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ABSTRACT 

Definition of road networks in the hilly regions is a 

difficult task due to its steep terrain and the location of 

existing settlements and public facilities. All the 

settlements and the facilities cannot be covered due to 

technical reason and need of huge resources to develop 

and operate. This paper presents a method which 

defines a suitable road network in the hilly regions of 

Nepal utilizing maximal covering location problem 

(MCLP) to identify nodal (obligatory) points. Linking 

the nodal points by the road links which cover the 

settlements and public facilities forms a basic road 

network. The paper identifies that a Minimum Spanning 

Tree (MST) of the road network is the basic level of 

road network required to cover the settlements and 

public facilities. The application of the method in the 

real-world case shows that the method is simple and 

useful to rural road network development in hilly 

regions. 
Keywords:  
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I. INTRODUCTION  

Around half of the total population of Nepal (26.5 

million) [1] live in the hilly regions. Public facilities for 

the residents who live in the regions are scattered in 

different settlements, many of them are not yet 

connected with road linkage.As a result, residents have 

difficulty in obtaining basic goods and public services 

and obstruct participating in economic and social 

activities due to the absence or presence of poor road 

connectivity. Furthermore, the number of public facilities 

are not adequate and the location of the existing facilities 

are also not in appropriate locations. 

In 2004, more than 39% population of the hilly region 

of Nepal was not connected by all-weather roads within 

4 hours walk [2]. The road network in these regions has 

been increased significantly. However, the development 

of all-weather roads has not been developed yet. The 

road networks have beenestablished in plain areas of 

Nepal (Terai) and in the limitedareas of hilly parts, 

basically in the valleys of the hills. To integrate the 

entire scattered settlements and the public facilities of the 

hills to the national road network, the extension, and 

improvement of the existing network in the areas are in a 

dire need to cope the basic level of connectivity between 

the settlements and the public facilities. 

It is obvious that development of public facilities, 

settlements and road networks should be developed in an 

integrated way. However, these issues have been studied 

in depths by the previous researchers but taking the 

issues separately.The facilities in the areas which serve 

the residents depend on the road network structure. 

When the design of the network is inappropriate, the 

services to the residents will be poor even the facilities 

are placed at the proper locations. There are several 

pieces of evidence that show a relation of the road 

network development with the location of the public 

facilities. Hence, it is important to take the road network 

and facility locations issues at the same time [3, 4]. 

Hence, both, the placing of public facilities and the 

development of the rural road networks are related issues 

and should be taken as a combined problem for the 

development of the rural areas. 

In line with this, the paper identifies a method which 

addresses both issues rural road networks covering the 

rural settlements and public facilities (e.g. health centers, 

schools, and market centers).  The proposed method 

helps to locate nodal (obligatory) points in the study 

region which cover the settlements and public facilities 

andconnecting the nodal points, a road network can be 

established considering the financial and local spatial 

constraints. 
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II. SETTINGOF NODAL (OBLIGATORY) 

POINTS  

In a hilly topography, all the required facilities do not 

exist at each settlement and it costs a lot as they are 

sparsely populated. However, the access to the public 

facilities from eachsettlementwithin a reasonable 

distance is important.Thus,it is necessary to 

identifyaplace (node) that can cover the settlements and 

the facilities within the specified periphery from the 

place. For this purpose, a grouping of settlements is 

necessary. Usually,the node is at thesettlement which lies 

at the center of the group of settlements. The grouping of 

settlements can be done based on the political 

boundaries.The nodal points can be taken as the control 

points which is subjected to be connected by road links. 

However, it is a complex task to fix the nodal pointsin 

the rugged hilly terrains. Hence, development of an 

appropriate tool can help to locate thenodal points. 

In hilly slopes,generally foot trails connectthe scattered 

settlements and some of them are connected by existing 

roads. The foot trails are the lifelines of the rural hills. 

The trails make the route much longer than the direct 

planner distance as it crisscrosses the hill slopes. Hence, 

there is no meaning of measurement of direct distances 

between settlements and facilities. The actual length of 

trails/road network should be considered to locate a 

nodal point. From the nodal point, the distance to all 

settlements and public facilities to be minimum. The 

nodal point itself is the ideal location of any facility. 

Hence, it is necessary to measure the length of trails/road 

networks to find a nodal point. A distance matrix can be 

formed after finding the lengths of the foot trails/roads 

forming of a network of settlements and public facilities. 

For an example, a ward is the lowest political unit in 

Nepal, we can take ward boundaries for the identification 

of nodal points. Generally, there are public 

administrative office, health care centers, schools and 

market centersas the public facilities within the ward. 

The network of links between the facilities and the 

settlements (distance matrix) can be formed to fix the 

nodal point in the ward.The shortest path matrix can be 

formed from the shortest distance between the node pairs 

using Floyd-Warshall algorithm [5]. 

Due to technical and financial reason, all the 

settlements and public facilities within the ward cannot 

be connected by roads. Then, the nodal point finding 

issue becomes the solution of the maximal covering 

location problem(MCLP) [6].The MCLP can utilize the 

shortest path matrix tofindthe nodal/control point for 

every ward [7]. Sometimes a single node may not cover 

the settlements and the facilities of the whole ward. In 

this situation, the problem can be solved using the same 

model adding another node. Hence, nodal points within 

the ward can be more than one. 

The use of MCLP for solving the nodal points requires 

the demarcation of maximum service distance. The limit 

of maximum distance to each type of facilities is to be 

considered because personal travel distance (time of 

travel) affects their welfare andreduces the inequality in 

reaching the public services.The goal of reducing the 

total cost in the model should not be only to increase the 

location of the facility in the populated areas which will 

punish other settlements in the outer periphery of the 

hilly areas.An upper limit of travel should not be 

exceeded for travel distance (travel time) from any 

settlement to nodal point [8,9]. However, fixing a 

maximum service distance is a political issue and 

depends on the resources for the development of the road 

networks and public facilities. 

 

III. FORMATION OF ROAD NETWORKS   

Linking all the nodal points by road link creates the 

basic network in the rural hills. This is necessary for a 

smooth flow of goods and services in the area. For this 

purpose, a Minimum Spanning Tree (MST) can be 

constructed which guarantees the connection of all the 

nodal points in the network. This is the minimum level 

of connection that can cover the settlements and public 

facilities within the region [11]. To construct an MST, a 

distance matrix can be made to the road network in the 

planning area. The links in the network are technically 

feasible new links and existing roads which can be 

developed to all-weather roads. These roads can have 

earthen, gravel or asphalt pavement surfaces. However, 

for all-weather roads, the pavement should be at least of 

gravel surface. Prim’s Algorithm [10] can be used to 

obtain the MST networkconnectingall the nodal points in 

the road network [7].  

IV. APPLICATION OF THE METHOD    

The application of the method is demonstrated in fixing 

nodal points and formation of a road network in 8 wards 

of Bhimsen Gaupalika which lies in hilly regions of 

Gorkha district of Nepal.  

Total populations in the Bhimsen Gaupalika is 25000. 

The 8 wards of the Gaupalika covers an area of 99 

square kilometer. There are67settlements scattered in the 

hilly slopes of the Gaupalika. Table 1 shows the number 

of settlements, population, and area covered by each 

ward. It is noted that Tandrang and Borlang have two 

wards and has two nodal points in each. 

From the network in each ward,distance matrix has 

been prepared, the shortest path matrix has been obtained 

using the Floyd-Warshal algorithm [5]and the nodal 
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points have been fixed.The optimum location of the 

eightnodal points one in each ward has been identified 

using the MCLP model as shown in Figure 1.  

The coverage of settlements and facilities depends on 

the set maximum travel distance. In the context of hilly 

regions of Nepal, walking distance of one hour can be 

taken as a normal travel distance [12]. Fixing maximum 

travel distance to nodal points as 4 km (about 1-hour 

walk), this area is well covered from nodal points, 85% 

to 100%.Average coverage of settlements and public 

facilities by nodal points in this area is 96% within the 

maximum travel distance as shown in Table 1. 

Table 1.Coverage of settlements by nodal points 

Wards 
Nos. of 

settlements 

Popula- 

tion 

Area 

(km2) 
Coverage 

Settlem

ents 
% 

Masel 13 4408 14.96 11 84.62 

Tandrang(2) 6 4928 15.83 6 100 

Dhawa 7 4040 16.05 6 85.71 

Baguwa 11 2246 6.34 11 100 

Asrang 13 3880 16 13 100 

Borlang (2) 17 5383 29.95 17 100 

Total 67 24885 99.13 64 96 

All nodal pointsare connected by road links forming a 

road network as discussed in section 3 above. In the area, 

most nodal points are linked to road links.The identified 

nodal points and the defined road network is shown in 

Figure 1.  

For effective distribution of goods and services, each 

nodal point has to be linked by at least one road link in 

the network. The method explained in section 3 has been 

implemented here. For this purpose, considering the 

spatial constraints, a distance matrix of Gaupalika road 

network has been prepared. An MST for the network has 

been solved using Prim Algorithm [10]. The obtained 

MST is shown in Figure 2. Obtaining the MST is a level 

of optimization to reduce the network length. Apart from 

this, this is the minimum level of connectivity required in 

this area, however with better coverage of disposal and 

public facilities than before. This process has also 

identified important road links in the network that the 

government can add scarce resources for the construction 

and maintenance of road links. Due to lack of budgets, it 

is not possible to constructall the road linkages in the 

MST as it is a costly endeavor. 
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Fig. 1. Road network in Bhimsen Gaupalika and MST 

(thick lines) of the road network 

 

The strategic network which connects the ward 

centersis shown in thick lines in Figure 2. The black 

thick lines are strategic roads Madya Pahadi Lokmarga 

and Gorkha-Arughat road which are on under 

construction and expected to be completed soon. The red 

thick lines are the remaining backbone network links to 

be developed to all weather condition to connect all the 

ward centers which is 11.09 km from Madya Pahadi 

Lokmarga (Kayapani bhanjyang) to the ward center of 

ward no 4 (Dhawa) and 9.50 km from Gorkha-Arughat 

road (Jhingate) to the ward center of ward no 8 

(Borlang). All the other ward centers lie at the Madya 

Pahadi Lokmarga and Gorkha-Arughat road links. 

Ultimately, the strategic Gaupalika road network to be 

developed at the initial phase is 20.5 km, the existing 

road links and the proposed links cover all the ward 

centers.  
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Fig. 2. Backbone road network 
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V. CONCLUSIONS    

This study shows that the use of the MCLP model can 

be used to identify nodal (obligatory) points in defining 

the rural road network, which effectively covers the 

settlements and public facilities. It can also be an 

effective tool to identify the suitable location of public 

facilities and to find the effectiveness of existing public 

facilities in rural hill areas. The connections of nodes 

make a basic rural road network in the planning area. 

The implementation of the method in Bhimsen 

Gaupalika of Gorkha district reveals that the proposed 

method is a practical and realistic to the definition of 

nodal points and road networks in the hilly areas of 

Nepal. 
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