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ABSTRACT 

In general, road networks of Mongolia have not been developed in accordance with certain theoretical 

approaches to the transport network and are not economically viable. For instance, the intensity of the road 

network declines as we move away from Ulaanbaatar. Therefore, it is relevant to analyze and evaluate the 

current road network and identify opportunities for further development. The purpose of this study is to analyze 

a Mongolian road network based on the methodology of spatial analysis of the transport network and to identify 

opportunities for further development. In the spatial analysis of the Mongolian road transport network, the links 

connecting the nodes are relatively inefficient. Due to the rough terrain in the western part of the country, 

transportation time and costs have increased. Nodes around Ulaanbaatar have a good level of accessibility, and 

the further away they are, the lower the level of accessibility. 
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1. INTRODUCTION 

Mongolia is connected by paved roads from 

Ulaanbaatar to province centers, in the western and 

central verticals, and from some mining sites to 

nearby ports. These road network plans have not been 

developed with a clear theoretical approach to the 

transport network and are not economically viable. 

For instance, the traffic intensity of the road network 

decreases as we move away from Ulaanbaatar [1]. 

Therefore, it is important to analyze and evaluate the 

current road network and identify opportunities for 

further development.  

To reach the goal of the study, we need to 

conduct a spatial analysis of the road network. 

Transport network analysis methods are based on a 

graph theory. The graph theory is based on the coding 

of networks connected to the field of mathematics 

and the measurement of their properties, the purpose 

of which is to represent the structure of the network, 

not its appearance. Graphic representations consist of 

networks, nodes, and links. A network is a range of 

location systems defined as nodes. The node is the 

number of intersections and the link is the line 

between the two nodes. There are many different 

methods of analysis in the transport network, and 

each method has different approach [2; 3]. Selection 

of the method for network analysis depends on the 

purpose  of the study.  

Among the transport network methods, 

connectivity analysis is more useful. It has different 

indices, each of which has own meaning. The most 

basic characteristics of a transport network are 

measured by the Alpha Index, Beta Index, and 

Gamma Index [4]. The network (line) and junction 

(node) are required to obtain the connection index. 

These indices are useful for system and traffic 

analyses to detect changes in network structure [5; 6]. 

The beta index (β) is used to determine the level of 

road connectivity [2]. The alpha index (α) is the ratio 

of the actual number of circuits in a network to the 

maximum possible number of circuits in that 

network.  The gamma index (γ)  is a measure of the 

ratio of the number of edges in a network to the 

maximum number possible in a planar network [7; 8]. 

To analyze the network links, detour index is used. 

This index is defined as the ratio of the shortest path 

network distance to the Euclidean or straight-line 

distance between an origin and destination [5; 3]. 

A shimbel index is used in evaluating 

concentrated levels of transportation networks in 

urban transportation analysis, while stochastic time-

dependent (STD) is applied for estimating road 

network access. A low node STD value indicates a 

Advances in Engineering Research, volume 206

Proceedings of the Environmental Science and Technology International Conference (ESTIC 2021)

Copyright © 2021 The Authors. Published by Atlantis Press International B.V.
This is an open access article distributed under the CC BY-NC 4.0 license -http://creativecommons.org/licenses/by-nc/4.0/. 146



 

 

high node availability. The second method is the 

weighted average travel time (WATT); it indicates 

the importance of the road network node.  

The purpose of this study is to analyze the 

Mongolian road network based on the spatial analysis 

methods of the transport network and to determine 

the current level of development and future trends. 

2. STUDY AREA 

The total length of Mongolia's road network is 

112786.7 km. According to the above classification, 

the length of roads is 14918.7 km of international and 

national roads, 96125.3 km of local roads, 872.7 km 

of special purpose or mining roads. Ulaanbaatar city 

has  a road network of 870 km (Figure 1) [9].   

Figure 1. Current status and planning of Mongolia's road network 

In order to improve and increase the infrastructure 

network, the Mongolian Parliament and the 

Government of Mongolia are implementing the 

“State Policy on the Road Transport Sector” and the 

“Steppe Road National Program”. The document sets 

the goal of expanding the international and national 

road networks and creating a favorable environment 

for transit traffic in Mongolia to have approximately 

6,900 km of national paved roads by 2021 and 7,500 

km by 2026. However, it is uncertain whether the 

design of these roads was done on a scientific basis. 

3. METHODS 

In the present study, we used the Ministry of 

Road and Transport Development's 2020 road 

network data. The analysis was conducted according 

to the below methodological scheme (Figure 2).  

For the road network analysis, initially, we 

selected the routes to be analyzed, and then used a 

generalization method. The below steps need to be 

followed to generalize the road network. 

 Category: It identifies the object and groups it 

according to its properties. Mongolia's road 

network is divided into four categories: 

International, national, local, and special purpose 

roads. 

 Selecting: Select a specific road class according 

to the target schedule. In this study, we selected 

international and national roads. 

 Exclude: Exclude short paths of a certain length. 

  

Figure 2. Study methods scheme 

 

Categorizing Selecting Exclude 

Road network 

Generalization method 

Study results 

Network analysis 

Connectivity Network Accessibility 
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After the generalization to the road network, it is 

graphically represented using nodes (points) and links 

(straight lines). There are two basic rules to follow, 

when converting a real network into a flat graph. 

They are: 

 The most important rule is that each terminal 

and intersection point is a node. 

 Each connected node is then connected in a line 

segment. 

Spatial analysis is possible by representing the 

network graphically. Based on the graphical 

representation, the road network connection, network 

and access were analyzed. 

Alpha, beta, gamma, eta, pi index, and network 

density are used for connectivity analysis. The 

formulas and explanations for calculating the 

following indices are shown in Table 1. 

Table 1. Indexes used in connectivity analysis 

№ 
Index 

name 
Formula Description 

1 
Alpha 
index 𝛼 =

𝑒 − 𝑣 + 1

2𝑣 − 5
  (1) 

A measure of connectivity which evaluates the number of cycles in a graph in 

comparison with the maximum number of cycles. The higher the alpha index, 
the more a network is connected. Trees and simple networks will have a value 

of 0. A value of 1 indicates a completely connected network. 

2 
Beta 

index 
𝛽 =

𝑒

𝑣
      (2) 

Measures the level of connectivity in a graph and is expressed by the 

relationship between the number of links over the number of nodes. Trees and 

simple networks have Beta value of less than one. A connected network with 

one cycle has a value of 1. 

3 
Gamma 
index 

𝛾 =
𝑒

3(𝑣 − 2)
  (3) 

A measure of connectivity that considers the relationship between the number 

of observed links and the number of possible links. The value of gamma is 
between 0 and 1 where a value of 1 indicates a completely connected network 

and would be extremely unlikely. 

4 
Network 

density 
𝑁𝐷 =

𝐿

𝐴
    (4) 

Measures the territorial occupation of a transport network in terms of km of 

links per square kilometers of surface.  

5 Eta index 𝜇 =
𝐿(𝐺)

𝑒
   (5) 

 Average length per link. Adding new nodes will cause a decrease of Eta as the 

average length per link declines. Complex networks tend to have a low eta 

value. 

6 Pi index П =
𝐿

𝐷
   (6) 

The relationship between the total length of the graph and the distance along its 

diameter. A high index shows a developed network. 

*e= the number of links               v= the number of nodes 

Detour index is used for network analysis. This 

index is defined as the ratio of the shortest path 

network distance to the Euclidean or straight-line 

distance between an origin and destination [5; 3]. 

DI= 
𝑑

𝐿
                      (1)[10] 

Where: 

L= Total length of links (road network length),  

d= Euclidian distance (straight line distance between 

2 points) 

This is a measure of the efficiency of a transport 

network in terms of how well it overcomes distance 

or the friction of distance. The closer the detour index 

gets to 1, the more the network is spatially efficient. 

Networks having a detour index of 1 are rarely, if 

ever, seen and most networks would fit on an 

asymptotic curve getting close to 1, but never 

reaching it. Using the detour index makes it possible 

to evaluate the city as a whole, but it is more 

profitable to use it on a private route.  

The Shimbel index was used to analyze 

accessibility. Accessibility analysis is the collection, 

management, and analysis of spatial and non-spatial 

data [11; 12].  Shimbel index is a measure of 

accessibility representing the sum of the length of all 

shortest paths connecting all other nodes in the graph. 

[3; 5; 6; 8; 10]. The inverse measure is also called 

closeness centrality or distance centrality. 

𝐴𝑖 =  ∑ 𝑑𝑖𝑗 𝑛
𝑗=1                (8) 

Where: 

dij = shortest distance from i node to j node,  

n= number of nodes 

4. RESULTS AND DISCUSSION 

Within the framework of the study, the 

international and national roads were selected from 

the road network of Mongolia and used in the further 

analysis. The network is represented graphically by 

84 links and 63 nodes (Figure 3). 
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Figure 3. Road network graph 

There are 7 nodes in the network, including the 

capital city, 21 province capitals, 17 border crossings, 

16 soum centers, mining sites, and no settlements. 

 This indicates that the network planning is not 

fully integrated with the urban area (Figure 3). 

Table 2. Based on the above links and the number of nodes, the road network connection status 

№ Criteria 
Criteria 

value 
Description 

1 Alpha index 0.18 Low network connectivity 

2 Beta index 1.33 
The nodes are well connected to the network. Nodes are required to be 

added 

3 Gamma index 0.45 The connectivity directly to the node is moderate 

4 Network density 0.01 Low road network density  

5 Eta index 186.0 The average distance between nodes is moderate 

6 Pi index 5.2 The development of network connectivity is moderate 

4.1. Network analysis 

The detour index for the study area is 0.87 

percent. When we calculate the detour index for each 

road route, the roads in the western part of the 

country, such as the  

 

Altai Mountains and the Khangai Mountains, 

have the highest obstruction (0.80%). It increases 

travel time and cost of transporting goods and 

passengers in the western part of the country (Figure 

4). 

Figure 4. Detour index 
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4.2. Accesibility analysis 

The road network consists of 63 nodes. We 

calculated the shortest distance matrix for each of 

these nodes, and the shimbel index was used to 

estimate the node accessibility. 

As a result of the analysis, Ulaanbaatar and its 

surrounding nodes, such as Darkhan, Chinggis, 

Choir, Tsetserleg, Arvaikheer, and Erdenet, have 

good accessibility rates of less than 350, but the 

farther away from Ulaanbaatar, the lower the 

accessibility (Figure 5). It is a form of transport 

network created by radiation from a single center and 

is the least efficient version of spatial planning of a 

transport network. 

The current road network plans are designed to 

support a single-center radiated transport network, 

which makes it necessary to restructure the network.  

Figure 5. Accessibility map 

The current development trends of the road 

network, our research shows that it is developing in a 

centralized manner. This confirms other researchers’ 

results that the transport network is developing as a 

centralized model. The Government of Mongolia is 

pursuing a policy of decentralization and regional 

development. Therefore, there is a need to develop 

nodes that can compete with Ulaanbaatar in the west 

and east of the country. Therefore, the spatial 

planning of the transport network can be developed in 

a comprehensive manner in accordance with the 

development of cities and regions. To do this, it is 

necessary to consider a theoretical approach to 

development based on the axis of the transport 

network. 

5. CONCLUSIONS 

An analysis of Mongolia's road network led to the 

following conclusions. 

 In the spatial analysis of the Mongolian road 

transport network, the links connecting the nodes 

were relatively inefficient. Some of the nodes 

were located in areas where there were no 

settlements, indicating that the network planning 

was not fully integrated with the urban area.  

 Due to the rough terrain in the western part of 

the country, transportation travel time and costs 

increased.  

 Nodes around Ulaanbaatar had a good level of 

accessibility, and the further away they are, the 

lower the level of accessibility. 

The development of Mongolia's transport network 

was relatively inefficient and incoherent with regions 

and urban areas. Therefore, it is significant to use an 

axial-based model to improve the spatial structure of 

the road network. 
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