understanding of the spatial organization of an area (9,10,11). An attempt is made in this paper 
to analyze the structure of accessibility of PHC location efficiency in Kanniyakumari district using matrix algebra, 
measures of graph theory, and also related accessibility.  
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In this study, stress is given to the study of spatial distribution, which is the location of health care centers in the block, 
the health services that are being provided to the people by these centers, the distance traveled to acquire health 
facilities in this block, and the infrastructure related to service personnel. The transportation network is viewed as a 
graph. It becomes useful to develop certain summary indices that can be related to the PHC location structure of the 
network (12). It has been observed that the most fundamental characteristic of a graph is the relationship between the 
edges and the vertices (with one PHC). Such a health specification can be made through a simple diagram or, even more 
compactly, by means of a health matrix (13,14,15).Under normal circumstances, there is a variation in the distribution 
of various health care facilities and services. This variation in turn affects the utilization pattern of the public, and its 
location determines the respondent ’ reference (16). In order to understand the utilization pattern of health care 
facilities by the public, an understanding of the spatial distribution of health care institutions is important (17,18).The 
spatial distribution of Kanniyakumari Block presents primary health centers and sub centers. The increasing spatial and 
social imbalance between the distribution of services and consumers results in the fact that consumers in the suburban 
zones of large cities usually have to travel long distances to gain access to hospitals. (19,20,21). 

The primary health centers with sub centers form the nucleus for a minimum scheme of health services for the rural 
community, primarily as a part of a community development program but with special emphasis on preventive 
measures and integrated health care. (22,23,24). The primary health centers function as the first anchor against disease 
and ill health in rural areas. The primary health center complex constitutes the core of the rural health services program 
in India. The primary health centers are the principle centers providing integrated health services to the rural 
population(25,26,27). They are the focal points of delivery of health and medical care services in rural areas. It is close 
to the people and offers adequate medical care services to meet the basic health needs of the rural people. 

1.1. Study area 

Kanniyakumari is the southernmost district of Tamilnadu. Kanniyakumari District lies between 77°15’ and 77°36’ of 
eastern longitude and 8°03’ and 8°35’ of northern longitude. (Fig. 1) The district is bounded by Tirunelveli District in 
the north. The southern-eastern boundary is the Gulf of Mannar. In the south and the south-southwest, the boundaries 
are the Indian Ocean and the Arabian Sea. In the west and north-west, it is bound by Kerala. The total geographical area 
of the district is 1684 km2, with a total population of 1,863,174 as per the last census. This four-block has 25 samples 
sample of primary health centers with sub centers. (Fig 2). 

 

Figure 1 Location of Study area 
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Aims and Objectives 

 The present study aims to understand the characteristics of PHC networks in relation to the structural pattern 
of connectivity, accessibility, and health care efficiency in Kanniyakumari district. 

 To study the association between road transport structural characteristics and other resource bases, the 
following objectives are framed:.  

 To analyze the variation in the degree of connectivity, accessibility, and nodal efficiency. 
 To access the relationship between road network structure and selected primary health care (PHC) 

characteristics. 

2. Methodology 

The present study mostly depends on secondary data. The secondary sources were collected from various offices and 
institutions. Road map details were obtained from the survey and land records offices at Nagercoil in Kanniyakumari 
district. The data related to the location, historical background, and industrial potential of the district has been obtained 
from the assistant director of the statistics office in Kanniyakumari district. Apart from that, health data and 
demographic details have been collected from the PHC health center. 

2.1. Techniques Applied 

In this present study, both descriptive and quantitative analysis have been used for the purpose of road network 
structural analysis. The connectivity matrix was used to show the nodal hierarchy of the study area. Shimbel's shortest 
path matrix was used to identify the centrality of a node in the network, and its minimum accessibility was found for 
each nodal point. The detour index was computed based on knowing the route sinuosity of existing network systems.  

Apart from the above-cited indices and matrices, simple statistical and cartographic techniques have been used. To 
analyze the relationship between road network characters and PHC characteristics, correlation has been used through 
SPSS software. The preparation of cartography work uses GIS software, like Arc GIS. 

 

Figure 2 Taluk wise Spatial distribution of Sample PHC 

3. Results and Discussion  

3.1. The concept of flow 

This refers simply to the movement of patients, commodities, messages, and flows, which form the most important 
aspect of the study of transportation(28,29,30). As a result of this work, geographers and allied researchers have 
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postulated a relationship between the networks. The flow pattern indicates the intensity of traffic, which emphasizes 
the traffic efficiency of the network system. (Fig 3) The volume of traffic that flows between different nodes (PHC) 
denotes the internal flow. 

 

Figure 3 Road network Structure in Kanniyakumari district 

3.2. Network as a Matrix  

Any network or an obstruction of a network, such as a graph, may be represented as a matrix. By convention, the 
horizontal rows of the vertical columns of the matrix are defined as a set of destination nodes (31,32). The number of 
rows and columns in the matrix will each correspond to the total number of primary health care centers in the network. 
Each cell in an entry in the matrix may be used to record some information on the relationship between the pains of 
nodes. Depending on the information recorded in the cells, the matrices may represent network structure or network 
flows. It is possible to derive from this matrix the measure of centrality and accessibility. 

3.3. Degree of Node (Nodal Accessibility) 

The most primitive measurement of accessibility is obtained directly from the connectivity matrix. If a linkage exists 
between any given pair of PHC, a value for it is entered in the appropriate cell. If no direct linkage exists between pairs 
of primary health care centers, then a value of zero is recorded. This is known as the connectivity matrix, or binary 
matrix. A sum of the individual rows of the matrix produces a column or vector of values. Each row sum equals the total 
number of direct linkages from a given center to the set of all other centers in the network and is defined as the degree 
of node. The higher the value of an individual node, the greater its health accessibility to all other centers. 

3.4. Associated Number 

The associated number is the highest value in a row of the shortest path matrix. The associated number provides an 
understanding of the maximum number of PHC centers from a given vertex to each of the other vertices. The lower the 
associated number, the higher the degree of accessibility, and vice versa. It refers to the maximum number of PHC from 
a given set of vertices required to reach another vertex in the network.  

The nodes with high accessibility and a high associate number, less than 550 are in Kadayal, Palappalam, 
Thricannamcode,Colachel,Athivila,Ammandivila,Manavalakurichi,Eraniel,Vallukuri,Parvathipuram,Thuckala,Azhakia
mandapam,Mulakumoodu,Kattathurai,Mekode,andAttoor.The nodes with medium accessibility are seen in 
Kuzhithura,Nagercoil,andKulasekaram,with a value ranging from 550 to 650. Mangode, Azhanchola, 
ArumanaMelpuramMaruthancode, Pacode, Kuzhithurai, Pudukode, and Perunchani. 
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The nodes with low accessibility and an associate number of more than 700 are seen in Palukal, Kaliyikavila, Chuzhal 
Karingal,Kollencode,Chenbagarammaputhur,Vellamadamputhrri,Chenbagaraman,Puthur,Manakudithurai,Marungoor,
Marthandapuram, Agastheeswaram, and Kanyakumarai. 

3.5. Shimbel Index 

This index from the sum of the values in a row of the shortest path matrix indicates the number of edges needed to 
connect any vertex with all the other vertices in the network by the shortest path, and it is considered to be the best 
measure of PHC accessibility. 

3.6. Accessibility 

This indicates the actual length required to reach all other vertices in the network from that vertex. A low value indicates 
higher health accessibility, and vice versa. (Fig4) One of the most important attributes of a transportation network 
relates to accessibility, and the geographer is particularly concerned with accessibility as a PHC location feature(33, 
34,35). Previously, we focused on various techniques for measuring the degree of completeness of links between nodes 
in a network(36). Any node that is well- connected to other nodes in a network is said to be accessible. In more complex 
networks involving many nodes and, where possible. Alternative routes between nodes make it less easy to make 
conjectures with respect to accessibility, and one has to approach the problem in a more systematic way by compiling 
a matrix. 

3.7. Accessibility can be measured topologically in three different ways 

By the shortest-path matrix, the number of arcs used in the shortest path between all possible pairs of nodes.By the 
associated number, the number of arcs needed to connect a node to the most distant node from it .The Shimbel index is 
derived from the shortest path matrix, which indicates the number of arcs needed to connect any node with all the other 
nodes in the network by the shortest path. 

 

Figure 4 Accessibility of Health care Utilization in Kanniyakumari district.. 

3.8. Detour Index 

The ideal path between two places is a straight line joining them, or, in other words, the direct distance. This path is 
seldom achieved, and the shortest path between two places is usually longer than the direct distance. The efficiency of 
a route in terms of directness is lower if the detour index is smaller. There are three types of detour indicators, which 
can be distinguished as follows:. 

 The route detour index, which measures the directness of a single route between two places. 
 The vertex detour index, which measures the directness of routes from all the vertices to all the other vertices. 
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3.9. The network detour index, which measures the directness of routes from all the vertices to all other 
vertices 

The detour index measure indicates the efficiency of healthcare in the network system (37,38,39). A high-efficiency 
network system with a range of more than 110 is found in Azhanchola, Kadayal, Mangode, Devikulam, Paluka, Melpura, 
Kaliyikavila Maruthancode., Thottoor, Chuzhal, Karingal, Paloor, Thripparapu. Medium-efficiency network system with 
a range of 110 to 130 It is seen in Edaicode, Kaliyikavila, Mangode, Marthandam, Unnamalakanda, 
Vara,Kollencode,Keezhkula,Enayamthurai,Palappura,Trikannamcode,Neyyoor,Colachel, Athivila, and Manavalakurichi. 
A low-efficiency network pattern is found in Pacode, Nullivila, and Vallukuri, with a range of more than 130(Fig 5). 

 

Figure 5 Access of Health care in the Detour Index value 

3.10. Degree of Connectivity/Degree of a Node 

The study area has 83 nodes and 120 edges in the transport network system. The degree of connectivity value (degree 
of anode) ranged from 1 to 6. The higher value (6) represents a very high degree of PHC connectivity. It denotes that 
Nagerkovil ranked first in the order of connectivity and was maximally connected with other parts of the PHC. Low 
degree of PHC connectivity is seen in Azhanchola, Mangode, Devikode, Enayamthurai,Melmidam,Pechipara,Balanore, 
Putheri, and Dharmapuram, with a value of less than 2 moderate degree for PHC connectivity seen in Main 2. Moderate 
degree of PHC connectivity is seenmainly mainly in Kadayal, Muzhukode, Kaliyikavila, Chuzhal, Maruthancode, 
Edaicode, Kollencode, Aruvikkara, Agastheeswaram, Arumana, Melpuram, and Kanyakumari, with a value between 2 
and 4. A higher degree of connectivity is seen in Kuzhithura, Nagerkovil, and Kulasekaram,with a value ranging from 
more than 4. 

3.11. Buffering  

Buffer analysis is one of the cartography methods for efficient primary health care delivery systems in the population 
of each PHC.(40,41,42) Two buffer zones are created to represent the travel pattern of each PHC in the Kanniyakumari 
district. The first buffer zone represents an area up to 500 people in the PHC. This is a highly accessible area and shows 
maximum health utilization. The second buffer represents the area up to the average distance of 1000 people from the 
area of PHC(Fig 6). The second buffer zone is less accessible compared to the first zone of maximum utilization. The 
remaining buffer zone extends from the second buffer zone up to 1000 people; this is a zone of very low accessibility. 
The patients coming from this region are usually more male patients. Females who prefer very short-distance travel 
(>64-year) also travel very short distances to reach the PHC. 
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Figure 6 Efficiency of PHC accessibility 

4. Conclusion  

The transport network in Kanniyakumari district is mainly characterized by density or efficiency in a large way. There 
are certain regions that show a density pattern in an elaborative manner, particularly in the southern region of the 
district, where the efficiency of PHC service is seen in a certain way. The study area has been mainly classified by two 
types of density patterns: high and medium. A higher flow of density patterns is mainly seen in the southern region, 
particularly in the PHC in Nagercoil, Kulasekaram, and Kuzhithura, where we can see an overflow of networks. 

A medium degree of PHC service is mainly seen in Kadayal, Muzhukode, and Kaliyakavila. Chuzhal, Maruthancode, 
Edaicode,Kollencode, Aruvikkara, Arumana, Melpuram, and Kanniyakumari, where the density pattern is not that high. 
The remaining PHC efficiency density pattern of the network is mainly seen in areas like Azhanhola, Mangode, Devicode, 
Enayamthuri, Melmidam, Pechipari, Balanore, Putheri, and Dharmapuri that have low access to PHC. 
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