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Abstract. 

 

The occupancy rate of public transport is a very important indicator: its low values lead to low transportation 

profitability, and high occupancy values reduce the quality of services provided to passengers. To assess the 

public transport occupancy rate, it is proposed to use the following criteria: average occupancy per flight, 

coefficient of trip capacity, passenger density coefficient. Some previous studies show that the values of the 

above criteria have different meanings in different cities. So, for example, average occupancy per flight varies 

from 15.6132 pass to 26.327 pass. Coefficient of trip capacities varies from 15.32% to 19.7%. Passenger density 

coefficient varies from 26.71% to 33.9%. It was also found that there is a significant unevenness in public 

transport occupancy rate on the hours of the day and, on some routes, on the directions of movementand on 

cities.Such recessions in the public transport occupancy rate have a negative impact on the economic 

performance of public transport. 

The purpose of this work is to summarize the results of previous studies by individual cities and toevaluate 

confirm or refute by scientific methods the effect of the number of inhabitants of a cityto the public transport 

occupancy rate. The sample consists of four cities with a population of 67,500 to 536938  inhabitants. In two of 

these cities, surveys were conducted twice: once in 2018, and the second in 2019.The total number of flights 

surveyed is 3294.Surveys were conducted on weekdays and weekends, as well as during all periods of the day. 
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1 Introduction 

 

Public transport greatly affects to the life of modern cities. Therefore, plans for its development and 

improvement should be included in sustainable urban development plans. The successful functioning of public 

transport is usually determined by its financing. The amount of income received from transportation depends on 

the number of passengers carried. Therefore, the level of public transport occupancy rate is a very important 

indicator. Low public transport occupancy rate result in low payback. On the other hand, too high values sharply 

reduce the quality of services provided to passengers, which can lead to their outflow. Therefore, the study of 

public transport occupancy rate and it management is an urgent task of our time. The purpose of this work is to 

summarize the results of assessing the public transport occupancy rate in the cities of the Republic of Belarus 

and to establish the main patterns in this field. 

 
2 LiteratureReview 

 

In [1], the occupancy rate of public transport in Slovakia is investigated. The authors indicate that changes in 

passenger demand create problems for carriers who decide to assign vehicles of a certain capacity to work on 

the route. Similar decisions are made when purchasing passenger vehicles. The authors analyzed the occupancy 

of trolleybuses on 4 city trolleybus routes. The total number of flights analyzed was 631. The authors estimated 

the degree of capacity utilization by passenger density coefficient - the ratio of the maximum passenger flow per 

flight to the bus capacity. An example of the results of a study of occupancy is shown in Fig.1. 
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Fig.1.An example of plotting the maximum capacity of trolley buses [1]. 

 

From the analysis, the authors calculated that the average passenger density coefficient on the routes considered 

is 33.43% for single vehicles and 31.83 for articulated ones [1]. Based on this analysis, the authors conclude that 

it is advisable to redistribute trolleybuses of different capacities along routes and flights. According to the 

authors, the model that will be updated over a certain period due to possible changes in demand and 

infrastructure may become future promising ways to solve the problem identified in the article. Thus, the carrier 

can appropriately respond to changes in demand to reduce the cost of transportation. 

In [2], the authors found that the Paretto law applies to the occupancy rate on many routes – only 20% of the bus 

capacity is used for 80% of the route’s route. The article [3] presents a method for assessing the public transport 

occupancy rate based on data recorded by the wait in motion system. Analysis of the measurement data allowed 

to propose the following function that describes the level of public transport occupancy [3, p. 5]: 

 Y = 152,05X + 9624,4 (1) 

whereХ – number of passengers, Y – wait of vehicle. 

 

The coefficient of determination for this expression is 0.79. The authors do not give the values of the remaining 

statistical criteria. It should be noted that the method proposed by the authors allows you to quickly and 

accurately determine the number of passengers carried between bus stops. At the same time, such installations 

are quite expensive. Also it is practically impossible to assess the change in occupancy over the length of the 

route, all the more in one day to conduct continuous surveys of passenger flow.  

In [4], is provided information about the dynamics of changes of the buses occupancy rate the the EU countries. 

The authors emphasize that the occupancy rate varies widely between Member States. For example, in the UK, a 

average about 9 people, while in France is about 25. The authors explain the differences between Member States 

by the different organization of public transport (tariffs, frequency, availability, etc.), as well form of ownership 

of bus companies. Similar studies for the USA are given in [5]. In [6], it is noted that factors affecting the 

amount of passenger traffic are: hour of the day, day of the week, and season of the year. The authors found that 

the distribution of passenger traffic along the route is subject to the Pearson distribution law. In [7], an analysis 

of the change in the population in the constituent entities of the Russian Federation in 2012 relative to 2006 was 

made, as well as a change in the number of passengers transported by rail over the same period. The results 

showed the absence of patterns in the change in traffic with a change in population. In [8], an analysis of the 

influence of various indicators on the demand for passenger transportation by rail was made. The author 

concludes that the main such factors will be the level of the region’s economy, local transport potential, 

conditions of population mobility and their income level. In [9], the authors show the existence of a relationship 

between the specific share of passengers using public road transport and the ratio of the fare to the budget of the 

cost of living. It has been established that with the growth of this ratio, the specific share of passengers using 

public road transport decreases. In the article [10], the authors show the patterns of distribution of passenger 

traffic between the stopping points of the route. I.e. knowing the passenger flow, we can estimate the number of 

passengers between each pair of stopping points on the route. In the article [11, p. 30], the authors show a model 

of the time series (trend) of annual passenger traffic from the time factor, and the Fourier series was used to 

analyze and predict intra-year fluctuations by the seasonal wave model (seasonal fluctuations). Based on the 

forecasted passenger traffic data thus obtained, the authors propose various measures to ensure profitability: 

increasing the tariff, reducing the capacity of the bus working on the route, and increasing the interval. In the 

article [12], the authors investigated the passenger flow of urban electric vehicles by combining information 

from the databases of the electronic fare payment system and navigation data from trolleybuses. As a result, the 

authors received information about changes in passenger traffic between routes by the days of the week and by 
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the hours of the day. But this information was not correlated with the capacity of public vehicles, which does not 

make it possible to calculate the public transport occupancy rate. In [13], the authors examine passenger flows 

on seasonal routes and, on their basis, make suggestions for adjusting the routes and the work schedule of 

passenger vehicles. 

It was shown for Belarus [14] that the public transport occupancy rate is low.  The passenger density coefficient 

is on average 30%, which in general is combined with the foreign experience described in [1]. In [15] it was 

shown that there is a significant unevenness in the use of passenger vehicle capacity by the hours of the day and, 

on some routes, in the directions of movement. In the [16] showed, that the level public transport occupancy rate 

is affected to the economic performance of the carrier. Thus, the public transport occupancy rate is a very 

important quantity, which determines the quality of transportation services, and also affects the economic 

efficiency of such a service. A whole series of studies to assess the public transport occupancy rate was 

conducted in some cities of Belarus, but the results have not yet been published. 

The purpose of this work is to summarize the results of previous studies by individual cities and to evaluate 

confirm or refute by scientific methods the effect of the number of inhabitants of a city to the public transport 

occupancy rate. The sample consists of four cities with a population of 67,500 to 536938  inhabitants. In two of 

these cities, surveys were conducted twice: once in 2018, and the second in 2019. The total number of flights 

surveyed is 3294. Surveys were conducted on weekdays and weekends, as well as during all periods of the day. 

 
3 Main part 

 

3.1 Criteria for evaluation of public transport occupancy rate 

The public transport occupancy rate was evaluate by the following criteria: 

- average occupancy per flight (Of), pass, - the ratio of passenger kilometers performed to the flight length; 

- the coefficient of trip capacity (Ktc) - the ratio of the passenger-kilometers of transport work performed to the 

maximum possible transport work, determined by the multiplying of the bus capacity to the trip distance; 

- passenger density coefficient (Kpd) is the ratio of the maximum passenger flow per flight  to the bus capacity.  

In previous studies, statistical characteristics of the above criteria were found for a number of Belarusian cities. 

 
3.2 Distribution of criteria for evaluating public transport occupancy rate 

 

In previous studies, it was found that the values of the criteria characterizing the degree of public transport 

occupancy rate in different cities in general are subject to the Generalized extreme value distribution. This law 

has three parameters: location (μ∈ R), scale (σ> 0) and shape (ξ∈ R).The values of these parameters for each 

criterion for evaluation of public transport occupancy rate for each city, as well as the population of cities are 

shown in Table 1. 

 

Table 1 –Values of parameters of Generalized extreme value distribution by city 
City Year 

Population 

Of, pass Ktc Kpd 

μ σ ξ μ σ ξ μ σ ξ 

Gomel 2018 
535693 19,76392 10,80863 0,02958 0,12863 0,06984 0,060989 0,22983 0,11945 0,022752 

Mogilev 2018 
381313 15,35579 9,51105 0,032155 0,12484 0,077326 0,032155 0,22567 0,12908 -0,003123 

Mogilev 2019 
383313 17,09843 10,09533 0,04104 0,13997 0,084915 0,089643 0,24797 0,143057 0,058587 

Mozyr 2018 
111733 14,27220 9,85288 0,038142 0,12993 0,084411 0,126912 0,19508 0,119999 0,100088 

Gomel 2019 
536938 16,01126 10,0575 0,154986 0,10922 0,067539 0,161011 0,18697 0,109428 0,139064 

Svetlogorsk 2018 
67500 10,33883 7,93018 0,082596 0,09874 0,078923 0,105996 0,18323 0,133110 0,132493 

 

A hypothesis was put forward on the existence of a connection between the parameters of the Generalized 

extreme value distribution and the population of the city.Figure 2 shows the range of μ for average occupancy 

per flight (Of)from the population of the city. 
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Figure 2 - Dependence μ for average occupancy per flight (Of) from the population of the city 

 

The results of the regression analysis performed in [17] are shown in table 2.  

 

Table 2 - Results of a regression analysis between μ for average occupancy per flight (Of) and the population of 

the city 

 
BETA 

 

BETA standarderror 
 

B 
 

Bstandarderror 
 

t(4) 
 

p-value 
 

intercept 
   

11,11358 1,597952 6,954890 0,002246 

P 
 

0,841660 0,270004 0,00001 0,000004 3,117220 0,035622 

 

From table 2 it can be seen that the desired dependence has the form: 

 

μ = 11,11358 + 0,00001 P    (2) 

 

For this expression, the correlation coefficient is 0.842, the coefficient of determination is 0.708. The resulting 

model is significant according to Fisher and Student's criteria. 

A similar analysis was carried out for the remaining values given in Table 1. ItsresultsareshowninTable 2. 

 

Table 2 - Results of the search for dependencies between the parameters of the law of distribution of quantities 

describing the degree of use of public transport capacity and the population of the city 

Of, pass Ktc Kpd 

μ σ ξ μ σ ξ μ σ ξ 

11,11358 + 0,00001 P 10 55,506 10 6,025 10 P     - - - - 
77.74110 1.73628Pe
  

 - 
0.463214

22.423

P
 

 

In Table 2, a dash is added in a number of cells. This means that it was not possible to obtain a significant 

statistical regression equation for the variables. However, it should be noted that the values of the correlation 

coefficient in this case exceeded 0.7. 

Analysis of the regression equations given in Table 2 showed that the parameters of the distribution law of 

generalized extreme values behave as follows: 

- location (μ) and scale (σ) grow with the growth of the population of the city; 

- shape (ξ) decreases with population growth. 

 

3.3 Dependence of the criteria for assessing the use of the capacity of passenger vehicles on the number of 

inhabitants 

 

Previous studies have evaluated the average occupancy values of passenger vehicles and their dispersion 

measures. TheirgeneralizingresultsareshowninFigure 3. 
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Figure 3 - Diagram of the range of criteria for using the capacity of passenger vehicles by city: a - average 

occupancy per flight (Of), pass; b - coefficient of trip capacity (Ktc); c - passenger density coefficient (Kpd) 

[14–16] 

 

Figure 3 shows that the average values of capacity utilization indicators for different cities are different. An 

analysis of the significance of such differences, performed using the Kruskal-Wallis Rank analysis of variance 

and the median test implemented in [17], showed that these differences are significant. 

A hypothesis was put forward about the presence of a statistical relationship between the criteria for assessing 

the level of occupancy of public transport in the city and the number of inhabitants of this city. As a graphical 

illustration of such a dependence, Figure 4 shows the scatterplots of average occupancy per flight (Of) and their 

standard deviations (Ofsd) depending on the number of city residents. 
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Figure 4 - Scatterplots of average occupancy per flight (Of) and their standard deviations (Ofsd) depending on 

the number of city residents 

 

 

Further nonlinear regression analysis implemented in [17] made it possible to obtain the following dependences: 
5

f 16,3744 1,593 10O P       (3) 

 
50,424 10 11,04

fs

79

d

7PеO        (4) 

where P is the population of the city, pers. 

 

For expression (3), the correlation coefficient is 0.89, and the determination coefficient is 0.79. For expression 

(4), such statistical characteristics are equal to 0.98 and 0.96, respectively. Both obtained regression expressions 

are significant according to Fisher's and Student's criteria.Expressions 3 and 4 show that with an increase in the 

number of city residents the average occupancy per flight (Of) and their standard deviations (Ofsd)will also 

grow. 

In a similar way, a regression analysis was carried out for the coefficient of trip capacity (Ktc)and the passenger 

density coefficient (Kpd). Based on the results of such an analysis, no significant regression models were found. 

At the same time, it should be noted that the correlation coefficients of these regression models are quite high 

(more than 0.8). 

 

4 Conclusion 

 

In this paper, a generalization of previously conducted studies aimed at assessing the degree of use of the 

capacity of passenger vehicles is made.Wherein the public transport occupancy rate was evaluate by the 

following criteria: 

- average occupancy per flight (Of), pass, - the ratio of passenger kilometers performed to the flight length; 

- the coefficient of trip capacity (Ktc) - the ratio of the passenger-kilometers of transport work performed to the 

maximum possible transport work, determined by the multiplying of the bus capacity to the trip distance; 

- passenger density coefficient (Kpd) is the ratio of the maximum passenger flow per flight  to the bus capacity. 

It was found that the values of this criteriain general are subject to the Generalized extreme value distribution. 
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Regression analysis established the relationship between the parameters of this distribution law and the 

population of the city (Table 2). 

It was also shown that the criteria for assessing the occupancy of public transport and their standard deviation 

have a positive correlation with the population of the city. At the same time, with an increase in the number of 

inhabitants, the values of such criteria also increase. 

At the same time, the occupancy rate of public transport is low, which leads to increased transportation costs. 

Therefore, further research should be directed to the development of measures to increase the criteria for 

assessing the occupancy rate of public transport. 
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