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Abstract: 

The Covid-19 pandemic has significantly affected the economic and social spheres of all countries. Restrictions introduced 

to reduce the risk of transmission have changed the structure of population movements. The impact of these restrictions on 
the characteristics of intercity travel is still an understudied problem. Based on the analysis of statistical data and the 

results of questionnaires, the article assesses the impact of pandemic restrictions on population mobility in the Western 

region of Ukraine and changes in the distribution of passenger flows between different modes (bus, rail, private transport, 
joint travel). In 2020, the volume of passenger traffic in the region decreased by an average of half compared to the previous 

year. The decline is sharper for rail passenger transport compared to the bus transport. For more developed railway 

networks, the impact of the pandemic on passenger traffic is more pronounced. Quarantine restrictions have also increased 
the share of own car travel. According to research, the distribution of intercity trips between modes is influenced by the 

age and sex of the traveler. During the pandemic, users of transport services who travel with children under the age of 14 

choose private transport to travel more often than those who travel alone. The degree of influence of the above factors on 
the distribution of modes depends on the length of the trip. The application part of the work presents the results of modeling 

passenger flows of the studied region in the software environment PTV Visum. It was found that at the beginning of the 

quarantine restrictions the number of intercity trips decreases sharply. As the duration of restrictions increases, the rate 
of decline in mobility decreases. These data can be further taken into account when planning the work of transport enter-

prises and meeting the population`s demand for travel. The practical application of the study results is that the identifica-

tion of trends in the mobility of residents of the studying region depending on the impact of pandemic restrictions allows 
you to predict the mode and type of vehicles used. Based on these data, you can determine marketing strategies for the 

development of certain modes and directions of transportation. 
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1. Introduction 

The Covid-19 pandemic, announced by the WHO in 

March 2020, has had a significant impact on the eco-

nomic and social spheres of countries around the 

world. Governments in many countries have im-

posed restrictions to reduce the intensity of the virus. 

In particular, restrictions on population mobility (to 

reduce the number of social interactions). Mass pas-

senger transport has become one of the main risk ar-

eas for virus transmission (Tirachini & Cats, 2020). 

One of the main consequences of the Covid-19 pan-

demic outbreak and related restrictions has been a 

sharp decline in travel and, as a result, reduced pas-

senger traffic on urban and suburban routes. This re-

duction affects the financial condition of transport 

operators and their ability to provide quality services 

against the background of declining demand 

(Hörcher, Singh & Graham, 2020). Sustainable de-

velopment of the region as a set of economic, social, 

and environmental parameters is impossible without 

the functioning of the transport industry. 

The western region of Ukraine has a favorable geo-

graphical location, bordering four EU countries: Po-

land, Romania, Hungary, and Slovakia, as well as 

Moldova. Location and good recreational and tourist 

opportunities are the key vectors for the prospects of 

its sustainable development. An important parame-

ter of this process is the transport system. Accord-

ingly, it is important to study the factors influencing 

the change in intercity mobility in the region under 

the influence of Covid-19, and trends in this change. 

This study will anticipate changes in users' prefer-

ences for travel regimes and frequencies of trips and 

propose specific measures to reorganize and work 

resume transport operators after the pandemic. 

The structural and logical scheme of the study is pre-

sented in Fig. 1. Analysis of literature sources re-

veals insufficiently open questions about the impact 

of the pandemic on intercity mobility. We analyzed 

statistical data for 2010 - 2020 on the volume and 

distribution of passenger traffic in the Western re-

gion of Ukraine in the pre-pandemic and pandemic 

periods. We also conducted a survey of transport 

service users. We have identified the main trends in 

the volume of passenger traffic under the influence 

of the pandemic. Then we formed the utility func-

tions of the choice of passengers' mode of intercity 

travel. As a result of modeling in the software envi-

ronment PTV Visum, we obtained the forecast vol-

umes of passenger traffic in the study region. 

2. Theoretical background 

2.1. Intercity mobility research  

The combination of socio-demographic factors, in-

dicators of transport services, and characteristics of 

cities affect intercity mobility. Studies conducted by 

many authors confirm that the volume of intercity 

travel depends on the characteristics of households 

and individual users of transport services (age, gen-

der, education, income, car availability), transport 

availability, size, and economic characteristics of the 

city (Arbués et al., 2016; Davidich et al., 2019; Da-

vidich et al., 2020). 

The authors Breyer, Gundlegård and Rydergren 

(Breyer at al., 2021) consider the possibility of using 

cellular network data to distribute intercity traffic 

between modes. The paper analyzes the movement 

between two pairs of Swedish cities to determine the 

share of road and rail travel. The authors compare 

the effectiveness of using different methods of cal-

culating the cellular path and comparing it with the 

existing roadway or railway: 

− geometry-based classification methods 

(Route/Antenna method, Route/Centroid 

method and Unique cells method); 

− supervised mode classification methods (Like-

lihood method, k-nearest neighbor method and 

PCA/LDA method). 

According to research results, in the case of nearby 

locations of highway and railway supervised mode 

classification methods give a more accurate result. 

In general, the analysis of the distribution of trips by 

mode based on data from the cellular network allows 

you to analyze the mode choice at different times of 

the day, different days of the week, and so on. The 

disadvantage is the difficulty of obtaining this data 

In general, more and more research based on big 

data analysis has emerged in recent years. Based on 

the information of cellular operators, conducted an 

analysis of the distribution of traffic between air and 

surface transport between the two cities of Canada 

(Hui at al., 2017), estimated the volume of intercity 

traffic in France (Janzen at al., 2018), determined the 

structure of traffic between cities of China (Zhang at 

al., 2021) and Finland (Kiashemshaki at al., 2022). 

However, as the authors note in (Aultman-Hall & 

Ullman, 2020), analysts should supplement cellular 

data to analyze long-distance travel with survey data 

rather than relying solely on big data. The results of 

surveys just allow to link the characteristics of the 

trip with the socio-economic characteristics of users 
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of transport services and to determine the hidden de-

mand for such movements.  

Based on the analysis of surveys conducted in Xi'an 

(China), an assessment was made of the influence of 

12 factors on passengers' mode choice of travel (air, 

high-speed rail, traditional passenger train, and ex-

press bus) (Li at al., 2020). The choice of passengers 

is influenced by travel distance, travel cost, travel 

time per 100 kilometers, quality of service, accessi-

bility of transportation hubs, and ticketing methods. 

These studies are extended to paper (Xiaowei et al., 

2021). 

 

2.2. Impact of the Covid-19 pandemic on mobility 

The Covid-19 pandemic has significantly changed 

the structure and volume of trips. The world is facing 

this challenge for the first time and the lack of pre-

vious research has significantly limited the ability to 

predict the impact of the pandemic on various 

spheres of society, and mobility in particular. How-

ever, now we can talk about some developments in 

this direction. 

Authors Wielechowski, Czech and Grzęda 

(Wielechowski et al., 2020) analyzes the results of 

the Covid-19 pandemic on the conditions of public 

transport in Poland. In particular, the authors inves-

tigated the correlation between strict government re-

strictions on coronavirus control and changes in mo-

bility on public transport in different regions of Po-

land (correlation coefficient ranges from -0.72 to -

0.86). 

 

The impact of Covid-19 on changing the population 

mobility of the Western region of Ukraine

Literature review

Characteristics of the transport 

system of the Western region 

of Ukraine

The Covid-19 pandemic and 

its impact on the structure 

and volume of mobility

The impact of mobility 

changes on the sustainable 

development of the region

Estimation of passenger flows 

in the region using statistics in 

the pre-pandemic and 

pandemic period

Questionnaires research regarding 

people's transportation mode 

choices in the pre-pandemic and 

pandemic periods

Mobility modeling in the Western region of 

Ukraine using PTV Visum software

- formation of utility functions 

- modeling the volume of passenger traffic 

on rail and bus transport with distribution 

between regions

- modeling of changes in mobility depending 

on the duration of quarantine restrictions in 

the region

Formulation of conclusions

Formation of research purpose

Indicators of intercity 

mobility

Analysis of the studied region and data on 

population mobility

 
Fig. 1. Structural and logical scheme of the research 
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Studies conducted in Italy have been published by 

the (Cartenì et al., 2021). The results of these studies 

confirm a strong correlation (up to 0.87) between 

Covid-19 and the count of public transport trips. The 

authors also note that the pandemic has changed ac-

cess to mobility and affected social justice regarding 

mobility. People with a higher income who had an 

alternative (their vehicles) gained an advantage in 

mobility. Accordingly, the reluctance to use public 

transport has increased its negative impact on the en-

vironment due to the increasing use of private cars. 

A study of the impact of the pandemic and related 

restrictions on mobility and the distribution between 

modes was also carried out in Rome (Aletta et al., 

2020). 

Similar studies have been conducted in Sweden 

(Jenelius & Cebecauer, 2020), Australia (Beck, 

Hensher & Nelson, 2021), the Netherlands (de Haas, 

Faber & Hamersma, 2020), Spain (Aloi et al., 2020), 

China (emphasis on long-distance travel) (Li et al., 

2021). 

A study of the impact of the Covid-19 pandemic on 

mobility based on survey data from ten countries is 

presented in (Barbieri et al., 2021). These studies 

confirm the reduction in total passenger flow and the 

particularly negative impact of the pandemic on air 

transport and urban public transport. 

There are also attempts to analyze possible ways to 

restore transport after a pandemic. According to 

them, airlines and railways have suffered the most 

from the pandemic (Christidis et al., 2021). The sim-

ulation results predict an increase in the share of pri-

vate transport users in the European Union, which 

may negatively affect the development of public 

transport and environmental parameters. 

 

2.3. The impact of mobility on the sustainable 

development of the region  

Sustainable development of the region implies de-

velopment that meets the modern needs of society 

but does not jeopardize the ability of future genera-

tions to meet their needs. Concerning transport, sus-

tainable development involves a systematic (eco-

nomic, social, and environmental) approach and the 

use of modern information technology.  

Authors (Jachimowski et al., 2015) propose a simu-

lation model (planned to be implemented in the soft-

ware environment PTV Visum for Poland), which 

can be used to assess the impact of various factors 

on sustainability parameters, including the distribu-

tion of traffic between modes of transport and envi-

ronmental impact. The proposed model of the 

transport system includes the model of the transport 

network and the model of demand for passenger and 

freight transport. Transport is divided into groups 

depending on the type and level of harmful emis-

sions into the environment. The model can be used 

to predict changes in the attractiveness of different 

modes of transport for users under the influence, for 

example, changes in the parameters of the transport 

network. The impact of such decisions on the param-

eters of the environment and the sustainable devel-

opment of the region as a whole can also be assessed. 

The authors (Jacyna-Gołda, Zak & Gołębiowski, 

2015) consider three scenarios for the development 

of transport infrastructure (for example, Poland), 

taking into account environmental constraints and 

increasing passenger traffic, and predict the impact 

of these changes on the distribution of movements 

between types (rail, bus transport, and private car). 

The approach proposed in the paper confirms the va-

lidity of taking into account the requirements of sus-

tainability when assessing the possibility of achiev-

ing social, environmental, and economic goals of the 

transport system. These studies were further devel-

oped in (Vakulenko et al., 2019). 

 

2.4. Research statement 

Although there are many studies examining the pa-

rameters of population mobility, assessing the im-

pact of a pandemic on transport is a new challenge 

for scientists. The purpose of this paper is to deter-

mine trends in the distribution of passenger traffic in 

the Western region of Ukraine under the influence 

of Covid-19. To achieve this goal it is necessary to 

solve the following tasks: - to analyze statistical data 

on railway and road passenger traffic in the region 

and their change during the pandemic; to analyze the 

data of questionnaires on suburban trips during a 

pandemic; - to model passenger flows in the Western 

region of Ukraine and determine their volumes, dis-

tribution, and trend. Solving the formulated prob-

lems requires the use of the following research meth-

ods: method of scientific identification and analysis 

(when studying literature sources and statistical in-

formation), questionnaires (to collect data on trips 

characteristics), probability theory, and mathemati-

cal statistics (to assess the reliability of modeling re-
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sults), system analysis (to form a list of factors in-

fluencing users' mode choice of travel), analytical 

modeling and regression analysis (to calculate utility 

coefficients), simulation using PTV Visum software 

(to calculate correspondence matrices considering 

distribution modes)). 

 

3. Research results  

3.1. General characteristics of the Western re-

gion of Ukraine  

The modern borders of Western Ukraine cover the 

territory of eight regions: Lviv, Ternopil, Ivano-

Frankivsk, Volyn, Rivne, Chernivtsi, Zakarpattia, 

and Khmelnytsky. The total area of the region is 

131.3 thousand km2, which is 21.8% of the total area 

of Ukraine. As of the beginning of 2021, the popu-

lation of the region is 22.15% of the total population 

in Ukraine, the distribution of the population be-

tween the regions themselves is shown in Fig. 2. 

The transport infrastructure of passenger transport in 

the Western region includes the road network (roads 

and railways), transport service facilities (stations, 

stops), rolling stock, and transport companies. The 

railway network of the Western region is one of the 

densest, which is largely due to the border location 

of regions: in Lviv region the density of railways is 

62 km / 1000 km2 in Chernivtsi and Zakarpattia re-

gions - more than 50 km / 1000 km2 (average den-

sity in Ukraine 37 km / 1000 km2). Regarding the 

network of paved roads, the best situation is in Rivne 

and Ternopil regions, and only in the Zakarpattia re-

gion, about 80% of which is occupied by mountains, 

the density of roads is lower than the average 

Ukrainian value of 269 km / 1000 km2 (Table 1). 

 

 
Fig. 2. Population distribution of the Western region 
 

Table 1. Characteristics of the Western Ukraine regions 

Administrative unit 
Area, 

km2 

Population density, 

person/km2 

Density of railways, 

km/1000 km2 

Density of roads, 

km/1000 km2 

Lviv region 21832 116 59,9 339 

Ternopil region 13823 76 45,9 369 

Ivano-Frankivsk region 13928 98 34,5 299 

Volyn region 20143 53 29,5 278 

Rivne region 20047 58 29,3 376 

Chernivtsi region 8100 114 51,0 355 

Zakarpattia region  12777 98 45,4 214 

Khmelnytsky region 20629 62 35,5 348 
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3.2. Characteristics of passenger traffic modes 

within the Western region of Ukraine  

The main modes of passengers’ transportation 

within the Western region are road and rail. There is 

information on the number of non-stop bus and train 

routes between the regional centers of the Western 

region in fig. 3, and in table. 2 - traveled distances 

by bus and rail. 

All regional centers are connected by at least one bus 

route. The most number of routes is between Rivne 

and Lutsk (center of the Volyn region), as well as 

between Khmelnytsky and Ternopil, in general, 

most bus routes depart from Khmelnytsky (107), 

Lviv and Ternopil (104 each), the least - from 

Uzhgorod, the center of the Zakarpattia region (17). 

There is no direct rail passenger service between 12 

of the 28 pairs of regional centers. The most number 

of rail routes depart from Lviv (43), the smallest - 

from Rivne and Lutsk (2 and 3, respectively). As for 

the distance for the bus trip and rail trip, the most 

different distance between Ternopil and Ivano-

Frankivsk, Ternopil and Chernivtsi, Chernivtsi and 

Khmelnytsky - for these connections the distance 

traveled by rail is more than twice as long as the dis-

tance traveled by bus. 

 

 
Fig. 3. Number of non-stop routes between regional centers of the Western region  
 

Table 2. Distances between regional centers of the Western region of Ukraine, bus routes / railway routes  

Administrative unit L Т IF V R Ch Zak Kh 

Lviv region (L) - 135/140 125/140 169/- 225/207 300/267 282/288 260/260 

Ternopil region (T) 135/140 - 144/282 180/- 175/- 182/408 340/429 196/119 

Ivano-Frankivsk region (IF) 125/140 144/282 - 328/317 319/- 159/126 336/- 248/401 

Volyn region (V) 169/- 180/- 328/317 - 74/78 335/- 447/- 280/- 

Rivne region (R) 225/207 175/- 319/- 74/78 - 357/- 476/- 210/- 

Chernivtsi region (Ch) 300/267 182/408 159/126 335/- 357/- - 452/- 201/527 

Zakarpattia region (Zak) 282/288 340/429 336/- 447/- 476/- 452/- - 530/548 

Khmelnytsky region (Kh) 260/260 196/119 248/401 280/- 210/- 201/527 530/548 - 
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The analysis of the volume of passenger road and 

rail intercity traffic was conducted based on data 

from the State Statistics Service of Ukraine during 

2013 - to 2020 years (http://www.ukrstat.gov.ua/). 

The main results of the analysis are as follows: 

− the total number of transported passengers by 

road and rail in the Western region in 2020 was 

36533.6 thousand people, the distribution by 

region is shown in Fig. 4. Passenger traffic in 

the Western region is on average 18% of the all-

Ukrainian. Lviv, Ternopil, and Volyn regions 

have the highest population mobility, while the 

Chernivtsi region has the lowest mobility (1.41 

trips/year). The all-Ukrainian indicator of sub-

urban transport mobility in 2020 was 2.93 

trips/year; 

− during the period under review, the trend in all 

regions is similar to the all-Ukrainian trend: a 

decrease in the share of rail passenger traffic af-

ter 2016 (Fig. 5). In general, the share of pas-

sengers transported by rail in the western re-

gions is lower than in Ukraine as a whole. Cher-

nivtsi and Volyn regions have the least railway 

traffic in the structure of passenger traffic in 

Western Ukraine, Zakarpattia region has the 

most; 

− quarantine restrictions on transport signifi-

cantly affected the volume of passenger traffic 

in the region (Fig. 6). In 2020, there was a 

slump in passenger traffic compared to the pre-

vious year: from 43.2% for Ternopil region to 

64.3% - for Rivne region. That is, the mobility 

of the population has halved on average. 

A comparison of intercity bus and rail mobility of 

residents of the studied regions (Table 3) for 2019 

and 2020 (quarantine period) shows the impact of 

the pandemic on the distribution of movement be-

tween modes. 

For all regions in 2020, the difference between the 

mobility of the population by rail and the mobility 

of the population by bus has increased. The most sig-

nificant is the difference for the Lviv region, the 

most stable in terms of the mode choice is Volyn and 

Rivne regions. In the study of factors that may affect 

the magnitude of the difference between bus and rail 

mobility before and during quarantine restrictions on 

transport, it was found that there is a clear exponen-

tial relationship between the number of rail depar-

tures from the regional center and the difference be-

tween bus and rail mobility before and during quar-

antine (Fig. 7). 

The bigger capacity of the railway station in the re-

gional center, the more the negative impact has the 

Covid-19 pandemic and related quarantine re-

strictions on transport on its passenger traffic. 

 
 

 
Fig. 4. The number of passengers carried during 2020 and the annual mobility of the population in the regions 
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Fig. 5. Change in the number of transported passengers in the Western Ukraine region for the period 2010 – 

2020 

 

Table 3. Study of population mobility with distribution by modes of movement 

Indicator  
Lviv re-

gion 

Ternopil 

region 

Ivano-Frankivsk 

region 

Volyn 

region 

Rivne 

region 

Chernivtsi 

region 

Zakarpattia 

region 

Khmelnytsky 

region 

Rail mobility rate 

in 2019 
4,33 2,25 1,67 1,79 2,39 0,86 2,88 1,89 

Bus mobility rate in 

2019 
4,95 5,63 3,83 9,00 6,92 2,93 3,08 3,07 

Difference1, % 12,7 60,0 56,3 80,2 65,4 70,8 6,4 38,5 

Rail mobility rate 

in 2020 
1,48 0,85 0,63 0,44 0,71 0,22 1,51 0,72 

Bus mobility rate in 

2020 
3,11 3,63 2,19 3,84 2,62 1,19 1,28 1,76 

Difference2, % 52,6 76,7 71,2 88,5 73,0 81,1 17,7 58,9 

Difference2- Dif-

ference1, % 
39,9 16,7 14,9 8,3 7,7 10,3 11,3 20,4 
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Fig. 6. Change in passenger traffic in the first year of the pandemic 

 

 
Fig. 7. The relationship between the number of departures from the railway station and the difference between 

the number of rail and bus trips before and during the pandemic 
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3.3. Description of the results of questionnaires 

For studying of the factors influencing the passen-

ger's intercity mode choice during the Covid-19 pan-

demic, a survey of transport service users was con-

ducted using an online questionnaire, available at the 

link: https://forms.gle/LfEhW4LJ3F8J4bmJ6. The 

questionnaire we developed consists of two parts: 

data on the respondent (age, gender, place of resi-

dence, the presence of children under 14, and the 

presence of their car in the family) and data on the 

characteristics of intercity trips of the respondents 

(Fig.8). 

The sample covers the working population aged 17 

to 60 years. The general characteristics of the sample 

are given in the table. 4. 

The pandemic affects the mode choice of users of 

transport services in intercity travel. Building a dia-

gram in Fig. 9a uses the data collected by Pivtorak 

(Pivtorak, 2021) (these surveys were conducted in 

2019) and building a diagram in Fig. 9b - the results 

of the above online questionnaire. 

According to surveys, the pandemic has signifi-

cantly increased the number of travelers who choose 

to travel by own car. For long trips (over 200 km) 

the share of travel by own transport has increased 

from 4% to 38%. It is due to the impact of quarantine 

restrictions on public transport (from the need to 

comply with sanitary requirements to the complete 

cessation of long-distance passenger traffic) and the 

desire of people to protect themselves from the risk 

of disease. The significant decrease in the share of 

rail transport for short trips (up to 4% for distances 

up to 50 km and 7% for distances from 50 to 100 

km) can be explained by the fact that this connection 

is most often used by electric train with a common 

carriage, where the risk of contracting Covid-19 is 

very high. 

The distribution of trips by mode depends on the sex 

of the user (Fig. 10). Men, unlike women, do not use 

the railway for travel up to 100 km (3% and 18% 

respectively). For long-distance travel (more than 

200 km), the percentage of rail use does not depend 

on the sex of the user, but women avoid bus travel, 

preferring their car or joint travel. 

The choice of the mode of trip of users is also influ-

enced by age (Fig. 11). 

Users over the age of 30 are more likely to use their 

car for intercity travel, regardless of distance. How-

ever, travelers under the age of 30 are much more 

likely to choose a joint trip. 

The distribution of trips by modes for users depend-

ing on the presence of children under 14 years is pre-

sented in Fig. 12. Travelers with young children do 

not use the services of joint trips (possibly due to the 

reluctance of drivers). They also try not to travel 

long distances by bus (the reason may be that for 

children such trips are very tiring, especially in com-

pliance with sanitary requirements). 

The analysis of the sample of users with children un-

der 14 years of age for their trips with children pre-

sents the following results: 

− among users who have their car, 91% use it for 

intercity trips with children; 

− among users who do not have a car, 45% use 

the bus for trips up to 100 km, and 55% - the 

railway. For trips longer than 100 km the share 

of railway users increases to 80%. 

It should be clarified once again that the diagrams in 

Fig. 10 - 12 are based on user surveys of their inter-

city trips conducted in 2020-2021, so they reflect 

their choices during the pandemic. 
 

 
Fig. 8. Fragment of the questionnaire of users of transport services (in Ukrainian) 
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Table 4. General characteristics of the sample of respondents 
Characteristic Value, % Characteristic Value, % 

Number of men  52 The presence of children under 14 years 31 

Number of women 48 The presence of own car in the family 66 
 

a) b)

 
Fig. 9. Distribution of users by modes of the trip: a) before the pandemic; b) during a pandemic 
 

a) b)  
Fig. 10. Distribution of trips by mode depending on the length of the intercity trip with the distribution of 

users by sex: a) men; b) women 
 

a) b)  
Fig. 11. Distribution of trips by mode depending on the length of the intercity trip with the distribution of 

users by age: a) up to 30 years; b) after 30 years 
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4. Mobility modeling in the Western region of 

Ukraine   

The PTV Visum software environment was used to 

simulate the number of trips between the regions of 

Western Ukraine and their distribution by mode. 

The utility for each mode of the trip is calculated as 

a linear combination of the impedance parameters 

(Ortuzar & Willumsen, 2001): 
 

𝑈𝑖𝑗𝑚 =∑𝛽𝑔
𝑔

⋅ 𝑐𝑖𝑗𝑚𝑔 (1) 

 

where: 𝑐𝑖𝑗𝑚𝑔 - specifies the impedance of cost type 

for the trip from zone і to zone 𝑗 by mode 𝑚. 

The logit function used in the distribution of trips by 

modes has the form: 
 

𝑝𝑖𝑗𝑚 =
𝑒𝑐⋅𝑈𝑖𝑗𝑚

∑ 𝑒𝑐⋅𝑈𝑖𝑗𝑘
𝑘

 (2) 

 

where: 𝑐 - procedure parameter. 

Number of trips made by mode 𝑚: 
 

𝑇𝑖𝑗𝑚 = 𝑝𝑖𝑗𝑚 ⋅ 𝑇𝑖𝑗 (3) 
 

where: 𝑇𝑖𝑗 - the total number of trips in the relation 

𝑖 − 𝑗. 
The number of non-stop bus and train routes be-

tween regional centers was chosen as parameters of 

the utility function in dividing the total number of 

trips between bus and rail connections in intercity 

services. 

Utility of travel by bus and rail was obtained based 

on generalized data on the total number of depar-

tures from each regional center to other regional cen-

ters of the Western region and the volume of passen-

ger traffic (Table 5). The difference between the car-

rying capacity of the bus and the train is also taken 

into account. Approximation probability coefficient 

𝑅2 = 0.85: 

− for railway movements: 
 

𝑈𝑖𝑗
𝑟𝑎𝑖𝑙 = 0.43 ⋅ 𝜂𝑟𝑎𝑖𝑙 − 0.12 ⋅ Р𝑟𝑎𝑖𝑙 + 4.82 (4) 

 

− for bus movements : 
 

𝑈𝑖𝑗
𝑏𝑢𝑠 = 0.43 ⋅ 𝜂𝑟𝑎𝑖𝑙 − 0.12 ⋅ Р𝑟𝑎𝑖𝑙 + 63,58 (5) 

 

Modeling volumes of trips between regional centers 

of the Western region and their distribution on rail-

way and bus transportations are carried out taking 

into account matrices of distances and the received 

utility functions. The obtained results are presented 

in Fig. 13 and table 6. 

In general, according to the simulation, 75% of pas-

senger traffic is performed by buses and 25% - by 

rail. The diagram (Fig. 14) shows the distribution of 

the total passenger traffic by rail by region (sepa-

rately departure and arrival). 

The largest volumes of traffic, as expected, are from 

Lviv region, which has the largest population and 

the largest number of railway routes compared to 

other regions. The largest disparity between the pop-

ulation and the volume of rail passenger traffic is ob-

served in Ternopil region (seventh in terms of popu-

lation, but third in terms of volume sent and second 

in terms of received passenger traffic). 

In general, the resulting passenger flows correlate 

with statistics data. This allows you to calibrate the 

model to predict changes in passenger traffic during 

the implementation of quarantine restrictions on 

transport. 
 

Table 6. Results of modeling passenger flow in the Western region 

Administrative unit 
Passenger flow volume, thousands of people Distribution of passenger flow volume, % 

bus rail sum bus rail 

Volyn region 7969,9 1697,5 9667,4 82,44 17,56 

Rivne region 6699,2 1278,8 7978,0 83,97 16,03 

Lviv region 16437,1 6317,6 22754,7 72,24 27,76 

Ternopil region 8338,4 3287,7 11626,2 71,72 28,28 

Khmelnysky region 3923,8 1587,8 5511,6 71,19 28,81 

Ivano-Frankivsk region 6701,4 2089,1 8790,4 76,23 23,77 

Chernivtsi region 1736,3 442,3 2178,6 79,70 20,30 

Zakarpattia region 2927,0 1624,2 4551,1 64,31 35,69 

All Western region 54733 18325 73058 74,92 25,08 
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Fig. 13. The modeled volumes of passenger flow between the regional centers of the Western region 
 

a)   

b)  

Fig. 14. Distribution of the total passenger traffic by rail by region : а) departure; b) arrival 
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Based on data on the number of days in 2020, during 

which the region was in the "red" quarantine zone 

(limited communication between regions), and the 

decline in population mobility in intercity traffic in 

2020 compared to 2019, the dependence is obtained 

(Fig. 15): 
 

𝑦 = −1,67 ⋅ 𝑙𝑛( 𝑥) + 10,07 (6) 

 

where: 𝑥 - the duration of the "red" quarantine zone 

in the region, days; 

𝑦 - projected intercity mobility of the population in 

the region, trip/year. 

The probability coefficient of approximation is 

𝑅2 = 0.79. 

The sharpest decrease in population mobility is ob-

served when the duration of restrictions changes 

from their absence to 60 days/year. The entry into 

force of restrictions causes the greatest decline in 

passenger traffic (fear of the unknown, unprepared-

ness for the requirements imposed by restrictions, 

etc). As the duration of restrictions increases (the du-

ration of the factor that led to the introduction of 

such restrictions increases), the rate of decline in 

mobility is slowing down. There is a process of ha-

bituation - getting used to the restrictions and adapt-

ing to them. 

 

5. Conclusions  

The location of the Western region of Ukraine, the 

number of inhabitants in the region, and the devel-

opment of transport infrastructure affect the volume 

and distribution of population mobility. For exam-

ple, the population of Lviv region is twice as large 

as the population of Ivano-Frankivsk region (this re-

gion ranks second in this indicator). The number of 

inhabitants of the smallest region of Western 

Ukraine, the Chernivtsi region, is only 33% of the 

population of Lviv region. As for the volume of pas-

senger traffic, in Ivano-Frankivsk region in 2020 

33% was transported, and in Chernivtsi region - 11% 

of the volume of passenger traffic in Lviv region 

(which amounted to 11,604 thousand passengers). 

There is also a correlation between the density of 

transport networks and population mobility. The 

highest density is in Lviv and Ternopil regions, 

where the highest population mobility is recorded. 

However, for example, in Chernivtsi region, despite 

the high density of the transport network, population 

mobility is the lowest in the region, which may be 

due to economic factors (low per capita income). 

Virtually all passenger movements within the West-

ern region are performed by rail and road. There are 

existing airports in Lviv, Ivano-Frankivsk, Rivne, 

Uzhhorod and Chernivtsi, but there are no regular 

flights between these cities. 
 

7.38

3.23

-56%

2.07

-81%

1.40

0.92

-72%

-88%

 
Fig. 15. Modeling the impact of the duration of transport restrictions on intercity mobility of the population 
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Quarantine restrictions related to the Covid-19 pan-

demic have significantly affected the volume of pas-

senger traffic and its distribution by mode of 

transport. In 2020, there was a sharp decline in pas-

senger traffic compared to the previous year: from 

43.2% for Ternopil region to 64.3% - for Rivne re-

gion. The difference between the distribution of pop-

ulation mobility between bus and rail transport has 

also increased. For example, for the Lviv region in 

2019 this difference was 12.7% in favor of buses, 

and in 2020 - already 52.6%. In general, the more 

capacity has the railway station in the regional cen-

ter, the greater the negative impact on passenger 

traffic. The pandemic also significantly increased 

the number of intercity trips by own transport (ac-

cording to surveys, for trips up to 50 km the share of 

such movements increased from 20% to 59%, for 

trips from 50 to 100 km - from 10% to 55%, for trips 

from 100 to 200 km - from 8% to 46%, and for trips 

over 200 km - from 4% to 38%). The mode of choice 

is also influenced by age, gender, and the presence 

of children. Users over the age of 30 are more likely 

to use their car for intercity travel, regardless of dis-

tance. However, travelers under the age of 30 are 

much more likely to choose to travel together. Men, 

unlike women, do not use the railway for travel up 

to 100 km (3% and 18% respectively). Women, on 

the other hand, avoid traveling by bus when travel-

ing more than 200 km, preferring rail (41%), own 

car (44%), or joint travel (15%). Travelers with 

small children do not use the services of joint trips 

(perhaps due to the reluctance of drivers), and also 

prefer not to travel by bus for long distances. Among 

users who have their car, 91% use it for intercity 

trips with children. Among users who do not have a 

car, 45% use the bus for trips up to 100 km and 55% 

use the railway, while the share of railway users in-

creases to 80% for trips longer than 100 km. 

Changes in the magnitude and structure of demand 

for regional trips that have taken place under the in-

fluence of the pandemic have affected the sustaina-

bility of the region as a whole and will continue for 

some time after its completion. Each of the elements 

of sustainability (economic, social, and environmen-

tal) is affected. Transport operators have lost part of 

their revenues due to reduced passenger traffic, and 

some of them may need support to maintain their 

competitiveness. The tourism industry is also pro-

jected to be significantly affected. The increase in 

the use of private transport has a negative impact on 

environmental sustainability. And for the part of the 

population that does not have its car, the possibilities 

of mobility during the quarantine measures on 

transport (complete ban on certain modes of 

transport, reducing the frequency or increasing the 

cost of trip) are significantly limited. The approach 

presented in the paper contributes to the expansion 

of existing innovative methods of transport manage-

ment, demand forecasting, and sustainable sustaina-

bility management in the region. 

The use of PTV Visum software environment for 

modeling the mobility of the population of the West-

ern region of Ukraine based on statistical infor-

mation and the results of population surveys before 

and during the pandemic made it possible to deter-

mine the estimated volume of trips between regions. 

Such data can be further taken into account when 

planning the work of transport enterprises and meet-

ing the demand of the population for transportation. 

Modeling the impact of the duration of the "red" 

quarantine zone in a given region on the decline in 

intercity mobility suggests that the sharpest decline 

in population mobility is observed at the beginning 

of the introduction of quarantine restrictions. As the 

duration of restrictions increases, the rate of decline 

in mobility begins to decline (people adapt to new 

requirements). 

The practical application of the research results is 

that the identification of trends in the mobility of res-

idents of the region depending on the impact of pan-

demic restrictions makes it possible to predict the 

type of trip and type of vehicles used. Based on these 

data, you can determine marketing strategies for the 

development of certain types and directions of trips. 

Further research may be based on the consideration 

of volumes and changes in transit passenger traffic, 

including international passenger transportation, 

which has not been studied in this paper. 

 

References 

[1] Aletta, F., Brinchi, S., Carrese, S., & Gemma, 

A., Guattari, C., Mannini, L. & Patella, S. 

(2020). Analysing urban traffic volumes and 

mapping noise emissions in Rome (Italy) in the 

context of containment measures for the 

COVID-19 disease. Noise Mapping. 7. 114-

122. DOI: 10.1515/noise-2020-0010. 

[2] Aloi, A., Alonso, B., Benavente, J., Cordera, 

R., Echániz, E., González, F., Ladisa, C., 

Lezama-Romanelli, R., López-Parra, Á., 



22 

 

Pivtorak, H., Zhuk, M., Gits, I., Galkin, A., 

Archives of Transport, 63(3), 7-23, 2022 

 

 

Mazzei, V., Perrucci, L., Prieto-Quintana, D., 

Rodríguez, A. & Sañudo, R. (2020). Effects of 

the COVID-19 Lockdown on Urban Mobility: 

Empirical Evidence from the City of Santander 

(Spain). Sustainability. 12(9):3870.  DOI: 

10.3390/su12093870. 

[3] Arbués, P., Baños, J.F., Mayor, M. & Suárez, 

P. (2016). Determinants of ground transport 

modal choice in long-distance trips in Spain. 

Transportation Research Part A: Policy and 

Practice. 84, 131-143. 

[4] Aultman-Hall, L., & Ullman, H. (2020). Long-

distance and intercity travel: who participates 

in global mobility? In Mapping the Travel Be-

havior Genome (pp. 187-207). Elsevier. 

[5] Barbieri, D.M., Lou, B., Passavanti, M., Hui, 

C., Hoff, I., Lessa, D.A., et al. (2021) Impact of 

COVID-19 pandemic on mobility in ten coun-

tries and associated perceived risk for all 

transport modes. PLoS ONE 16(2): e0245886.  

DOI: 10.1371/journal.pone.0245886. 

[6] Breyer, N., Gundlegård, D., & Rydergren, C. 

(2021). Travel mode classification of intercity 

trips using cellular network data. Transporta-

tion Research Procedia, 52, 211-218. 

[7] Cartenì, A., Di Francesco, L., Henke, I., Ma-

rino, T. & Falanga, A. (2021). The Role of Pub-

lic Transport during the Second COVID-19 

Wave in Italy. Sustainability. 13. 11905. 

10.3390/su132111905. 

[8] Christidis, P., Christodoulou, A., Navajas-Ca-

wood, E. & Ciuffo, B. The Post-Pandemic Re-

covery of Transport Activity: Emerging Mobil-

ity Patterns and Repercussions on Future Evo-

lution. Sustainability. 2021; 13(11):6359.  

DOI: 10.3390/su13116359. 

[9] Bauer, M., Dźwigoń, W., & Richter, M. (2021). 

Personal safety of passengers during the first 

phase Covid-19 pandemic in the opinion of 

public transport drivers in Krakow. Archives of 

Transport, 59(3), 41-55. 

https://doi.org/10.5604/01.3001.0015.0090. 

[10] Davidich, N., Galkin, A., Sabadash, V., Chu-

machenko, I., Melenchuk, T. & Davidich, Y. 

(2020). Projecting of urban transport infrastruc-

ture considering the human factor. Communi-

cations-Scientific letters of the University of 

Zilina, 22(1), 84-94.  DOI: 

10.26552/com.C.2020.1.84-94. 

[11] de Haas, M., Faber, R. & Hamersma, M. 

(2020). How COVID-19 and the Dutch ‘intelli-

gent lockdown’ change activities, work and 

travel behaviour: Evidence from longitudinal 

data in the Netherlands. Transportation Re-

search Interdisciplinary Perspectives, Volume 

6, 100150.  DOI: 10.1016/j.trip.2020.100150. 

[12] Hörcher, D., Singh, R. & Graham, D.J. (2020). 

Social Distancing in Public Transport: Mobilis-

ing New Technologies for Demand Manage-

ment under the COVID-19 Crisis. SSRN.  DOI: 

10.2139/ssrn.3713518. 

[13] Hui, K.T.Y., Wang, C., Kim, A. & Qiu, T.Z. 

(2017). Investigating the use of anonymous cel-

lular phone data to determine intercity travel 

volumes and modes (No. 17-03652). Transpor-

tation Research Board 96th Annual Meeting, 

Washington DC, United State. 

[14] Jachimowski, R., Kłodawski, M., Lewczuk, K., 

Szczepański, E. & Wasiak, M. (2015). Imple-

mentation of the model of proecological 

transport system. Journal of KONES. Power-

train and Transport. 20(4). 129-139. DOI: 

10.5604/12314005.1137402. 

[15] Jacyna-Gołda, I., Zak, J. & Gołębiowski, P. 

(2015). Models of traffic flow distribution for 

various scenarios of the development of proe-

cological transport system. Archives of 

Transport. 32. 17-28. DOI: 

10.5604/08669546.1146994. 

[16] Janzen, M., Vanhoof, M., Smoreda, Z. & Ax-

hausen, K. W. (2018). Closer to the total? 

Long-distance travel of French mobile phone 

users. Travel Behaviour and Society, 11, 31-42. 

[17] Jenelius, E. & Cebecauer, M. (2020). Impacts 

of COVID-19 on public transport ridership in 

Sweden: Analysis of ticket validations, sales 

and passenger counts. Transportation Research 

Interdisciplinary Perspectives, 8, 100242. DOI: 

10.1016/j.trip.2020.100242. 

[18] Kiashemshaki, M., Huang, Z. & Saramäki, J. 

(2022). Mobility Signatures: A Tool for Char-

acterizing Cities Using Intercity Mobility 

Flows. Frontiers in big data, 5, 822889. DOI: 

10.3389/fdata.2022.822889. 

[19] Li, T., Wang, J., Huang, J., Yang, W. & Chen, 

Z. (2021). Exploring the dynamic impacts of 

COVID-19 on intercity travel in China. Journal 

of Transport Geography, Volume 95, 103153. 

DOI: 10.1016/j.jtrangeo.2021.103153. 



Pivtorak, H., Zhuk, M., Gits, I., Galkin, A., 

Archives of Transport, 63(3), 7-23, 2022 

23 

 

 

[20] Li, X., Tang, J., Hu, X. & Wang, W. (2020). 

Assessing intercity multimodal choice behavior 

in a Touristy City: A factor analysis. Journal of 

Transport Geography, 86, 102776. 

[21] Li, X., Zhang, S., Wu, Y., Wang, Y. & Wang, 

W. (2021). Exploring Influencing Factors of In-

tercity Mode Choice from View of Entire 

Travel Chain. Journal of Advanced Transporta-

tion, vol. 2021, 13 pages. DOI: 

10.1155/2021/9454873. 

[22] Matthew J. B., David A. H. & John D. N. 

(2021). Public transport trends in Australia dur-

ing the COVID-19 pandemic: An investigation 

of the influence of bio-security concerns on trip 

behaviour. Journal of Transport Geography, 

Volume 96, 103167. DOI: 10.1016/ 

j.jtrangeo.2021.103167. 

[23] Ortuzar, J.D. & Willumsen, L.G. (2001). Mod-

elling transport. (3rd ed.). Chichester: Wiley. 

[24] Pivtorak, H. (2021). Determination of parame-

ters of urban passenger transportation network 

based on models of random utility theory 

(Vyznachennia parametriv merezhi miskykh 

pasazhyrskykh perevezen na osnovi modelei 

teorii korysnosti z vypadkovym vyborom). 

PhD thesis. Lviv, 202 p. (in Ukrainian). 

[25] Questionnaires of transport services users: 

https://forms.gle/LfEhW4LJ3F8J4bmJ6. 

[26] State Statistics Service of Ukraine. 

http://www.ukrstat.gov.ua/. 

[27] Statistical collection «Transport of Ukraine. 

2019». (2020). State Statistics Service of 

Ukraine. Кyiv. 115 p. (in Ukrainian). 

[28] Statistical collection «Transport and communi-

cation of Ukraine. 2018». (2019). State Statis-

tics Service of Ukraine. Кyiv. 154 (in Ukrain-

ian). 

[29] Tirachini, A. & Cats, O. (2020). COVID-19 

and public transportation: Current assessment, 

prospects, and research needs. Journal of Pub-

lic Transportation. 22(1). DOI: 10.5038/2375-

0901.22.1.1. 

[30] Vakulenko, K., Kuhtin, K., Afanasieva, I. & 

Galkin, A. (2019). Designing optimal public 

bus route networks in a suburban area. Trans-

portation Research Procedia, 39, 554-564. 

DOI: 10.1016/j.trpro.2019.06.057. 

[31] Wielechowski, M., Czech, K. & Grzęda, Ł. 

2020. Decline in Mobility: Public Transport in 

Poland in the time of the COVID-19 Pan-

demic. Economies 8, no. 4: 78. DOI: 

10.3390/economies8040078. 

[32] Zhang, R., Pan, J., & Lai, J. (2021). Network 

Structure of Intercity Trips by Chinese Resi-

dents under Different Travel Modes: A Case 

Study of the Spring Festival Travel Rush. Com-

plexity, 2021. 

 

 


