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Abstract. The relevance of the issue under study stems from the lack of a 
method and indicators for determining the population’s level of transport 
mobility. The purpose of the article is to develop a method for assessing the 
level of transport mobility. The analysis of studies on the quality of transport 
services has shown lack of attention to mobility as a public transport service 
for the public. There are currently no science-based criteria for assessing the 
mobility level of convenience for passengers who use various modes of 
public transport for their trips. The use of a transport mobility index will 
improve both the quality of passenger transport and the overall level of 
transport services. The developed method for assessing the level of transport 
mobility will allow researchers to look into the dynamics of the indicators 
and plan improvements to transport service quality. The presence of a well-
developed metro network (more than one line) in cities provides a transport 
mobility index above 0.5, according to the study of Russia’s largest cities’ 
transport mobility index. Following the example of Rostov-on-Don, which 
has the smallest area of the cities under study, a high transport mobility index 
of 0.6 can be achieved through optimal organization of public transport 
within the city and without a metro network. The existence of lengthy 
dedicated public transport lanes does not guarantee a high index of urban 
mobility, as in Kazan. This is due to a predominance of bus lanes being 
introduced in the central part of the city: this does not allow the outlying 
areas and the city as a whole to be given a high level of transport mobility.  
Keywords. Transport planning, transport mobility index, public transport, 
metro, shuttle buses, bus lane. 

1 Introduction 
Historically, towns grew up at the crossroads of trade routes and eventually became major 
transport hubs. Cities have retained their importance as transport hubs in today's world, but 
with the advancement of engineering and technology in various fields of the national 
economy and population growth, cities have developed their own internal urban transport 
system featured by a one-of-a-kind street and road network (SRN) structure. Each city has 
connections to other cities, and the larger the city, the more passenger and freight interactions 
it has. The concern emerges from connecting external roads to the urban SRN. 

Only some part of the traffic entering the city from the offsite roads has a destination 
within the city limits. The rest of the traffic is in transit as it passes through the city. 
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The challenge is that local and transit traffic must be separated, and offsite traffic flows 
must be connected to the urban SRN safely and efficiently.  

The principal diagrams for linking offsite roads to the urban SRN are shown in Fig. 1, 
depending on the availability of transit traffic:  

- excluded; 
- partial; 
- maximum. 
 

 
a) transit excluded b) partial transit c) maximum transit 

Fig. 1. Diagrams of offsite roads connections with urban SRN (illustration by the authors). 

The economic justification for roundabouts and bypasses can be determined by 
calculating the total transport effect, which is based on the reduction of total costs associated 
with driving time and excessive mileage of vehicles. 

The route for transit traffic through the city (Fig. 1b) in its diameter direction is shorter 
than that of a bypass road. However, the travel time for such traffic will be much longer due 
to delays at intersections, resulting in low traffic speeds on the urban SRN. The feasibility of 
a bypass arises when there is a noticeable difference in traffic speeds (1.5-2 times) between 
the bypass and the urban SRN. 

This condition is almost always met in large cities, where the average speed is 25-30 
km/h, whereas on a bypass road the average speed is at least 60 km/h if the intersections are 
multi-level. It is at least 50 km/h for roundabouts or regulated intersections. Furthermore, 
bypass roads can be used to build transport links between the city’s outskirts, making these 
roads more economically viable. 

The operation and development of urban transport systems are only possible if the 
primary issues of road transport are resolved and the adverse effects on the society resulting 
from the road traffic are minimized. The main issues that road transport may pose are: 

1. Environmental pollution. 
2. Roads have a high accident rate. 
3. Ineffective urban planning policies for the comprehensive development of areas and 

the formation of a transport-planning framework [1-6]. 
Transport networks in most cities around the world remain underdeveloped and out of 

step with demand growth. The demand for movement arises not for the sake of movement 
itself, but to meet specific needs (work, leisure, health) and to carry out various types of 
activities in specific locations. 

Continuous maintenance of the city transport infrastructure in a usable state, as well as 
justification of investments in expanding and improving it, necessitate that the management 
decision-making process is structured with due regard for all available information on 
passenger and freight transport traffic, as well as potential trends in the further growth of 
transport processes. The task of transport planning involves the generation of relevant data 
arrays, their detailed, science-based processing, and, successful decisions on transport 
infrastructure growth based on this. 

Since there is no systemic approach to urban agglomeration transport planning, various 
modes of transport are only viewed in isolation. Many important interrelationships between 
elements of the transport infrastructure may be overlooked by decision-makers in the 
future due to such a planning approach, resulting in incorrect conclusions. 

Research in transport planning and the development of transport systems has been the 
subject of scientific papers by E.M. Lobanov, V.V. Cherepanov, V.V. Silyanov [7], A.E. 
Gorev, V.V. Zyryanov [8], M.Ya. Blinkin, M.R. Yakimov [9-13]. 

In present-day society, ensuring mobility has become a necessity. Mobility, in its broadest 
sense, refers to the capacity of communicating spatially, mentally, socially, and 
professionally. Transport mobility is the ability to transfer people in space. Increased 
mobility, on the other hand, is still at odds with the capacity of relevant infrastructures.  

Cities with a mixed-mode transport system give all people, not just car owners, access to 
mobility. In such cities, all citizens have access to alternative modes of transport, including those 
that are not dependent on traffic congestion on the streets and roads. Finally, mobility (which is 
typically very high in car-oriented cities) is much less important than accessibility, i.e., the ability 
to move between various locations where everyday activities of people take place [14-17].  

Most people seek their privacy, but this aspiration should not be absolutized. Total privacy 
means no contact with others. Humans, on the other hand, are social creatures who choose to 
live in cities where they can communicate with other people. Public life is much more 
constrained in agglomerations geared toward a near-total predominance of car commuting than 
in cities where different modes of transport coexist. As a matter of fact, the use of a mixed land-
use model, humanitarian-oriented planning solutions for residential and business growth, and 
the arrangement of pedestrian zones, all encourage the activation of public life [18]. 

Increasing mobility when buying cars leads to a dead end because, even in the absence of 
financial constraints, it is difficult to build an adequate transport network due to a shortage 
of accessible spaces and the environmental implications. The main global environmental 
effect of extensive car use has been the warming of our planet's climate, along with industrial 
and agricultural activities. 

In this context, the transport policy of the cities and towns in the world that have passed 
motorization levels of more than 300 cars per 1000 residents has set out to develop public transport 
with a high level of service while discouraging the use of private (individual) transport. 

The development of public transport is closely related to the need of reducing the costs 
of society to maintain the population required level of mobility. The need for additional 
resources cannot be met by unlimited increase in costs while improving the quality of life. 
As a result, efforts must be made to lower resource consumption costs, particularly in the 
transport and energy sectors. 

Let us consider a study of transport systems in Russian cities. 
The renowned consultancy Arthur D. Little has published a report on the mobility of modern 

cities and future projections. The document evaluated the ease of movement in 84 of the world's 
largest cities based on 19 different criteria. The top ten most mobile cities are Hong Kong (58.2), 
Stockholm (57.4), Amsterdam (57.2), Copenhagen (56.4), Vienna (56), Singapore (55.6), Paris 
(55.4), Zurich (55), London (53.2) and Helsinki (53.1). Moscow and Toronto each scored 44 
and St. Petersburg - 43.4. The mobility levels and targets of mobility development in 2011 were 
determined by analyzing the situation in 66 cities around the world and assigning mobility 
indices to them. In 2013, the list was expanded to 84 cities, which were evaluated using a 100-
score scale and 19 criteria, 11 of which reflect the level of development of the city transport 
system in terms of consistency of different public transport modes, traffic unit trip intervals, 
and consumer qualities, also including average trip time. Besides, the evaluation took into 
account pollution and the cities pursuit of more efficient transport networks. 

On July 19, 2018, McKinsey & Company, an international management consultancy, 
launched its report «transport Systems in 24 Global Cities: The Ingredients for Success». The 
purpose of the three-month study was to provide a comprehensive assessment of urban 
transport systems in terms of both objective indicators and residents perceptions. McKinsey 
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experts compared 24 cities globally across five dimensions that affect the quality of life: 
accessibility of infrastructure, affordability, efficiency, convenience, and safety of various 
modes of transport. The study identified 10 metropolitan cities with the most developed 
transport systems: Singapore (64.1%), Paris (62.1%), Hong Kong (60.0%), London (58.0%), 
Madrid (57.2%), Moscow (56.1), Chicago (55.6%), Seoul (54.7%), New York (54.6%), and 
Milan (54.1%). Moscow ranked sixth in the overall transport ranking, with Singapore, 
Greater Paris, and Hong Kong in the top three. Next are London, Madrid, Chicago, Seoul, 
New York, and Milan (with the province of the same name). At the same time, Moscow 
ranked fourth in the public transport ranking, while the Russian capital did not make it into 
the top ten in the ranking of individual transport systems. The leaders here were Madrid, 
Toronto, and Singapore. Moscow (68.1%) came in second place in the transport efficiency 
ranking, with Russia beating the leader, Singapore (65.2). Seoul came first (68.7%). The 
leaders in transport safety were Paris, Hong Kong, and Singapore.  

SIMETRA analyzed the performance of transport systems in 60 major Russian cities and 
ranked the quality of public transport. Because of their major differences from other cities, 
Moscow and St. Petersburg were excluded from the study. The company experts analyzed 
five groups of parameters: physical and cost accessibility for the public, transport network 
efficiency, ride comfort, and safety. Yekaterinburg (73.5) topped the Top-10 rating, followed 
by Izhevsk (70.6), Samara (69.3), Kazan (68.8), Volgograd (65.1), Novgorod (64.9), 
Novosibirsk (64.0), and Perm (63.4). Novgorod (64.9), Novosibirsk (64.0), Kirov (64.0), 
Perm (63.4), with Chelyabinsk coming 11th (62.3), Osmk (59.6) 16th, Rostov-on-Don 21st 
(57.6), Krasnoyarsk 25th (56.6), Ufa 32nd (55.5), and Voronezh 58th (46.9) [19]. 

In terms of length of bus lanes (BL), Russian cities were ranked according to 2019 data 
as shown below (Table 1).  

Table 1. Length of bus lanes of Russian cities. 

Seq. 
No. City BL length (km) Relative BL length per 1000 inhabitants, 

(m/1000 persons) 
1 Kazan 182.4 146.7 
2 Naberezhnye Chelny 49.0 92.0 
3 Moscow 667.3 53.4 
4 Krasnoyarsk 51.4 47.1 
5 Rostov-on-Don 29.5 26.1 
6 Krasnodar 22.1 24.6 
7 Tyumen 16.3 21.2 
8 Cherepovets 6.1 19.0 
9 Khimki 4.7 18.7 

10 Orenburg 9.9 17.5 
11 Cheboksary 8.6 17.4 
12 Veliky Novgorod 3.5 15.5 
13 Ufa 16.6 14.8 
14 Volgograd 13.1 12.9 
15 Izhevsk 8.2 12.6 
20 Perm 11.6 11.0 
23 Saint-Petersburg 51.2 9.6 
25 Samara 9.5 8.2 
27 Novosibirsk 11.2 7.0 
28 Ekaterinburg 9.8 6.6 
31 Omsk 3.9 3.3 
36 Nizhny Novgorod 2.6 2.1 
38 Chelyabinsk 2.1 1.7 
Table 2 shows a list of metro systems and high-speed electric transport in Russian cities. 

Table 2. Underground and high-speed tramway lengths in Russian cities. 

Seq. 
No. Metro system Network length (km) Lines Stations 

1 Moscow (with MCC and overhead 
monorail conveyors) 408.1 (466.8) 15 (17) 238 (275) 

2 St. Petersburg 124.8 5 72 
3 Nizhny Novgorod 21.82 2 15 
4 Volgograd (high-speed tram) 17.3 1 22 
5 Kazan 16.77 1 11 
6 Novosibirsk 15.9 2 13 
7 Yekaterinburg 12.7 1 9 
8 Samara 12.6 1 10 
 
The issues of passenger transport organization and safe traffic are addressed in some 

scientific works by V.V. Silyanov [20], A.E. Gorev, V.A. Gudkov, V.V. Zyryanov, V.A. 
Korchagin, L.B. Mirotin, A.N. Novikov [21], I.V. Spirin, S.A. Shiryaev, N.N. Yakunin [22], 
N.V. Yakunina [23] et al. 

As the role of urban passenger transport in achieving efficient mobility changes, so does 
the assessment of its performance. Whereas the key criterion for assessing it until now were 
such indicators as total mileage, amount of work performed, etc., parameters related to 
meeting the population need for transport services, such as travel speed, average daily 
commuting time, etc., must now be applied for evaluation. With this in mind, the role of 
marketing as a key tool for the design of integrated transport systems is rising in importance. 
In such systems, different modes of transport are used in an integrated manner to provide the 
population with the most efficient mobility. For example, many major airports have 
established express off-street transport systems to take passengers to central city locations, 
thus reducing overall passenger trip time. 

To investigate the level of transport mobility, Table 3 provides a classification according 
to the population size of the cities. A further study focuses on the category of super-large and 
major Russian cities with populations exceeding one million people. 

Table 3. Urban classification by population size. 

Class Population, thousand inhabitants 
Giant over 5000 
Super large 1000 to 5000 
Large 500 to 1000 
Big 250 to 500 
Medium 100 to 250 
Towns 50 to 100 
Villages 10 to 50 
Settlements up to 10 

 
Let us calculate the estimated transport mobility of Russian largest cities, to which urban 

settlements with a population of more than 1 million people belong, according to the method developed. 

2 Methods  
The Index of Transport Mobility (ITM) is the ratio of the average commuting time by private 
car (𝑡𝑡�̅) to the average commuting time by public transport (𝑡𝑡�̅):  

𝑀𝑀т =  �̅л
�̅о

. (1) 
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The routes for determining the city index of transport mobility are the way from the city 
center to the city limits (the nearest public transport stop to the city limits) along the main 
radial traffic routes in the city (Fig. 2). 

 

 
Fig. 2. The route for determining the index of transport mobility in Kazan (illustration made by the authors). 

For road and urban public transport, it is recommended to calculate travel times based on 
public mapping services (e.g., Yandex and Google) that provide information on the actual traffic 
situation rather than at peak times during the day, when public transport is operating normally. 

It is suggested that the level of transport mobility (LTM) is to be assessed based on the 
following values of the index of transport mobility (Table 4). 

Table 4. Levels of transport mobility. 

Level of transport mobility (LTM) Index of transport mobility (ITM) 
A more than 1.0 
B 0.81-1.0 
C 0.61-0.8 
D 0.41-0.6 
E 0.21-0.4 
F less than 0.2 

 
The index of transport mobility can also be defined for other traffic parameters such as 

trip speed, cost, etc. as an additional criterion. 

3 Results and discussions 
Let us calculate the index of transport mobility of Russian largest cities (Table 5). 

As a result of the index of transport mobility calculation according to Table 5, the level 
of transport mobility of the cities was assigned and the rating of the cities was made. 

Moscow has the highest index of transport mobility (0.81), which is also supported by the 
studies of the world cities discussed above. The second and third places are shared by 
Novosibirsk and Rostov-on-Don with an index of transport mobility of 0.60. St. Petersburg 
(0.54) ranked only 4th, despite its level of wealth and availability of a metro network. Next 
comes Ufa (0.52), Novgorod (0.51), Volgograd (0.50), Krasnoyarsk (0.48), Perm (0.48), 
Samara (0.47) and Voronezh (0.44). 

The cities of Yekaterinburg (0.40), Chelyabinsk (0.39), Omsk (0.38) have very low 
transport mobility levels (D); and Kazan with an index of transport mobility of 0.35 is at the 
bottom of the list, despite being second only to Moscow in terms of bus lanes (approximately 
182 km) and ongoing development of Kazan metro network. 

Table 5. Indices and levels of transport mobility of Russian super large and giant cities. 

Location City Area 
(km2) 

Population  
as of January 1, 2020 

(in thousands of 
persons) 

Index of 
transport 
mobility 
(ITM) 

Level of 
transport 
mobility 
(LTM) 

1 Moscow 2551.9 12 678 0.81 B 
2 Saint-Petersburg 1439.0 5 398 0.54 D 
3 Novosibirsk 506.67 1 625 0.60 D 
4 Ekaterinburg 468 1 493 0.40 E 
5 Kazan 614.16 1 257 0.35 E 
6 Nizhny Novgorod 466.5 1 252 0.51 D 
7 Chelyabinsk 501.57 1 196 0.39 E 
8 Samara 541.38 1 156 0.47 D 
9 Omsk 566.9 1 154 0.38 E 

10 Rostov-on-Don 348.5 1 137 0.60 D 
11 Ufa 707.93 1 128 0.52 D 
12 Krasnoyarsk 353.9 1 093 0.48 D 
13 Voronezh 596.51 1 058 0.44 D 
14 Perm 801.44 1 055 0.48 D 
15 Volgograd 859.35 1 008 0.50 D 

4 Conclusions 
1. The recent research makes it possible to assess the level of transport mobility, while taking 
into account the structure of the transport systems of the largest and super-large cities. 

2. The results of transport mobility levels obtained enable a comparative analysis to 
evaluate the performance of urban public transport systems and to identify long-term areas 
for growth. 

3. A high level of transport mobility in a large city can be achieved without a well-
developed tram network. 

4. The large length of bus lanes is not indicative of a high level of transport mobility in 
large cities. 
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The routes for determining the city index of transport mobility are the way from the city 
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radial traffic routes in the city (Fig. 2). 
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