TRANSPORT TECHNOLOGIES

Vol. 2, No. 2, 2021

Mykola Zhuk, Halyna Pivtorak, Ivanna Gits
Lviv Polytechnic National University
12, Bandery Str., Lviv, 79000, Ukraine

© M. Zhuk, H. Pivtorak, I Gits, 2021
https://doi.org/ 10.23939/tt2021.02.011

ASSESSMENT OF SUSTAINABILITY OF THE LVIV CITY TRANSPORT
SYSTEM ACCORDING TO THE INDICATOR OF ACCESSIBILITY

Summary. Transport accessibility of the territory determines the possibility of getting a
certain area using a certain transport mode of the existing transport network. The paper describes
the concept of accessibility of the territory as a factor of sustainability of the urban transport system
and methods of its assessment for urban conditions. It is proposed to use the indicator of the number
of non-stop public transport routes between transport zones as a criterion for the “cost” of travel.
Non-stop travel increases the comfort of public transport and reduces the financial costs of the
passenger. The route network of the city of Lviv and interconnections of transport zones by public
transport routes (bus, tram, and trolleybus) are analyzed. Modelling of passenger traffic volumes
and their distribution by modes (private transport, public transport, and pedestrian traffic) was done
in the PTV Visum software based on the matrix of a duration of movement and the matrix of the
number of non-stop routes. It was found that at commensurate distances between transport zones,
the number of non-stop routes increases the share of public transport users. The relationship
between the number of non-stop routes and the share of public transport users is described by the
logarithmic dependence. Comparing the simulated passenger flows on the public transport routes
with the results of field researches, it was found that taking into account the number of non-stop
routes between transport zones during the simulation allows increasing the accuracy of the results.
Further research may focus on analyzing the impact of other factors that characterize the
accessibility of the territory on the distribution of transport users between modes, and on the
development of recommendations to the responsible city authorities to improve the city's passenger
route network.

Keywords: transport system, route network, transport accessibility, transport modelling,
transport modes.

1. INTRODUCTION

Sustainable development is a general ideology of human development in general and individual
regions, which includes a set of measures aimed at improving the living standards of the population, taking
into account the requirements of future generations.

The concept of sustainable development is based on three components: economic growth, social
integration, and the environmental component (environmental protection). Regarding transport systems,
the main problems from the point of view of assessing their sustainability are the problem of congestion,
the problem of significant dependence on energy resources, and the problem of insufficient quality of
transport infrastructure in many regions [1, 2].

Among the main criteria for the effectiveness of the transport system and the assessment of the
convenience of transportation of the population are mobility, accessibility, network connectivity, and
the level of transport discrimination [3]. Transport accessibility of the territory can be assessed by the
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possibility of reaching certain zones using a certain mode's choice of the existing transport network
[3]. In fact, the availability indicator reflects the utility of the trip between two points, describing the
complexity of this trip [4].

Accessibility is increasingly seen as one of the important criteria for assessing the level of integration of
transport systems and improving the quality of transport services for passengers [5]. Accessibility of public
transport is especially important in the design and evaluation of the transport system in terms of
sustainability because the transition to public and non-motorized types of travel in the city is one of the key
elements of sustainable urban mobility [6, 7].

2. RESEARCH STATEMENT

The authors [8] interpret the concept of accessibility as an opportunity for the passenger to choose
the place of departure, mode choice, and route at each stage of planning and execution of the trip. This
approach requires a shift from mobility-oriented transport planning to accessibility-oriented planning.

Modern literature often uses the concept of transport accessibility as a criterion for the efficiency of
high-speed rail transport [9—-11]. The authors note that the availability of high-speed rail significantly
improves the attractiveness of the territory, contributing to its economic development and competitiveness.
However, they warn of a possible negative effect for other areas, as the expansion of the high-speed
railway network may lead to an increase in spatial imbalance.

Regarding the bus route network, among the latest scientific publications, it is worth noting the study
[12], which assessed the availability of the Beijing bus network taking into account the intervals between
vehicles, the number of routes, and the volume of traffic flows. The authors [13] consider the availability of
transport zones as places of employment and studying on the example of Bogota. In addition to transport
characteristics, the work also takes into account the structure of the population by average income.

The purpose of this paper is to assess the impact of transport accessibility of the territory on the
distribution of trips of users of the urban transport system between the modes of movement in a large city
(on the example of Lviv).

3. ASSESSMENT OF THE IMPACT OF TRANSPORT ACCESSIBILITY
OF LVIV ZONES ON THE DISTRIBUTION OF TRIPS BETWEEN MODES
The most generalized expression for estimating availability A4; was given by Koenig, who presents it
as a function of the costs incurred by the user when performing the move [14]:

J

where O; — opportunities (utility or activity) to be gained from travelling to location j; C; — cost (time,
financial, etc.) of travelling from location i to location j.

In fact, to determine accessibility, you need to have information about the “cost” of moving between
the origin and the destination zones for a particular user of transport services. The simplest indicator of the
cost of travel is the distance you need to cover. However, the cost of travel is often a much broader
concept, which may include the characteristics of the transport or route network, frequency, speed,
comfort, financial, and time costs of travel [15].

System models of transport accessibility are based on accessibility matrices between individual
points. Matrices can contain data on any type of travel costs (time, financial), can be balanced by data on
the number or structure of the population [16].

The key elements in determining accessibility are the characteristics of the transport infrastructure,
which not only provides the existing connections but also must have reserves to ensure the growing
mobility of the population.

When traveling through the city, for most public transport users, the criterion for choosing a route is
the non-stop trip. When you have to pay for each trip separately, this criterion is often more important than
the distance or duration of travel. Therefore, when assessing the accessibility of urban zones in terms of
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public transport, it is advisable to take into account the number of possible alternative routes between each
pair of transport zones.

Lviv route network consists of 7 tram routes, 10 trolleybus routes, 21 routes served by high-capacity
buses, and 28 routes served by medium-capacity buses. There is no metro and other types of public
transport in Lviv with a large carrying capacity, which suggests the equivalence of existing routes. For
modeling in the PTV Visum software, the city territory was divided into 20 transport zones. Each zone is
characterized by the origin and destination correspondences, which, respectively, are determined by the
number of inhabitants in the zone and the number and volume of points of attractiveness for travel for
different purposes (work, study, shopping, etc.) — Fig.1. To assess the interconnection of transport areas by
the public transport network, we determined the number of routes passing through each transport zone and
calculated a matrix of the number of non-stop routes connecting these zones (Fig. 2 and Table 1). This
information is entered into the model as input data.
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Fig. 1. Map of the transport zones of the Lviv city

The indicator of the number of routes per unit area (km?) of the transport zones is also calculated.
This indicator is the largest for the central zones of the city (31 public routes pass through the city center
(transport zone N 14), from 24 to 30 routes pass through the 15, 16, 17, and 19 zones close to the center,
the average value of the indicator is 18.4 routes/km?), for other zones, it ranges from 0.36 to 4.19.

Among the 190 pairs of transport zones under consideration, 38 do not have a direct connection by
public transport routes (20 %). Another 16 % of zones are connected by only one non-stop public transport
route, 29 % by two or three such routes, and 35 % have more than three route options to travel between
transport zones.



14 M. Zhuk, H. Pivtorak, I. Gits

W - high-capacity buses routes

B - tram routes
12

% - trolley routes

- medium-capacity buses routes

Number of routes
]

: N Ul]ljl ]

9 10 11 12 13 14 15 16 17 18 19 20
Number of transport zones

Fig. 2. Diagram of the number of routes that pass through the transport zones of Lviv
Table 1

Matrix of the number of non-stop public transport routes connecting pairs of transport zones of Lviv
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For modelling, the daily number of public transport trips in urban areas uses a four-stage model of
transport demand [9]. To use it in PTV Visum, you need to perform the following basic procedures:
— procedure “Trip generation”: in that stage, for each transport zone and each demand stratum, the
origin and destination correspondence are calculated. Production of transport zone is calculated
with the help of formula [17]:
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where a, — the coefficient, a production rate that shows a number of trips per structural property unit;

S-G,(i) — the number of inhabitants of a zone i.

The attractiveness of the transport zone (Z)) is similarly determined (based on the characteristics of
the points of attractiveness).

— procedure “Trip distribution™: in that stage, the elements of the demand matrix for each demand

stratum using a gravity model are calculated:
szkij'Qi'Zj'f(Uij)a 3)
where k;; — attractiveness factor for OD pair zone i to zone j; f{U;;) — value for the utility between zones.

The utility function may take the form Logit, Kirchhoff, BoxCox, Combined, or TModel.

— procedure “Mode choice”: breaks down the total demand into the transport modes (private

transport, public transport) based on mode-specific impedance skims.

The Logit function has the form:
fUp =, 0

Usually, the value of the utility is distance or travel time. However, when moving by public
transport, the number of routes connecting each pair of transport zones is important. Therefore, the inverse
matrix of the number of routes is used as a cost matrix for the public transport mode.

— procedure “public transport assignment”: in that stage, the matrices of correspondence received

at the third stage are distributed on routes of public transport.

As a result of modelling, the distribution of trips from each transport zone on modes is received:
private transport, public transport, and walk or by bicycle. That is, in particular, 190 values of the share of
public transport users were obtained. The analysis of the obtained results (example — Fig. 3) showed that at
commensurate distances between zones, the increase in the number of routes connecting them affects the
redistribution of passenger traffic between modes (increasing the share of public transport users).
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Fig. 3. Comparison of changes between modes choice for pairs of transport zones

Fig. 4 shows the graphical relationship between the number of non-stop routes connecting a couple
of zones of origin and the destination of the trip and the percentage increase in the number of users of
public transport. The dependence is described by a logarithmic curve with a coefficient of determination
equal to 0.93. As the number of routes increases from 0 to 15, the number of public transport users
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increases by 20 %. Further increase in the number of routes already has a negligible effect on the growth of
the share of public transport volume: with the increase in the number of routes from 15 to 25, the share of
public transport users increases by 4 %, and from 25 to 35 — by 2 %.
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Fig. 4. Relationship between the number of non-stop routes between transport zones
and the share of users who use public transport to trip between them

As a result of the fourth stage of modelling using PTV Visum, we have both the general distribution
of passenger flows through the network and the average values of passenger traffic per turn-around on each
of the routes of public transport.

To assess the feasibility of using the matrix of the number of routes as a cost matrix for public
transport, simulation of the distribution of passenger flows based on the matrix of travel time, but with all
other parameters, which are the same, was carried out.

To analyze the obtained simulation results, field researches were conducted on two trolleybus routes
(# 32 and # 29), two tram routes (# 3 and # 6), and four bus routes (## 10, 18, 47A, and 52). Field
researches on each of the routes were conducted during the peak period of working days of the week. The
results of these researches for bus route # 18 are presented in Fig. 5.
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Fig. 5. The results of field research of passenger traffic on the public route #18
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The obtained simulation results based on the matrix of the number of routes between transport
zones, the matrix of the duration of the trip between the transport zones, and the data of field researches are

presented in Table 2.
Table 2

Comparison of the results of field researches and modelling of passenger flows in PTV Visum

The route The passenger volume on the route per turn-around time, obtained as a result
Route number | turn-around field research modelling modelling
time, min (average mean) (number of route matrix) (travel time matrix)
Trolley # 29 47 176 180 205
Trolley # 32 50 186 165 185
Tram # 3 45 249 264 280
Tram # 6 55 218 225 241
Bus # 10 85 142 134 150
Bus # 18 130 199 206 218
Bus # 47A 163 202 213 225
Bus # 52 136 180 191 200

The comparison of the obtained results shows that the modelling of passenger flows on public
transport routes, taking into account the data on the number of non-stop routes, gives values that are closer
to the results of field researches.

4. CONCLUSIONS AND RESEARCH PERSPECTIVES

One of the criteria for the sustainability of the city's transport system is to minimize the use of a
private car for daily trips in the city. That is, the larger the share of public transport users in the overall
structure of traffic, the more sustainable is the city transport system. The distribution of trips between
modes depends, in particular, on the accessibility of transport zones. This study was conducted to
determine the impact of the availability of transport zones on the distribution of trips in Lviv. As a criterion
of accessibility, it is proposed to take into account, in addition to the duration of travel, the number of non-
stop routes of public transport.

The study found that the number of such routes affects the share of public transport users: with
commensurate travel times, the increase in the percentage of public transport travels is logarithmic. The
growth of the share of public transport users in the range of changes in the number of non-stop routes from
0 to 15 is particularly active.

The results of modelling (in the PTV Visum software environment) of passenger traffic on separate
routes of public transport with the results of field researches on these routes were also compared.
Modelling, using as a matrix of cost data on the number of routes, gives results that are closer to the results
of field researches compared to the results of modelling only based on the matrix of travel time by public
transport. The obtained results show that taking into account the number of non-stop routes between the
transport zones of the city during the modelling of passenger flows increases the accuracy of such
modelling.

Further research may be aimed at studying the impact of other parameters of accessibility of
transport zones on the distribution of trips between modes.
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OLIHKA CTAJOCTI TPAHCIIOPTHOI CUCTEMH
MICTA JIBbBOBA 3A KPUTEPIEM JOCTYIHHOCTI

Anomauia. Tpancnopmua oocmynHicme mepumopii SUZHAYAE MOICIUBICHb OO0CASHEHHS
neeHoi OLIAHKY 3 BUKOPUCHIAHHAM HEBHO20 PEeXCUMY NepeMiujerHs HaAA8HOI0 MPAHCHOPMHOI0 Mepe-
arcero. 'V pobomi oxapakmepu3o8aHo NOHAMMS OOCMYNHOCHI MEPUMopii K YUHHUKA CMALOCHI
MiCbKOI mpancnopmuoi cucmemu ma cnocoou it oyinKu 01t MICbKUX YMO8. 3anponoHo8ano GuKo-
PUCMAHHS ROKA3HUKA KiTbKocmi 6e3nepecadkosux mapuipymis epomadcvkozo mpauncnopmy (I'T)
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MIDIC MPAHCROPMHUMU  PAUOHaMu sIK Kpumepilo “‘eéapmocmi” nepemiwjenv. besnepecadxosicme
noi30KU NidsuUWye KOMPOPmM NoOOPOACi 2POMAOCLKUM MPAHCROPMOM MA 3MEHULYE (DIHAHCO8T
sumpamu nacaxcupa. Ilpoananizosano mapwpymuy mepesxcy micma Jlb6oéa ma 63aem038 A3KU
MPAHCNOPMHUX PAUOHIE MAPWUPYMAMU 2POMAOCHKO20 MPAHCIOPMY (A8MOOYCHUMU, MPAMBAHUMU
ma mponetioycuumu). Ilpogedeno moodenioganus 00CA2i6 NACANCUPONOMOKI6 Ma ix po3nodiny 3a
pedicumamy  (MpUeAMHULL MPAHCHOP, 2POMAOCHKULL TMPAHCHOPM | PYX NiWKY) 8 NpocpaMHOMY
cepeoosuwi PTV Visum na ocnosi mampuyi mpuganocmi nepemiyeHns ma mampuyi KilbKocmi
be3nepecadkosux mapuipymis. Busieneno, wo 3a cniemiprux @iocmauei Migj¢ mMpaHCHOPMHUMU
pationamu KitbKicms Oe3nepecadkosux Mapupymie 30i1buye 4acmKy KOpucmysauie epomaocbKo2o
Mpancnopmy. 38 ’A30K Mixc KITbKicmio 6e3nepecadkosux Mapuipymie ma 4yacmroio KOpUchygadie
I'T onucyemvcs nozapugmiunoro 3anedxcnicmio. [lopieHAHHAM 3MO0ETbOGAHUX NACANCUPONOMOKIB
na mapwpymax I'T 3 pe3yriomamamu HAmypHux 00CmedlceHb, UABIEHO, W0 8PAXYB8AHHI KITbKOCHI
be3nepecaokogux Mapupymie MisC mpancnopmHUMU PAUOHAMU N0 YAC MOOETIOBAHHA 0AE 3MO2Y
30LLWUMU MOYHICMb OMpUManux pesyavmamis. Tlooanvuti 00CioNceHHs: MOXNCYymb Oymu CRpSMO-
6AMHI HA AHANI3 BNIUBY THWUX YUHHUKIB, SKI XApaAKmMepu3yioms 00CHMYNHICIMb Mepumopii, Ha po3no-
Ol KOPUCMYBAHI8 MPAHCNOPMY MINC PEHCUMAMU, MA HA PO3POOKY PeKOMEHOayil 8i0n068I0aAIbHUM
OP2AHAM MICbKO20 YAPAGIIHHS 000 800CKOHACHHS MICbKOL NACANCUPCHKOL MAPUPYIMHOT MepeCi.

Knrouoei cnosa: mpauncnopmua cucmema, mMapuipymua mepestcd, MmpaHcnopmua 00Cmyn-
HiCMb mepumopii, MOOeN08AHH MPAHCNOPIY, PENCUMU NePeMIilyeHHSL.



