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3MeHUeHH HACMKYU BUKOPUCMAHHS ABMOMOOIILHO20 MPAHC-
nopmy 07151 MiHCMICOKUX nepemiugers € 00HUM 3i Cnocoodie docsenen-
Hs Yislell Cmanozo po3eumKy Ha Mpancnopmi i NO3UMUEHO 6NaUHe HA
cman dosxinns. Memoio pobomu € 6usHAUeHHS HA OCHOBI aAHANI3Y
pe3yavmamie onumyeatv, nposedenux y m. JIv6osi, menoenuii 6ubo-
PY KOpucmyeauamu mpancnopmmoi cucmemu 6udy 6ys3ia 306Hiul-
Hb020 mpancnopmy (B3T) 0na nodansuio20 6uKoHanHs MiscMicoKoi
noizoxu. /{nsa ub020 chopmosano mymemunomianvny ao2im-mooens
eubopy B3T na ocrogi pospaxynxy xopucrnocmi 6ubopy cmyoenmamu
3aniznunnozo ma asmodycrozo eysna. MynsmuHoMianoHi J102im-mo-
deni (MJIM) wupoxo 3acmocoeyiomvcs 01 MOOeI08AHHA NOBeit-
KU Kopucmyeauis, wjo niomeepojcyemvCs YuUCIeHHUMU 00CAI0NHCeH -
Hamu. /[na ix xopexmmozo 3acmocyeanus HeoOXiOHO 6usHauumu
Habip vunHuKie, sKi 6nUEAIOMb HA 30iliCHEeHH 6UOOPY, Ma PO3PaxyY-
eamu xoeiuicnmu MJIM na ocnogi eusuents nogediHKu Kopucmy-
8auie 8 mescax KoHKpemnoi mepumopii npoexmyeanns. Yunnuxamu,
wWo enaueaiomv nHa GuGIp 6UOY 6Y3NA 306HIUHLOZ0 MPAHCHOPMY, €
xapaxmepucmuxu B3T (nponycxna 3damnicmo ma xinvkicmo 6i0-
npasox 8 ne6HOMY HANPSAMKY) i Mpueaicmo ma 6apmicmo nepemi-
wenns. Bnaue uux wunnuxie 6iopisnsemocs 3anexncno 6i0 006xicunu
noizoxu: pospaxoeano xoedivicnmu MJIM eubopy eéudy B3T oxpemo
0251 noizdox 006curioro do 100 xm, 6id 100 do 200 xm ma Ginvwe 200
xm. Taxosc 6 modenb 6YJ10 66e0eH0 MAKi NOKAHUKU, K MPUEATICI
nepemiujents no micmy ma uacoeuil nepioo eionpaexu, npome 6
npoueci po3paxyHKy 3HaMywocmi napamempis Jjozim-mooeni eus-
BULOCS, W0 Ui NOKAZHUKU He MAlOmb HA KOPUCMYEAHi8 00CHi0NCY-
6amnoi epynu cymmeeozo énauey. B peaynvmami docaidxcens eusna-
UeHO XAPAKMEPUCMUKYU BUKOHYBAHUX NOTZ00K 3 POZNOOLIOM NO 6UY
ey3na. Ompumani oani cnpuAIOMb> KPAWOMY POYMIHHIO NOGEOTHKU
KOpucmyea4ie ubo20 KJaACY npu 6uUGOpi HUMU CROCOOY GUKOHAHHSA
MidCMICHKOT NOi30KU Ma MOKHCYMb Gymu suKopucmani O ONMuUMI3a-
uii pynKuionyeanus 6y3uie 306HiUHBLO20 Mpancnopmy

Kmouosi cnosa: myavmunomiansha 10zim-mooeiv, pexcum pyxy,
KopucHicmo 6u6opy, 6Y30J1 306HIUHLOZ0 MPAHCHOPMY
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Intercity passenger transportation (except for travelers
who use privately-owned cars for long-distance trips) is
mainly carried out by air, by rail, and by intercity buses.
The distribution of passenger traffic among these modes of
transportation differs in different regions and depends on
social conditions, the availability, and comfort of different
types of transport, as well as other related factors. According
to statistical information [1], in Ukraine, motor vehicles un-
ambiguously dominate in terms of the number of passengers
transported. For the last 10 years, an average of 89 % of the to-
tal annual volume of passenger traffic belonged to this type of
transport, 10 % — to railroads, and only 1 % — to air and water
transportation. Regarding the actual transportation opera-
tions (the product of the number of passengers transported by
the distance of travel), the distribution is more uniform. Thus,
the average annual values over the past 10 years are 40 % for
railroad transport, 43 % — for vehicles, and almost 17 % — for
aviation. It is obvious that this is because railroads and air-
craft are mainly used for long-distance travel.

Environmental issues related to transportation are becom-
ing increasingly important. This applies directly to transport
as it exerts a significant adverse effect on the environment,

contaminating the air, increasing noise levels, and affecting
the climate. According to work [2], given the harmful impact
of transport on the environment, the overall cost of combating
it is twice larger for bus transportation than for railroads. If
one also considers privately-owned passenger cars, the nega-
tive impact of rail passenger traffic is only 14 %. Therefore, in-
creasing the share of rail transportation could positively affect
both the environmental and economic indicators of the state.

A random utility theory in transportation, and not only,
is currently the basis for modeling a choice among discrete
alternatives. It is based on a hypothesis that every person
attempts to maximize the utility of his/her choice.

Understanding why people make a specific decision at
multiple choices is essential for many industries [3]. For
example, in paper [4], the discrete choice modeling is used to
determine the optimum location of railroad stations (when
designing urban rail transit systems). Study [5] uses discrete
modeling to estimate international cargo flows (with distri-
bution by the types of cargo). In [6], discrete modeling is
applied to assess readiness to accept a crowdshipping service
while in [7] — the use of bicycles for travel (with distribution
by a travel purpose).

The main task of the current work is to define the criteria
for selecting a certain type of transport by users for intercity



transportation and to subsequently construct a model of
choosing the type of an external transport hub. The results
obtained would make it possible to determine the amount of
passenger flow of users of the urban transport system while
traveling over a city territory to the hubs of external trans-
portation, as well as assess the potential for increasing the
attractiveness of railroad transportation.

2. Literature review and problem statement

Models of random utility are widely used in travel (dis-
placements) modeling. A multinomial logit-model, a sin-
gle-level hierarchical logit-model, a multi-level hierarchical
logit-model, a cross-nested logit-model, a generalized extreme
value model, a probit-model, and a mixed logical model [8] are
those used most often.

The multi-nominal logit model is considered to be the
most classical method of modeling user behavior during travel
(a choice of the method of movement, a path of motion, etc.)
because results of the logit-models can be easily and accurate-
ly enough evaluated using standard analytical methods [9].
The probability of choosing an alternative j among the
available options, according to MLM, is determined as the
ratio of the systematic utility of alternative j to the sum of
systematic utilities of the entire set of possible alternatives
(considering the parameter of Humbell’s distribution law).

The alternative utility function consists of two parts: de-
terministic (expected) and random. The deterministic part of
the function is a linear combination of attributes that are taken
into consideration when evaluating an existing set of alterna-
tives (calculated as the sum of the products of attributes, taken
into consideration when evaluating the j-th alternative, by the
coefficients of the attributes). The random part of the function
is those decisions that the user takes directly during travel.

A person in carrying out his/her choice regarding the
travel method consciously or unknowingly is guided by a com-
plex set of factors. This process is called a modal choice. There
are four approaches to assessing the modal choice: rationalis-
tic, socio-geographical, socio-demographic, and socio-psycho-
logical [10]. Under the rationalistic approach, the main role
belongs to the time and cost of travel. The socio-geographical
approach considers population density, characteristics of land
use, etc. In the socio-demographic approach, the main impact
on the choice is exerted by age, gender, employment, and
under social-psychological — lifestyle, habits, etc. The combi-
nation of these factors in the development of a model of choice
of the travel method would better assess their impact on the
final decision of a transport system user.

Considerable attention is paid by scientific studies to mod-
eling the behavior of individuals when traveling. In particular,
determining the utility function to assess the attractiveness
of bicycle use after the introduction of a system of the shared
use of bicycles to travel the “first/last mile” in Beijing (China)
was reported in work [11]. The authors described the func-
tion of calculating the probability of choosing such modes of
movement as walking on foot, riding own bike, a bike from the
BSS system (Bicycle-Sharing Systems), and driving own car.
The factors of utility function include the distance of access,
age, gender, the availability of own car and /or bike, as well as
travel frequency. Work [12] developed a utility function for a
passenger to select a route between a pair of transport areas
in the city of Seoul (South Korea). The authors took into
consideration such factors as travel time in a vehicle, the time

of travel without a vehicle, the coefficient of transfers, the sta-
bility of travel duration magnitude, and a path circuity index.
However, the derived utility functions do not include the cost
characteristics of a trip, which is important during intercity
passenger transportation. In addition, paper [12] disregards
the socio-demographic characteristics of users as the travel
data were taken from smart cards’ transaction records.

Study [13] built a model of choosing a travel mode for
suburban trips (along the route Bekasi—Jakarta, Indonesia)
for connecting home and work (own car, BRT, railroad). The
impact factors are the cost, travel time, travel frequency, and
travel delays. However, the indicators chosen for the model
are important only for users older than 50.

The authors of [14] use MLM to assess the probability
of choosing a certain travel mode by a consumer in a joint
air-railroad hub for two cases of interaction between these
modes of transport — competition and cooperation. The fac-
tors of utility function are the tariff value, travel duration,
traffic frequency. However, the characteristics of an external
transport hub are not taken into consideration (in particular,
the ETH capacity is considered unlimited), which can affect
the result obtained.

In work [15], a utility function was used to form a model
of demand for tourist trips across the cities of Ukraine. A
multivariate fuzzy analysis was used to develop a determin-
istic part of the utility function. The transport zones con-
sidered were the oblasts whose attributes of power demand
for transportation were population density and the value of
average income. The attributes of the zone attractiveness
were the cost of a journey for the consumer (the distance, ge-
ometry, and quality of movement, these sub-attributes were
fuzzy) and the number of hotel rooms. However, the authors
developed only a model for assessing the likelihood of such a
trip, without specifying the mode of traveling.

Paper [16] reported the results of surveys from Krakow
students regarding their preferences when choosing a mode
of intercity travel, taking into consideration factors such
as time, distance, availability, cost, and comfort indicators.
Work [17] analyzes the data from polls, conducted in Hun-
gary, on the choice of users between the bus and rail. How-
ever, the cited works give only the actual probabilities of the
choice of a certain type of transportation calculated on the
basis of the analysis of the conducted surveys, but there is no
formed model to estimate such a choice.

In [18], the authors estimate the influence of time, cost,
and quality of travel on the choice of a railroad as a travel
mode at two alternatives — railroad and bus transport. The
authors emphasize the indicators of a trip quality but do not
take into consideration the socio-demographic characteris-
tics of the traveler.

Paper [19] addresses the formation of a function of at-
tractiveness of the way from home to work when using pub-
lic passenger transport in Kharkiv. The attributes of the
utility function are the duration of travel, the bus capacity
factor, the fare, and the number of transfers. The paper
considered trips to work, which, obviously, are the most
in-demand. However, for cities with a significant share of
students in the structure of the population, it is important
to study the peculiarities of their behavior when choosing
a travel mode.

Defining criteria for choosing the type of transport for
intercity travel and evaluating the impact of these criteria
on the user choice of a transportation type, depending on
travel conditions, is a component in determining the demand



for passenger transportation. This knowledge, in particular,
is important to plan ETH operation. Taking into account,
in the formation of the utility function for the choice of the
type of external transportation, both the characteristics of
the trip and the ETH characteristics would make it possible
to study the mutual influence of these factors on the attrac-
tiveness of a particular travel mode.

A special feature of the multi-nominal logit-models is that
the coefficients calculated for one project territory are not rele-
vant for another territory; each
case requires conducting spe- ==
cific research to choose index- We;f:}%"ﬁi:m }‘
es and calculate coefficients.
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3. The aim and objectives of
the study

The aim of this study is
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part of them are nonresident, that is, they regularly com-
mute from the city. Long-distance trips in Lviv are carried
out from 11 main hubs of external transportation: three
railroad stations, seven bus terminals, and an airport.
Taking into consideration the location of Lviv on the map
and the orientation of the main highways, seven direc-
tions for an intercity trip were chosen: western, north-
ern, northeastern, eastern, southeast, south, and south-
west (Fig. 1).
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To accomplish the aim, the
following tasks have been set:

— to define a list of attri-
butes of the utility function;

—to calculate the utility
function coefficients (based
on the information collected
by surveys or the analysis of
statistical data) and build a
logit-model for the user to
choose the type of an exter-
nal transport hub.
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4. Defining a list of attributes for the utility function of
a multi-nominal logit-model for the users to select
a transportation mode during intercity travel

4.1. Methods to study the influence of ETH charac-
teristics, as well as travel characteristics, on choosing the
type of transportation

The following methods were used in this paper:

— empirical (for surveying users of the transport system
and analyzing the information obtained);

— probabilistic-statistical (to study the behavior of TC
users in their choice of an external transport hub);

— formalization (for processing information, obtained
from polling, for further modeling);

— modeling (for the mathematical notation of the proba-
bility of choosing a certain type of ETH).

Data for our analysis were obtained by conducting sur-
veys among students who study in the city of Lviv (Ukraine).
Students are a significant group of users of transport ser-
vices, they often make long-distance trips, but the knowl-
edge of their behavior in travel is not enough.

4. 2. Descriptive statistics

Lviv is the city with a population of 760,000; its area
is 182 km?2. According to statistics, there are 120,000 stu-
dents in Lviv, that is, 16 % of the population [20]. A large

FRANKIVSKYI
DISTRICT
®PAHKIBCbKUIA
PAWOH

South-east direction
Hub A - railway
Hubs D, G & K - bus

‘SYKHIVSK\’I
DISTRICT
CUXIBCbKUMN

PAVOH it

O

a

South direction
Hubs A & B - railway

Hubs D & K - bus
Gonare:na v

Horishnii
Fopiuwnii

Fig. 1. Location of external transport hubs in Lviv

The survey was conducted in 2019. The sample consists
of 510 respondents: 58 % are students at higher educational
establishments of accreditation level 1V; 42 % are students
at educational establishments of accreditation level II1. The
respondents first indicated the direction of the trip, the exter-
nal transport hub where it started, and the frequency of the
trip. Most trips (45 %) began from the main railroad station.
Most of the surveyed students traveled east (26 %) and south-
east (24 %). The distribution of the number of trips by the re-
spondents based on these criteria is shown by charts in Fig. 2.

Regarding the travel frequency, 44 % of users would
travel to an external transport hub once a week, 16 % — more
than once a week, and 40 % — less than once a week.

The questionnaire contained the following indicators:

— average travel time;

— the average time taken to leave the place of residence to
reach the place of dispatch (external transport hub);

— the average cost of travel,

— the time interval of dispatch.

The respondents also assessed the importance of these fac-
tors. The scoring scale consists of four judgments: “very import-
ant”, “important”, “not very important”, and “least important”.

The result of polling is the obtained data on the charac-
teristics of trips made. The range of change in each metric is
divided into 5 intervals. The results are shown by diagrams
in Fig. 3.
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Fig. 2. Distribution of intercity student trips:
a — based on an external transport hub,
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based on the trip direction

Based on the derived values, it can be con-
cluded that the respondents mostly travel over
1-2 hours; the price is up to USD 2 (USD 1=
=UAH 25). In 71 % of cases, the duration of get-
ting around the city is from 15 to 45 minutes,

Percent of trips

Percent of trips

Percent of trips

Percent of trips

and the most common dispatch time (58 %) is a period from
13:00 to 18:00 hours.

If one analyzes separate trips made from railroad hubs,

and the trips starting at bus terminals, the greatest differ-
ence is observed in the distribution of the number of trips
relative to their duration (Fig. 4).
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Fig. 4. Results of choosing a transportation mode depending on the travel parameters: @ — distribution of the duration
of intercity travel for trips from railroad hubs; b —distribution of the cost of intercity travel for trips from railroad hubs;
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If we analyze the correlation between the trip duration
and its price (Fig. 5), it is clear that increasing the distance
of transportation increases the difference between the trip
duration and its cost by railroad and by bus. At the travel
duration to 1 hour, USD 2 for the trip was paid by 83 % of
the railroad users and 89 % by bus users (the difference is
only 6 %). At the trip duration from 1 to 2 hours, the same
price was paid by 56 % of railroad users and 46 % of bus
users (the difference is 10 %). At the trip duration from 2
to 3 hours, the percentage distribution is 44 % and 14 %,
respectively (the difference is 30 %). At the trip duration of
3—4 hours, the trip cost of USD 2 was paid by 43 % of the
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railroad users and 8 % of bus users (the difference is 35 %).
At the trip duration exceeding 4 hours, 14 % of users could
still take a trip by rail for such cost, however, the bus trip
attracted no users among the respondents.

Therefore, we expect a growing number of railroad trans-
port users with an increase in the duration of travel.

As regards the importance, the most important attribute
that was recognized was the duration of the trip from the
external transport hub to the destination. The second in im-
portance is the cost of traveling, followed by the time to get
around the city to a hub, and the least significant attribute
for the respondents was the time interval of dispatch.
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Fig. 4. Results of choosing a transportation mode depending on the travel parameters: a — distribution of the duration
of intercity travel for trips from railroad hubs; b —distribution of the cost of intercity travel for trips from railroad hubs;
¢ — distribution of the time to get around the city for trips from railroad hubs; d — distribution of the time periods for trips
from railroad hubs; e — distribution of the duration of intercity travel for trips from bus hubs; 7— distribution of the cost of
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5. Calculation of the utility function coefficients and the
results of building a multi-nominal logit-model to choose
a mode of transportation

A multi-nominal logit-model is used to simulate the
choice of a travel mode. The expediency of using logit-mod-
els to simulate intercity trips is confirmed by available
research [21]. The positive aspect of these models is their rel-
atively easy construction and applicability at a small number
of parameters, as well as the ability to use them to analyze
the significance and elasticity of the model parameters.

Since the students almost do not use air transport for
internal trips, the model suggests two options for travel — by
railroad and by bus. The data on trips were included in the
model as panel data.

The probability of selecting a specific alternative among
the possible ones is determined from the following formula:

V.
», ::Xp(—f/e), (1)

Y exp(V; /)

where Vj is the systematic utility of the alternative j; 0 is the
parameter from the Humbell’s distribution law; i=1...2 is the
set of possible alternatives.

The systematic utility of choosing the alternative of
traveling by bus:

2 USD USD USD then6

M rail transport M bus transport

ates the duration of travel from a bus or
railroad hub of external transport; X_,
is the attribute that evaluates the cost
of travel from a bus or railroad hub of
external transport; X, is the attribute
that evaluates the duration of travel in
the city when moving to a bus or rail—
road hub of external transport; X, i
the attribute that evaluates the p0551ble
period of dispatch from a bus or railroad
hub of external transport; B, are the
evaluation attribute coefficients.

The calculation of MLM coefficients
was performed in the Statistica software
suite. When building a database, the
results from our polling were recorded
as the following numbers:

—trip duration: 1 — to 1 hour, 2 —
from 1 to 2 hours, 3 — from 2 to 3 hours,
4 — from 3 to 4 hours, 5 — more than
4 hours;

— trip cost: 1 — up to UAH 50, 2 — from UAH 50 to 75,
3 — from UAH 75 to 100, 4 — from UAH 100 to 150, 5 — more
than UAH 150;

— duration of getting around in the city: 1 — to 15 min-
utes, 2 — from 15 to 30 minutes, 3 — from 30 to 45 minutes,
4 — from 45 to 60 minutes, 5 — more than 60 minutes;

— the time of dispatch: 1 — to 8:00 hours, 2 — from 8:00 to
13:00 hours, 3 — from 13:00 to 18:00 hours, 4 — from 18:00 to
22:00 hours, 5 — after 22:00 hours.

Information about the trip direction was introduced
based on the distribution of the total number of trips for
directions (information is in Fig. 2).

Our analysis has revealed that the influence of the city
trip duration and the time interval of dispatch does not
have a statistical significance for the investigated category
of users when selecting the type of external transport. In
addition, a greater correlation between the indicators is
observed if one separately forms the models of choice for
directions with a different proportion of route length. In
this case, this criterion was used to divide ETH into three
categories:

— the main share of routes within the limits of 100 km
(western and southwestern directions);

— the main share of routes ranging from 100 to 200 km
(north and northeast directions);

—the main share of routes more than 200 km (south,
southeast, and east directions).

USD



Table 1 gives the derived coefficients and statistical
characteristics of the obtained logit-models of choosing
the type of an external transport hub by users during their
intercity trips.

Table 1

Estimation parameters of MLM coefficients for choosing
a mode of transportation for intercity trips

Std. error
of estimate

Indicator

value by P-value

Indicator

Directions with the main share of routes up to 100 km

Alternative specific constant

for using railroads for -5.89 0.05 2.9
intercity travel
Travel direction 9.17 0.02 3.73
Travel duration 1.42 0.3 1.37
Travel cost 0.54 0.7 1.38

Directions with the main share of routes from 100 to 200 km

Alternative specific constant

for using railroads for inter- —-4.24 0.003 1.3
city travel

Travel direction 2.14 0.03 0.99

Travel duration 2.56 <0.001 0.36

Travel cost -1.59 <0.001 0.39

Directions with the main share of routes longer than 200 km

Alternative specific constant

for using railroads for 31 0.02 2.6
intercity travel
Travel direction —-0.05 0.09 1.1
Travel duration 1.87 <0.001 0.31
Travel cost —-0.98 0.001 0.3

The By, coefficients reflect the contribution of each attri-
bute to the general utility of the choice. If one analyzes the
value of the B coefficient for a trip duration indicator, the
positive coefficient values for railroad hubs indicate that,
with the growing duration of travel, the utility of choosing
these hubs would increase, and the bus hubs — decrease.

The assessment of the findings for the Fisher criterion
testifies to their adequacy (Table 2) since the significance
criterion of the Fischer criterion is less than 0.05 for most
cases, and the Fisher criterion exceeds its tabular value [22].

Table 2

Evaluation of the adequacy of the results of calculation of
MLM coefficients according to Fisher’s criterion

Trip length
Indicator To 100— Exceeding
100 km | 200 km 200 km
Fisher criterion 4.08 22.02 11.99
the Fisher aterion 308 | 262 | 266
Fisher significance criterion 0.01 <0.001 <0.001
Multiply F 0.61 0.77 0.53

As an example, the probability of a user-student to
choose, for his/her intercity trip in the northeast direction
(number 1.6), a point of departure to be a railroad hub, at
the trip duration of 2.5 hours (number 3), and the cost of
transportation of USD 2.4 (number 2), would equal 0.68.

The resulting model was tested on a test sample from
30 poll results, not included in the original dataset. The

sample included 15 variants to choose travel by bus and 15 —
by railroad. The graphical comparison of actual data and the
results predicted on the basis of the constructed model is
shown in Fig. 6.
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Fig. 6. Graphic results of checking the adequacy of
the derived logit-model

The result of testing the model is 86 % of correct results,
indicating its adequacy.

6. Discussion of results of constructing an MLM to
choose a transportation mode for intercity travel

If we analyze the distribution of passenger traffic be-
tween railroads and motor vehicles relative to student trips,
the trend would differ from the generalized nationwide sta-
tistical data in Ukraine [1]. According to our study, 53 %
of the users within this group, when choosing between
traveling by bus and by rail, select, if possible, a trip by
railroad, 47 % — by bus (Fig. 2). Therefore, it is relevant to
select the criteria for this particular group of users. Based on
an analysis of the results of our surveys in the city of Lviv,
we investigated the factors that would affect this choice. It
was assumed that such factors were the distance and travel
time, the duration of travel around the city, and the char-
acteristics of ETH operation. The results that are shown
in Fig. 5 demonstrate that, from the user point of view, the
cost and travel time are the important attributes for choosing
a mode of transportation. The smallest percentage of railroad
users is when the trip duration is within 1-2 hours (33 %),
and the largest — during long journeys (at the trip duration
longer than 4 hours, railroads are chosen by 92 % of the re-
spondents). As the travel duration increases, the difference
between the cost of traveling by bus and by rail grows in
favor of railroads (in this case, it is usually possible to choose
between more expensive and cheaper carriages). Regarding
the attributes of ETH, the choice of a transportation mode
is affected by the share of dispatches along a particular di-
rection from a hub. This indicator is especially important
for trips up to 100 km. This agrees with the results reported
in work [14]; for short travel, the frequency of movement is
important. Such indicators as the duration of getting around
the city and the time period of dispatch are not statistically
significant (Table 1).

The constructed utility functions for buses and rail-
roads (2), (3) make it possible to estimate the volumes of
travel by users of the selected category at ETH with the
known parameters of the trip. The ETH parameters are
important when choosing a transportation mode, and their



effect depends on the length of the trip, as evidenced by data
in Table 2 and the result of testing the adequacy of the mo-
del (Fig. 6). Therefore, they should be considered when sim-
ulating intercity trips.

The resulting MLM could be particularly useful for
cities with a significant proportion of students in the popu-
lation structure for the initial assessment of demand for rail
and bus intercity trips.

Given the initial limitations of the model, its application
may prove impractical under conditions when the share of
transportation by other modes of transport (for example, by
air) exceeds the magnitude of the model’s error. In addition,
additional studies are required to explore the following
conditions: a trip distance is more than 500 km, as well as
the restrictions related to the epidemiological situation. The
use of MLM coefficients for cities whose population average
income differs from that in Ukraine would require the ad-
justment of travel costs.

Since our polling revealed that a certain share of users
prefers a car-sharing system for a journey (Bla-Bla-car, etc.),
further studies may consider such a travel alternative. It may
also be advisable to introduce additional factors influencing
the model.

7. Conclusions

1. Our study helps better understand the impact of indi-
vidual attributes on choosing by users-students the type of
an external transport hub for intercity travel. As expected,

the most important factors are the trip duration and the
cost of travel, as well as the share of dispatch from an ETH
in a certain direction. It turned out that such factors as the
duration of getting around the city and the dispatch time
interval are not important for users within the investigated
group, so in further studies, these attributes may be replaced
by others.

2. We have calculated the MLM coefficients, which
characterize the importance and impact of each of the
parameters evaluated on the general utility of choosing a
particular transportation mode. These coefficients differ
depending on the length of the trip. In particular, the coef-
ficient B”"  accepts the highest value when the trip length

travel

is from 100 to 200 km, the coefficient B”” — when traveling

cost

up to 100 km, and the constant " increases dramatical-
ly with an increasing travel length. The coefficient B/
decreases with an increasing travel length, which can be
explained by that short trips are usually serviced by smaller
railroad stations with a limited choice of directions while
long-distance travel starts from the main railroad hub. The
constructed multi-nominal logit-model for the selection of
a transportation mode during intercity trips makes it pos-
sible, taking into consideration the attracting capacity of a
hub [23], to determine the probable number of trips using
a certain type of transport by users within the investigated
group. These results could be used for improving a transpor-
tation network in a city or region. It is also possible to apply
the derived utility function to simulate the functioning of
ETH in different unpredictable cases (mass events, festive
and fair days, emergencies, etc.).
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