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Abstract

The degree of utilization of passenger vehicle capacity
affects the economic component of public transport
operation. This is due to the fact that it depends on the
number of passengers transported, as well as on the capacity
of the passenger vehicle used for transportation. One of the
tasks formulated in the state program of transport
development of the Republic of Belarus is to achieve full
self-sufficiency of public transport operation. One of the
ways to achieve this goal can be maximizing the degree of
use of passenger vehicle capacity by ensuring its compliance

In this paper, based on the values of passenger flows in one
of the cities of Belarus, obtained as a result of field
observations in 2019 and 2024, we calculate an indicator
that assesses the degree of utilization of passenger vehicle
capacity, the factors that determine it, and the regularities of
its change. Based on such calculations, the feasibility of
creating a new public transport management technology
based on daily forecasting of passenger traffic and
distribution of passenger vehicles of different capacity to the
routes taking this into account is shown.

with the existing parameters of passenger flow.
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1. Introduction

Public transportation (PT) plays a huge role in the life of modern cities. Scientific works show that a significant share of urban
travel is made by PT:

»  40.5% of residents of 7 European cities report daily or almost daily use of PT for traveling [;

= 68% of all trips in Gomel are made using PT [2;

= 49% of employees travel to work by bus [,

A number of works show the impact of PT on urban life €1, economy "1, ecology 1292, road safety [*33 public health [26-18]
sustainable development %21, At the same time, the payback of PT operation is not high and is about 70% for the conditions
of the Republic of Belarus 2. At the same time, in Belarus by the end of 2025 it is necessary to ensure the payback of
transportation by own revenues of transport organizations [23, Annex 5, p.7]. At present, in practice, cost reduction is actually
achieved by reducing the number of flights, which negatively affects the quality of services provided by PT and leads to the
outflow of passenger traffic and increase in the intensity of personal transport use.

At the same time, a number of studies have shown the existence of a relationship between the occupancy of passenger vehicles
(PV) and the payback of their work %1 which determines the expediency of increasing the degree of utilization of PV
capacity to achieve the task of reaching the self-sufficiency of PT work.

The issues of assessing the efficiency of PV capacity utilization are reflected in many scientific works. Thus, in 28 the authors
found out that Paretto's law applies to the occupancy rate on many routes - only 20% of the bus capacity is used along 80% of
the route. In ?7], the authors emphasize that occupancy rates for buses vary greatly between European Union states. For
example, in the UK a bus transports on average about 9 people, while in France this figure is about 25. The authors attribute
the differences between states to the different organization of PT work, as well as the form of ownership. Similar studies with
the same conclusions for the USA are given in 281, They also note the low efficiency of passenger vehicle capacity utilization.
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For the conditions of the Republic of Belarus it is
established that the level of PV capacity utilization is low,
with the passenger load factor averaging 30% [2°I. It is also
shown that there is a significant unevenness of PV capacity
utilization by routes, hours of the day on the route and, on
some routes, by directions of movement [50-32],

This article presents the results of research of passenger
flows in Mozyr, obtained from field observations conducted
in 2019 and 2024. On their basis, we calculate the indicator
that assesses the degree of utilization of PV capacity, show
the factors that determine it, and establish the established
regularities of its changes. On the basis of the calculations, a
proposal to improve the efficiency of PT operation is
formulated.

2. Investigation of uneven utilisation of PV capacity

To assess the degree of utilisation of PV capacity, the
passenger load factor criterion was used - the ratio of
maximum passenger traffic per trip (passenger load) to bus
capacity. To calculate it, a survey of passenger flows in
Mozyr city was made in 2019 and 2024. Such a survey is
done by direct counting of the number of inbound and
outbound passengers at each stop by the counting staff. The
total number of surveyed flights is equal to 659 in 2019 and
781 in 2024. The main statistical characteristics of passenger
load obtained are summarised in Table 1.

Table 1: Passenger load values
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2019| 659 |0,277/0,24/0,0095|1,18|0,177|1,566/0,095|3,591|0,190
2024| 781 |0,271/0,21] 0,00 |1,06/0,219|1,537/0,088|2,369|0,175

The evaluation of descriptive statistics shows that the
distribution of the studied random variables is different from
the normal law. To assess the normality of the distribution,
the histograms of the frequency distribution of the studied
quantities, their normal-probability plots and box plots of
the spread were also analysed. All the tests performed
showed that the distribution of the studied quantities is
different from normal, which is in agreement with previous
studies [3-%2,

The results of distribution fitting in B3 using p-values of
Kolmogorov-Smirnov, Anderson-Darling and Chi-square
criteria, showed that the studied random variables are
distributed according to the generalised extreme value
distribution law, which also agrees with the previously
obtained data.

To calculate the average values of the passenger load factor
in Mozyr, as well as their marginal absolute error, the
methodology given in 2 was used. The results of such
calculations showed that the marginal error is 1.7 % for both
observations.
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It was hypothesised that there were significant differences in
the passenger load factor (P) by year. The corresponding
scatter diagram is shown in Fig 1.
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Fig 1: Diagram of passenger load factor (P) values by years

To assess the significance of differences in two samples of
passenger load factors values, we used non-parametric
criteria for assessing the significance of differences in two
independent samples (Wald-Wolfowitz, Kolmagorova-
Smirnov and Mann-Whitney U test) implemented in 31, The
results of their calculation allow us to conclude that the
differences in the mean values of the analysed indicators by
all statistical criteria are significant. That is, the values of
the passenger load factor in the city of Mozyr in 2019 and
2024 are significantly different from each other.

The hypothesis was also put forward that there are
significant differences in the values of the passenger load
factor in Mozyr by route and by time of day. When
assessing the significance of differences in passenger load
factors by route and by time of day, the Kraskell-Wallace
analysis of variance, median test, comparison of mean ranks
for all groups, implemented in 3, were used. The Wald-
Wolfowitz test, Kolmogorov-Smirnov test, Mana-Whitney
U-test, implemented in 3 were used to assess the
significance of differences by direction of travel on each
route.

The results of calculations show that the values of passenger
load coefficients differ significantly by traffic routes and by
hours of the day for all statistical criteria used. It can also be
seen that the 2024 route network differs from the 2019 route
network, i.e. some optimisation has been made over the
five-year period. In addition, in 2019 there were 1,276
flights per day, while in 2024 there are 909 flights per day.
On the background of such transformations, the payback
value has not changed, which against the background of a
significant decrease in the passenger load factor shows the
need to develop measures to increase the utilisation of PV
capacity.

Fig 2 shows a histogram of the distribution of Passenger
capacity and bus capacity by trips.
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Fig 2: Diagram of passenger capacity and bus capacity

Fig 2 shows that the overwhelming number of trips is
performed by buses with a capacity of 80 to 100 passengers
(47%) and 160 to 180 passengers (48%). At the same time,
passenger capacity of 80 to 180 passengers is observed only
in 3 per cent of trips. The vast majority of flights (76 %)
have a passenger load of less than 40 passengers. At the
same time, the share of trips performed by buses with a
capacity of up to 40 passengers is about 7%.

Similarly, it was found that there is a mismatch (excess)
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between bus capacity and passenger load both by route and
by hour of the day. All this makes it advisable to implement
a reasonable bus procurement policy and bus management
technology, including the allocation of buses to routes,
taking into account the minimisation of the difference
between their capacity and passenger load.

3. Uneven passenger traffic

It should be noted that the data shown in Figures 1-2 are
obtained based on the study of passenger flows for 1 day. At
the same time, it has been established 4 that the volume of
traffic, and therefore the passenger load factor, is variable
and depends on the day of the week, month of the year,
calendar year, type of day of the week (holiday/weekend),
precipitation, wind, and air temperature. This necessitates
the study of relevant dependencies and the accumulation of
certain data. Therefore, a new technology for organising PT
operation is proposed 3, which assumes the availability of
retrospective data on passenger capacity on each flight of
each route and the factors influencing it, as well as
appropriate formalised dependencies describing such
influence. On the basis of such data it is proposed to forecast
daily passenger load on each flight of each route and on this
basis to assign compositions of PV modules (Fig 3) ensuring
maximum compliance with the capacity and capacity of
passenger flow.

Fig 3: Use of modular PV trains with different number of modules: a - one module during passenger traffic decline; b - three modules during
passenger traffic growth (31

To implement the proposed technology of PT operation

organisation it is necessary to:

1. Equip the PV park with sensors for passenger flow
counting.

2. Develop a software product that allows:

=  To determine the passenger load for each flight of each
route using the data of counting the number of
incoming and outgoing passengers;

= Store information on passenger load for each flight of
each route;

= Enter calendar information and weather forecasts for
each subsequent day;

= Store calendar information and weather forecasts for
each subsequent day;

= Forecast (including using data mining methods) for
each subsequent day passenger load values for each

flight of each route based on the analysis of available
passenger load information, calendar information and
weather forecasts;

= Based on the forecast passenger load values for each
flight of each route, distribute the fleet of passenger
vehicles taking into account minimising the difference
between the capacity of the PV performing the flight
and the passenger load on this flight.

This approach to organising PT work involves the use of
modern technologies such as data mining, machine learning,
big-data technologies. The general scheme of functioning of
such an intelligent PT control system assumes that daily
information from passenger counting sensors goes to the
server, where information about passenger load on each
flight of each route is extracted from it. Here, the operator
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also enters daily calendar information (day of the week, its
type, month, etc.) as well as weather forecast information
for the next day. Based on the array of such entered
information, a daily forecast of passenger load values on
each flight of each route for the next day is made. On the
basis of such forecast values, as well as taking into account
the available fleet of modular PVs, the structure of the route
transport network, the calculation of the composition of
modular PV to work on each flight of each route is made.

At the same time, it should be noted that at the moment
manufacturers do not have modular PVs in their arsenal.
Although the experience of operating trailed PVs was
successfully realised in the recent past 3381 At present,
certain works in this direction are just underway %411, but
the final mass production of such PVs is far away.
Considering the importance of the issue under consideration
and the need to improve the efficiency of PT operation, it is
currently possible to implement the proposed intelligent PV
fleet management scheme to manage not a modular PV
fleet, but a fleet of PVs with different capacities.

4. Conclusions

Thus, the conducted work allows us to formulate the

following main conclusions:

1. The values of the passenger load factor in Mozyr are
distributed according to the law "Generalisation of
extreme values" and are 0.278 for 2019 and 0.271 for
2024.

2. During the period under consideration there was a
significant decrease in the passenger load factor on the
routes of Mozyr.

3. There is a significant change in the passenger load
factor by bus routes and by hours of the day.

4. There is a discrepancy between the capacity of buses
carrying out transportations and voyage values of
passenger load, that predetermines low values of
payback of PT work.

A new technology of PT work organization is proposed,
which implies: Equipping the PV park with sensors for
passenger flow counting, development of a software
product, which allows to determine passenger load on each
flight of each route and to forecast on each following day
the values of passenger load on each flight of each route,
and then to distribute the PV park taking into account the
minimization of the difference between the capacity of the
PV performing a flight and passenger load on this flight.
Further directions of scientific works it will be expedient to
concentrate on development and development of
mathematical model of assignment of the available PV fleet
of different capacity to the flights of the routes taking into
account maximisation of PV capacity utilisation degree,
observance of labour and rest modes and other factors.

5. References

1. Mireia Gascon, Oriol Marquet, Esther Gracia-Lavedan,
Albert Ambros, Thomas Goétschi, Audrey de Nazelle, et
al. What explains public transport use? Evidence from
seven European cities, Transport Policy. 2020; 99:362-
374. ISSN 0967-070X, doi:
https://doi.org/10.1016/j.tranpol.2020.08.009

2. Azemsha S, Morozov V. Calculation of Transport
Mobility Parameters Population of G. Gomel. Vestnik
of Polotsk State University. Part B. Industry. Applied

10.

11.

12.

13.

14.

15.

16.

17.

www.multiresearchjournal.com

Sciences. 2023; (1):60-64. Doi:
https://doi.org/10.52928/2070-1616-2023-47-1-60-64
Malik FA, Bell M, Dala L, Busawon K. Modelling
transport emission of an out-of-town centre to achieve
emission reduction targets. 2021 6th International
Symposium on Environment-Friendly Energies and
Applications (EFEA), Sofia, Bulgaria, 2021, 1-7. Doi:
10.1109/EFEA49713.2021.9406268

Komsta Henryk, et al. The Role of City Public
Transport in Creating the Mobility of Its Residents.

Autobusy —  Technika  Eksploatacja  Systemy
Transportowe. 2019; 20:393-397. Doi:
10.24136/atest.2019.073

Komsta Henryk, Drozdziel Pawel, Opieclak Marek. The
role of city public transport in creating the mobility of
its residents. Autobusy - Technika Eksploatacja
Systemy Transportowe. 2019; 20:393-397. Doi:
10.24136/atest.2019.073

Das S, Das Gupta P. Role of Public Transport in Urban
Mobility - A Case Study of Kolkata, 2013.
[Onektponnbiii  pecypc]. — Pexum  gocryna:
https://www.researchgate.net/publication/299971852. —
[Hata nocryna: 24.06.2021.

Grinchenko AV, Marshkova MV. Determination of
socio-economic efficiency of passenger transport use //
T-Comm: Telecommunications and Transport. 2017;
11(2C):37-40.

Chatti Walid, Soltane Bassem, Turki Abalala. Impacts
of Public Transport Policy on City Size and Welfare.
Networks and Spatial Economics. 2019; 19. Doi:
10.1007/s11067-019-09451-y

Martin P, Rogers CA. Industrial location and public
infrastructure. J Int Econ. 1995; 39:335-351.

Basagafa X, Triguero-Mas M, Agis D, Pérez N, Reche
C, Alastuey A, et al. Effect of public transport strikes
on air pollution levels in Barcelona (Spain). Sci. Total
Environ. 2018; 610-611:1076-1082. Available from:
https://doi.org/10.1016/j.scitotenv.2017.07.263
Bauernschuster S, Hener T, Rainer H. When labor
disputes bring cities to a standstill: The impact of public
transit strikes on traffic, accidents, air pollution, and
health. Am. Econ. J. Econ. Policy. 2017; 9:1-37.
Available from: https://doi.org/10.1257/pol.20150414
Chen Y, Whalley A. Green infrastructure: The effects
of urban rail transit on air quality. Am. Econ. J. Econ.
Policy. 2012; 4:58-97. Doi:
https://doi.org/10.1257/pol.4.1.58

WHO. Global Status Report on Road Safety 2018.
Geneva, 2018. Doi: https://doi.org/.1037//0033-
2909.126.1.78

APTA. The Hidden Traffic Safety Solution: Public
Transportation, 2016.

Carrigan A, King R, Velasquez JM, Raifman M,
Duduta N. Social, Environmental and Economic
Impacts of BRT Systems: Bus Rapid Transit Case
Studies from Around the World. EMBARQ, World
Resour. Inst, 2013.

Lichtman-Sadot S. Can public transportation reduce
accidents? Evidence from the introduction of late-night
buses in Israeli cities. Reg. Sci. Urban. Econ. 2019;
74:99-117. Doi:
https://doi.org/10.1016/j.regsciurbeco.2018.11.009
Besser LM, Dannenberg AL. Walking to public transit.
Am. J. Prev. Med. 2005; 29:273-280. Doi:

617


http://www.multiresearchjournal.com/
https://www.researchgate.net/publication/299971852
https://doi.org/10.1257/pol.4.1.58
https://doi.org/.1037/0033-2909.I26.1.78
https://doi.org/.1037/0033-2909.I26.1.78
https://doi.org/10.1016/j.regsciurbeco.2018.11.009

International Journal of Advanced Multidisciplinary Research and Studies

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

https://doi.org/10.1016/j.ampre.2005.06.010

Chaix B, Kestens Y, Duncan S, Merrien C, Thierry B,
Pannier B. et al. Active transportation and public
transportation use to achieve physical activity
recommendations? A combined GPS, accelerometer,
and mobility survey study. Int. J. Behav. Nutr. Phys.
Act. 2014, 11:1-11. Doi:
https://doi.org/10.1186/s12966-014-0124-x

Barinova LD. The role of urban public transport in
achieving the Sustainable Development Goals Agenda
2030. Trends in the Development of Science and
Education. 2018; 43-8:47-52. Doi: 10.18411/1j-10-
2018-193.

Sustainable Mobility for All// snekrponHslli pecypc,
URL: http://www.sumdall.org/publications/global-
mobility-report-2017, nata o6pamenust 11.09.2018

Key world energy statistics// caiitr IEA, URL:
https://www.iea.org/
publications/freepublications/publication/KeyWorld201
6.pdf, nara ob6pamenus 12.10.2020

Azemsha S, Kapskiy D. Statistical Study of Return of
Work City Passenger Transport Regular
Messages. Vestnik of Polotsk State University. Part B.
Industry. Applied Sciences. 2020; 11:70-77. Retrieved
from: https://journals.psu.by/industry/article/view/565
On the State Programme "Transport Complex" for
2021-2025 years [Electronic resource]: Resolution of
the Council of Ministers of the Republic of Belarus, 23
March 2021, No. 165 (as amended by the Resolution of
the Council of Ministers of the Republic of Belarus of
29 December 2023, No. 1001) // ETALON. Legislation
of the Republic of Belarus / National Centre for Legal
Information. Republic of Belarus. - Minsk, 2024.
Azemsha SA. Development of Proposals to Improve the
Efficiency of Public Urban Passenger Transport. The
Russian Automobile and Highway Industry Journal.
2019; 16(5):544-557. Doi:
https://doi.org/10.26518/2071-7296-2019-5-544-557
Azemsha SA. Justification of the optimal module
capacity in the passenger vehicle for regular urban
transportation. Transport of the Urals. 2023; 2(77):71-
78. Doi: 10.20291/1815-9400-2023-2-71-78
Caio Ponte. Traveling heterogeneity in
transportation.
https://epjdatascience.springeropen.com/articles/10.114
0/epjds/s13688-018-0172-6

Adra N, Michaux JL, Michel Andre. Analysis of the
load factor and the empty running rate for road
transport. Artemis: Assessment and reliability of
transport emission models and inventory systems.
Rapport de recherché, 2004, 31. <hal-00546125>
https://www.researchgate.net/publication/277183200_A
nalysis_of_the_load_factor_and_the_empty_running_ra
te_for_road_transport_Artemis_-
_assessment_and_reliability_of transport_emission_mo
dels_and_inventory_systems

Average Vehicle Occupancy Factors for Computing
Travel Time.
https://www.fhwa.dot.gov/tpm/guidance/avo_factors.pd
f.

Azemsha Siarhei. The Study of Public Transport
Occupancy Rate Patterns in Belarusian cities.
International Journal of Engineering Inventions. 2022;
11(12):128-134. E ISSN: 2278-7461, P ISSN: 2319-

public

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41,

www.multiresearchjournal.com

6491. https://ijeijournal.com/papers/Vol11l-
Issuel2/1112128134.pdf

Azemsha S, Hryshchanka T, Yasinskaya V. Research
Buses Occupancy Rate in Mogilev. Vestnik of Polotsk
State University. Part B. Industry. Applied Sciences.
2020; (11):62-69. Retrieved from:
https://journals.psu.by/industry/article/view/562
Azemsha SA. Research of bus occupancy in urban
passenger transportation in Svetlogorsk. Bulletin of
Brest State  Technical  University  "Physics,
Mathematics, Informatics". 2019; 5(118):37-40.
Azemsha S. The Study of the Trolley Buses Occupancy.
Global Journal of Management and Business Research:
F Real Estate, Event and Tourism Management. 2019;
19(1):6-15.
https://globaljournals.org/GIMBR_Volume19/2-The-
Study-of-the-Trolley-Buses.pdf

Statistica 13.3. Computer program. Serial number
JRR709H998119TE-A.

Azemsha S, Yankovich S, Petrov A. Evaluation of the
Potential to Increase Return on Work Urban Passenger
Transport Daily Passenger Volume Forecast. Vestnik of
Polotsk State University. Part B. Industry. Applied
Sciences. 2023; 2:41-49. Doi:
https://doi.org/10.52928/2070-1616-2023-48-2-41-49
Azemsha SA. Justification of the optimal module
capacity in the passenger vehicle for regular urban
transportation. Transport of the Urals. 2023; 2(77C):71-
78. Doi: 10.20291/1815-9400-2023-2-71-78.

Veklich VF. Increase of the operation efficiency of the
railless electric transport by means of diagnostics and
control on the system of many units: Autoref. Diss.
Doctor of Technical Sciences: 05.22.07. All-Union
Research Institute of Railway Transport. -M, 1990, 38c.
Veklich VF. Research of trolleybuses with control by
the system of many units: Autoref. Disc. Candidate of
Technical Sciences. Pamfilov Academy of Public
Utilities. -M, 1969, 25c.

Veklich VF. Efficiency of application of trolleybuses
with control by the system of many units. Society
"Znanie" of the Ukrainian SSR, Kiev house of scientific
and technical propaganda. - Kiev, 1969, 19c.

Busplaner [Electronic resource]: OPNV: Zehn neue
Busziige fur Minchen - Mode of access:
https://www.busplaner.de/de/news/busanhaenger-und-
buszuege-wie-gepaeckanhaenger-personenanhaenger-
und-sonstige-anhaenger-linienverkehr-oeffentlicher-
personennahverkehr-oepnv-oepnv-unternehmen-oepnv-
zehn-neue-buszuege-fuer-muenchen-8384.html. Date of
access: 19.12.2023

Next [Electronic resource]: Next scenarios - Access
mode:  https://www.next-future-mobility.com/copy-of-
home-1. Date of access: 19.12.2023

A research platform for Singapore [Electronic
resource]: Towards the Ultimate Public Transport
System - Access mode:  https://www.tum-
create.edu.sg/content/towards-ultimate-public-transport-
system-0. Date of access: 19.12.2023

618


http://www.multiresearchjournal.com/
https://doi.org/10.1016/j.ampre.2005.06.010
https://doi.org/10.1186/s12966-014-0124-x
https://doi.org/10.26518/2071-7296-2019-5-544-557
https://epjdatascience.springeropen.com/articles/10.1140/epjds/s13688-018-0172-6
https://epjdatascience.springeropen.com/articles/10.1140/epjds/s13688-018-0172-6
https://www.researchgate.net/publication/277183200_Analysis_of_the_load_factor_and_the_empty_running_rate_for_road_transport_Artemis_-_assessment_and_reliability_of_transport_emission_models_and_inventory_systems
https://www.researchgate.net/publication/277183200_Analysis_of_the_load_factor_and_the_empty_running_rate_for_road_transport_Artemis_-_assessment_and_reliability_of_transport_emission_models_and_inventory_systems
https://www.researchgate.net/publication/277183200_Analysis_of_the_load_factor_and_the_empty_running_rate_for_road_transport_Artemis_-_assessment_and_reliability_of_transport_emission_models_and_inventory_systems
https://www.researchgate.net/publication/277183200_Analysis_of_the_load_factor_and_the_empty_running_rate_for_road_transport_Artemis_-_assessment_and_reliability_of_transport_emission_models_and_inventory_systems
https://www.researchgate.net/publication/277183200_Analysis_of_the_load_factor_and_the_empty_running_rate_for_road_transport_Artemis_-_assessment_and_reliability_of_transport_emission_models_and_inventory_systems
https://www.fhwa.dot.gov/tpm/guidance/avo_factors.pdf
https://www.fhwa.dot.gov/tpm/guidance/avo_factors.pdf
https://globaljournals.org/GJMBR_Volume19/2-The-Study-of-the-Trolley-Buses.pdf
https://globaljournals.org/GJMBR_Volume19/2-The-Study-of-the-Trolley-Buses.pdf

