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INDICATORS AFFECTING THE OPERATION OF
PUBLIC TRANSPORT IN REGIONS AND THEIR
INTERFACES

ABSTRACT

The article reviews qualitative and quantitative indi-
cators to measure transport demand. After the review of
the indicators and taking into account the specificity of
the analysed region and the availability of data, the se-
lected indicators were divided into five indicators groups:
demographic, public transport usage description, public
transport service and infrastructure, automobilisation and
economics. A database of relevant indicators has been de-
veloped to execute the evaluation. The study yielded three
separate results: data of city municipalities, circular mu-
nicipalities and regional municipalities. The purpose of
this article is to identify the most important indicators that
influence the passenger flows in regional public transport
and to identify the interfaces between the indicators. The
main raised hypothesis was that different groups of munic-
ipalities will have different key indicators influencing the
use of public transport and that public transport planning
cannot follow the same methods. Multiple Variable Analy-
sis and Simple Regression Analysis were chosen to test the
hypotheses and clarify the most important indicators. The
analysis shows that unemployment has the greatest impact
on the number of passengers on suburban routes, while
bus mileage on suburban routes has the smallest impact.
The number of buses also has an impact on suburban pas-

senger flows.
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1. INTRODUCTION

Public transport is an intelligent, efficient and
sustainable mode of transport [1]. It is vital that sus-
tainable public transport systems enable the society
to travel with a minimum travel time, distance and

cost [2]. Public transport is at the heart of mobility
due to its capacity, economy, spatial rationality and
environmental acceptability [3].

Service quality and innovation create a positive
image of public transport, and only a positive im-
age encourages people to use public transport rather
than private transport [4]. High quality public trans-
port is often seen as means of rural development
that allows people to stay in rural areas, because
public transport becomes a viable means of travel to
work or school [5].

In most literature sources, public transport indi-
cators and parameters are generally divided into two
categories: qualitative and quantitative. According
to Burinskiené, Paliulis & Uspalyté-Vitkiiniené [6]
& Jurkauskas [7], the main qualitative indicators are
regularity, frequency, travel time and safety of pub-
lic transport. Jurkauskas [7] proposes the following
main quantitative indicators: number of transported
passengers, travel time of a passenger, number of
passengers transported per hour and exploitation
speed. According to Cascetta & Carteni [8], quan-
titative indicators are average travel time, waiting
time, costs and qualitative indicators, whose im-
pact on user behaviour is more difficult to assess.
Qualitative indicators would include travel comfort,
information and personal safety. Frequency, con-
venience, reliability and travel time are the most
common characteristics of regional public transport
quality discussed in the literature [9].

In EN 13 816: 2002, public transport indicators
are classified into eight main categories: accessibili-
ty, availability, information, time, customer service,
comfort, safety, impact on the environment [10].
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The level of public transport services in both urban
and rural areas is limited by many other addition-
al factors: attitude of service staff (drivers), ticket
prices, punctuality, stability of service provision,
convenience of accessing the public transport sta-
tions / stops [11].

Carter & Lomax [12] classified public transport
indicators into six groups: economy (cost per kilo-
metre, cost per hour), cost effectiveness (passenger
travel cost), service use / efficiency (frequency per
kilometre, frequency per hour), vehicle utilisation /
efficiency (kilometres travelled per vehicle), quali-
ty of service (average speed, vehicle mileage in the
event of an accident), labour productivity (number
of passenger trips per employee, vehicle kilometres
per employee).

A slightly different classification was proposed
by Meyer [13], who classified the indicators of pub-
lic transport into three categories. The first category
consists of general service indicators, such as the
population of the served area, the number of passen-
ger trips, vehicle kilometres and hours. The second
category includes efficiency measures: provision of
services (number of passenger trips per inhabitant,
number of passenger trips per hour), service quality
(average speed, number of accidents), availability
(frequency, route kilometres). The third category
includes efficiency measures: cost-effectiveness
(operating costs per passenger trip, cost per revenue
hour), use of the vehicle (vehicle kilometres and
hours during peak hours), productivity (number of
trips per passenger), energy consumption (vehicle
kilometres per kWh), ticket price.

In conclusion, it was decided to analyse indica-
tors in five groups — demography, quantity, service
quality, automobilisation and economy. The main
focus was pointed to the service quality describing
public transport service and infrastructure indica-
tors and to the economic indicators which have an
influence on the mobility of citizens in total.

The purpose of this article is to identify the
most important indicators influencing the passenger
flows in regional public transport and to identify the
interfaces between the indicators. Theoretical an-
alytical method of statistical analysis is applied to
achieve this purpose — a simple and multiple regres-
sion analysis is performed, with the help of which
an empirical model of multiple regression of Lithu-
anian public transport is created.

It is hypothesised that different groups of munic-
ipalities will have different key criteria influencing
the use of public transport and that public transport
planning cannot follow the same methods. Exclu-
sive criteria can have a radically different impact
depending on the type of municipality. Another hy-
pothesis was that the use of public transport does
not depend solely on the level of public transport
service. Knowing the most important criteria, it is
possible to plan the public transport service more
efficiently according to the type of municipality.

The overview of indicators is presented in the
next section. The third section is dedicated to the
methodology, the fourth section presents the results,
and the fifth section presents the conclusions, dis-
cussions and suggestions for upcoming studies.

2. INDICATORS FOR PUBLIC
TRANSPORT IN THE REGIONS

Regional public transport also consists of two
types of service — suburban public transport and in-
tercity public transport. Suburban public transport
serves more densely populated areas near major cit-
ies, while intercity public transport serves the entire
territory of the regions. The service of the regions
by public transport consists of both of these com-
ponents, which complement each other. Therefore,
it is important to analyse both of these components.

Based on the literature analysis and the collected
data, the indicators affecting the demand for pub-
lic transport in the regions are classified into five
groups: demographic indicators, public transport
usage indicators, public transport service and infra-
structure indicators, automobilisation indicators and
economic indicators (7able I).

Demographic indicators

The group of demographic indicators consists of
the average population, population density and av-
erage age of the population.

The Canterbury Public Transport Plan 2018-2028
emphasises that public transport operators avoid
serving sparsely populated areas and low density
regions due to inefficiencies [14]. Providing remote
areas with public transport services has always been
problematic: a dispersed network of settlements and
a low population density have never promoted high
demand [15, 16]. According to Yigitcanlar, Rashid
& Dur [17] population density determines traveller
behaviour for four reasons:

850

Promet — Traffic& Transportation, Vol. 34, 2022, No. 6, 849-861




Ranceva J, et al. Indicators Affecting the Operation of Public Transport in Regions and Their Interfaces

Table 1 — Description of the indicators

Group of indicators

Indicator name

Unit of measure

Demographic indicators

Average population (x,) inhab.
Population density (x,) inhab./km?
Average age of the population (x) years

Public transport usage indicators

Passenger turnover on suburban routes (y,)

total passengers km

Passenger turnover on intercity routes (y,)

total passengers km

Number of passengers on suburban routes (y;) passengers/year
Number of passengers on intercity routes (y,) passengers/year
Bus mileage on suburban routes (x,) km
Bus mileage on intercity routes (x;) km
Number of buses (x,) unit
Pl%bhc transportlserylce and Number of bus routes (x.) unit
infrastructure indicators 7
Frequency of bus routes (xg) buses/day

Accessibility of bus stops (x)

%

Number of bus trips per inhabitant (x, )

unit/1 inhab.

Automobilisation indicators

Length of car roads (x,,)

km

Level of automobilisation (x,,)

vehicles/1,000 inhab.

Number of cars (x,;) unit
Unemployment level (x, ) %
Average salary (x,) Eur
Revenue from ticket sales (x,,) Eur
Economic indicators
Compensations (x,,) %
Dotations/subsidies (x,5) %
Financing indicator (x,) Eur/ha

- higher population density expands local person-
al contacts and activities that can be carried out
without the use of motor vehicles;

- higher population density widens the range of lo-
cal services, thus reducing the need for travel;

- higher population density reduces the travelled
distance between homes, services, workplaces;

- higher population density — more passengers us-
ing public transport.

It can be argued that in suburban areas with a low
population density, residents travel longer distances
than in suburbs with a high population density. A
study by Borg & Ihlstrom [17] in low-density rural
areas in Sweden (Ostergdtland, Dalarna and Jimt-
land) determined that residents prefer to drive cars
than to use regular public transport because of the
biggest advantage of cars — flexibility. Daniels &
Mulley [18] argue that flexible public transport ser-

vices in sparsely populated areas are a valuable per-
spective that should be taken into account compared
to limited schedule public transport services.

Public transport often becomes the only available
means of transport for young and older people [19].
The age of the population in the region affects the
demand for public transport. Ricciardi et al. [20], a
study in Perth (Australia) found that even if the older
population reaches 70%, the usage of public trans-
port increased just to 25 %.

Public transport usage indicators

The group of public transport usage indicators
consists of the passenger turnover on suburban and
intercity routes and number of passengers on subur-
ban and intercity routes.

Passenger turnover is expressed in passenger kilo-
metres obtained by summing the passengers distanc-
es travelled by buses [21]. According to a study by
the Baltic Institute for Research and Development
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[22], the public transport passenger turnover in
the world has not increased for many years com-
pared to the total passenger turnover in all modes of
transport. People experiencing economic hardship
are quicker to refuse to travel by bus than travel by
train, metro or car. According to the International
Transport Forum, the demand for public transport
for suburban passengers as well increase of passen-
gers kilometres will be more efficient than in urban
areas [23].

The number of passengers is a key indicator of the
productivity of public transport, taking into account
the number of passengers carried by public transport
vehicles on a daily basis [24]. According to the Lith-
uanian Department of Statistics, 372,883,600 passen-
gers were transported by road in the country in 2019.
In Lithuania, the problems of smaller towns and
villages are often associated with half-empty public
transport. The number of people wishing to use pub-
lic transport services is low, so buses often carry only
five passengers in rural and suburban areas, or some-
times less than two [25].

In order to assess the impact of COVID-19 on
Lithuanian passenger transport by bus and to see
predictions for Lithuanian passenger transport devel-
opment after 2020, an expert survey was conducted.
Experts believe that the average volume of intercity
passenger transport in Lithuania will decrease by
30-90%, while local (urban and suburban) passenger
transport will decrease from 20 to 40%. According
to experts, the Lithuanian passenger bus sector will
recover in 1-2 years. Local (urban and suburban)
passenger bus transport is expected to recover faster
[22]. Due to the COVID-19 pandemic, as a result of
the temporary reduction in the number of passengers
carried on intercity routes, operators are planning to
reduce the route network in order to minimise losses.

Public transport service and infrastructure
indicators

According to Eboli & Mazzulla [26], the pub-
lic transport service category includes the bus route
network characteristics by route and coverage, num-
ber of bus stops, distance between stops, location of
stops and service characteristics such as frequency
of service, duration of services, travel time, need for
transfers.

The group of public transport service and infra-
structure indicators consists of the bus mileage on
suburban and intercity routes, number of buses, num-
ber of bus routes, frequency of bus routes, accessibil-
ity of bus routes, number of bus trips per inhabitant.

The mileage indicator is the number of kilome-
tres travelled by all buses during the reporting peri-
od. The indicator includes kilometres travelled by
public vehicles with or without passengers [21].

Frequency is also an important indicator for pub-
lic transport passengers [27]. Very often in remote
areas buses run every hour, but there are exceptions
when routes are not available (mid-morning and
early afternoon). For example in the city suburbs
of the Netherlands, the frequency of public trans-
port is 15-30 minutes, while in the rural areas it is
30-60 minutes [28]. Passengers in areas where the
bus stops network is not well developed face the so-
called “last mile problem” [29].

Hansson et al. [5] indicated that a distance of 1,000
m is the limit for walking to the bus stop on foot. Peo-
ple living away from the nearest bus stop use public
transport even more. This statement is supported by
a study by Bos [30]. The study shows that 46% of
respondents living more than 3,000 m from the near-
est bus stop use public transport every day, and only
32% of those living less than 500 m from the nearest
bus stop use public transport every day.

Uspalyté-Vitkiiniené & Burinskiené [31] define
the following values of accessibility of territories:
when 80-100% of the area is reached by public
transport, the area is considered to be fully accessi-
ble; when 60-80% of the area is reached by public
transport, the area is considered to be well accessi-
ble; when 40-60% of the area is reached by pub-
lic transport, the area is accessible; when 20—-40%
of the area is reached by public transport, the area
is little accessible; when up to 20 % of the area is
reached by public transport, the area is inaccessible.

Another indicator is the number of bus trips per
inhabitant per day, called population mobility which
is important by defining the need of public transport
service in the area.

Automobilisation indicators

The group of automobilisation indicators con-
sists of the length of car roads, level of automobili-
sation and number of cars.

Increase of living standards threaten the priority
of public transport as more and more people choose
private, faster, more convenient transport [4]. How-
ever, according to official calculations, the use of
a car is cheaper only for short distances, assuming
that more than one person is transported [32].

Due to the growing number of cars, the number
of passengers in public transport services is con-
stantly decreasing [33]. 90% of trips are made by
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private car in Lithuania, therefore it is very import-
ant to promote the sustainability of the local subur-
ban public transport system. Suburban public trans-
port systems no longer meet the needs of the current
population and do not ensure the desired quality of
transport, therefore the use of private cars is increas-
ing in Lithuania, as in other countries in the world.
High vehicle traffic leads to congestion, which has
a negative impact on the economy, social welfare,
health and the environment [34]. Road congestion
is one of the biggest problems in all countries of
the world. According to various estimates, the con-
gestion is growing and costing the European Union
around 1% of GDP [35].

It is not surprising that the European Commis-
sion has focused on solving the problem of auto-
mobilisation, because the growing number of ve-
hicles is a major cause of environmental pollution,
accounting for around 40% of CO, emissions and
70% of other air pollutants [36]. It is predicted that
form 2015 to 2050 CO, emissions from non-urban
passenger transport will double [37].

Economic indicators

The group of economic indicators consists of the
unemployment level in the region, average salary,
revenue from ticket sales, compensations and dota-
tions/subsidies percents, financing indicator.

The average salary of the population has some
effect on the people mobility and to the choice of
transport modes. Whether a public transport ser-
vice is affordable for people depends on salaries
and ticket prices. Clearly, ticket price is not a major
factor in the shift to public transport, with the ex-
ception of low-income consumers, for whom travel
costs are a vital factor [26]. The results of a Christ-
church City Council (CCC) [38] survey showed that
29% of respondents living in Christchurch (New
Zealand) asked for a reduction in ticket prices. This
move would encourage them to travel with public
transport.

Unemployment level is an indicator expressed
as the proportion of the unemployed to the labour
force, it has influence on the mobility in total and to
the dependence on the public transport service.

The public transport service must be available to
all social groups in society in terms of price, com-
pliance with quality requirements, but at the same
time providing economic benefits to operators. Rev-
enue from ticket sales is an indicator of economic
efficiency is important in the planning of tariff and
pricing systems [39]. Ticket prices are one of the

main sources of revenue for public transport oper-
ators. The Lithuanian municipalities usually set the
price for the trip. It also provides for an addition-
al 30 cents per passenger or an additional 5 cents
per kilometre if the route is inefficient but service
should be provided for the social needs [40, 41].
The prices of intercity routes tickets depends on the
distance of the trip. The Ministry of Transport of
the Republic of Lithuania sets the maximum tariff
limits.

In any case, public transport operators are
obliged to provide the service incurring costs. Loss-
es incurred by public passenger transport operators
are covered by two types of compensation: com-
pensations where the carriers are reimbursed for the
benefit itself, and subsidies where the revenue with
compensation does not cover the costs of the oper-
ators. The loss of revenue for operators based on
monthly reports on discounted tickets is compensat-
ed from the budgets of municipalities [42].

The special feature of the bus transport system
is that routes connecting local centres are profitable,
and routes connecting small settlements often re-
quire dotations/subsidies [43]. The dotations/subsi-
dies are needed because the current transport tariffs
are lower than those that would allow the company
to operate profitably [44]. The amount of dotations/
subsidies varies from country to country and region
to region. In the case of Sweden, the dotations/sub-
sidies for local and regional public transport is on
average 52% [45]. For example, in Hanover, dota-
tions/subsidies cover only 15% of losses, in Stock-
holm 50% and in the Hague 68%. Most Baltic cities,
including Copenhagen and Malmo, have subsidies
between 30% and 60% [46].

Another economic indicator under consideration
is the public transport funding indicator (the sum of
revenue from tickets, dotations/subsidies and com-
pensation divided by the area of the municipality).
These indicators show the financial capacity of the
region to provide the service and increase the level
of comfort.

3. METHODOLOGY

3.1 Database of the analysed indicators

The database of the analysed indicators (7able 1)
is based on the data collected by the Department of
Statistics of the Republic of Lithuania and by the
authors. The databases, and at the same time the
data sample, reflect the fragmentation of Lithuania
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into 60 municipalities. Demographic, public trans-
port usage or motorisation level and part of the eco-
nomic (unemployment level, average salary) data
are collected by the Department of Statistics. Other
data was collected by the authors after carrying out
the survey of municipalities and operators of the
Republic of Lithuania by e-mail. As far as possible,
the calculations used data from 2019, as the use of
public transport has decreased significantly due to
the global COVID-19 pandemic.

Before conducting the analysis of the research,
the collected database was checked: indicators with
too little data were rejected and data that deviated
from the context of the sample were deleted.

3.2 The progress of the research

The progress of the research is shown in Figure 1.

At first, a Multiple Variable Analysis was per-
formed between all variables to calculate correla-
tions between pairs of variables. In this research, a
Pearson correlation coefficient was calculated (de-
noted by the letter ) (Equation 1), which shows the
strength of the correlation between two variables on
a scale from -1 to +1. The perfect positive correla-
tion is +1. The perfect negative correlation is -1. If
there is no correlation, » will be close to 0 [47].

Selection of
regional public

transport
~ indicators
" Filling in the
database of
the analysed
. indicators
Checking the
indicators
database

b y

. Performing a ]

éui-x)(yi-y)
\/é(xi_x)z' .

where 7 is the correlation coefficient, y is the depen-
dent variable, x is the independent variable and » is
the sample size [48].

The correlation strength of the correlation coef-
ficient is interpreted on the basis of the following
ranges [49]:

(1

M=

l(y,-—j/)z

| | < 0.3 very weak correlation;

0.3 <|r|<0.5 weak correlation;

0.5 <| 7| < 0.7 mean correlation;

0.7 <|r|<0.9 strong correlation;
0.9 <|r| <1 very strong correlation.

In the Multiple Variable Analysis, the P-value
was also determined, which shows the statistical
significance of the calculated correlations. P-val-
ues lower than 0.05 indicate statistically significant
non-zero correlations at 95.0% confidence level.

The analysis shows which pairs are statistically
significant and which indicators correlate with the
key indicators: number of passengers on suburban
routes (y,), number of passengers on intercity routes
(v,), passenger turnover on suburban routes (y,),
passenger turnover on intercity routes (y,).

- Indicators with insufficient data are
rejected.

- Data that deviate from the sample context
are deleted.

multiple
variable
analysis

Performing a
simple
regression
analysis
Performing a
multiple
regression

analysis

Figure 1 — The progress of the research
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Simple Regression Analysis was performed with
statistically significant indicators (P-value<0.05).
The linear relationship was determined between the
dependent variable (y,, y,, 5, ¥,) and the statisti-
cally significant indicator. Expression of a Simple
Regression Analysis model (Equation 2):

y=PotPixte 2

where £, is constant, £, is the coefficient to indepen-
dent variable and ¢ is the random error component
[50].

A Multiple Regression Analysis method is used
to identify the most characteristic indicators influ-
encing the demand for public transport and their
interfaces. Multiple Regression Analysis shows the
relations between the dependent variable (y,, y,, v,
v,) and all significant independent variables. Ex-
pression of a Multiple Regression Analysis model
(Equation 3):

y=Bo+Bixi+PBaxa+ ...+ Bpxpt+ € (3)

where f,, ,, ﬁp are coefficients to independent vari-
ables and x|, x,, X, are independent variables [49].

When P-value is greater than or equal to 0.05
in a Multiple Regression Analysis, this indicator is
not statistically significant at the 95.0% confidence
level. Such an indicator is removed from the mod-
el, and the Multiple Regression Analysis is repeated
with the remaining indicators until all model indica-
tors are statistically significant.

4. RESULTS

During the research, the data of the database was
divided into three groups: data of city municipalities,
circular municipalities (which are surrounding the
biggest cities) and regional municipalities. City mu-
nicipalities consist of seven municipalities, six cir-
cular municipalities and 47 regional municipalities.
As Lithuanian municipalities were divided into three
groups, this study yielded three separate results.

Statistical analysis of the indicators on which pub-
lic transport passengers flows may depend was per-
formed by using a statistical software Statgraphics.

4.1 Results of the circular municipalities

In the analysis of circular municipalities, it was
initially decided to remove the x,4, x5, x,,, X, indi-
cators from the study due to the lack of data for most
municipalities. Also, due to the lack of data, the re-
lation between the number of passengers on inter-
city routes (y;), the passenger turnover on intercity

routes (y,) and all other indicators are not examined
in this case. This was followed by multiple variable
analysis, which identified one correlated pair — the
number of passengers on suburban routes (y,) and
the bus mileage on suburban routes (x,). Therefore,
only simple regression analysis is performed in this
study. The results are as follows:

Table 2 — Results of simple regression analysis of circular
municipalities

Model Coefﬁglents t-statistics | P-value
for variables
Constant -176120 -0.948606 0.4128
Bus mileage on
suburban routes 0.462285 4.62405 0.0190
(xy)

From Table 2 we can see that the indicator is sta-
tistically significant, because P-value<0.05. In this
case, the correlation coefficient is 7=0.937, which
means there is a very strong correlation. The model
of simple regression analysis was obtained as fol-
lows:

y3=176120+0.462285 - x4

“4)

where y, is the number of passengers on suburban
routes and x, is the bus mileage on suburban routes.

According to Equation 4, the number of passengers
on suburban routes strongly depends on the mileage
of the buses on suburban routes. That means that if
the public transport service stays in the high service
level, it would attract more passengers.

Due to the lack of data on the variables of circu-
lar municipalities and too small statistical sample
(six circular municipalities), a reliable multiple re-
gression model could not be created.

4.2 Results of the city municipalities

In the analysis of city municipalities, it was de-
cided to remove the x,4, X,¢, X,,, X, indicators from
the study due to the lack of data for most municipal-
ities. Data that falls out of the sample context were
also deleted.

This is followed by a Multiple Variable Analysis
that identifies statistically significant pairs for which
simple regression analyses are performed: between
the dependent variable — number of passengers on
suburban routes (y;) and independent variables —
X4 Xg X5 between the dependent variable — num-
ber of passengers on intercity routes (y,) and inde-
pendent variables — x;, Xg, X¢, X1, X 3, X;5 X0s Xys5
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between the dependent variable — passenger turnover
on intercity routes (y,) and independent variables —
X9y X5 Xyq5 X35 X195 X3, X|, X5, X, In this case, the
indicator passenger turnover on suburban routes (y,)
has no correlation with any of the indicators under
consideration.

The strongest correlation was observed in simple
regression analyses between the dependent variable
— number of passengers on intercity routes (y,) and
independent variable — number of bus routes (x.).
In this case, the correlation coefficient is 7=0.998,
which means a very strong correlation. The follow-
ing results of this simple regression analysis were
obtained:

Table 3 — Results of the most characteristic simple regression
analysis of city municipalities

Model Coefﬁ(flents t-statistics | P-value
for variables
Constant 41875.5 2.18865 0.0938
Number ofbus 3294.96 31.009 | 0.0000
routes (x,)

From the 7able 3 we can see that the indepen-
dent variable is statistically significant because
P-value<0.05. The model of simple regression anal-
ysis was obtained as follows:

y4=41875.5+3294.96 - x7

)

where y, is the number of passengers on intercity
routes and x, is the number of bus routes.

Equation 5 shows that the number of passengers on
intercity routes depends on the number of bus routes.
It could be explained that public transport has higher
attraction where the PT route network is more ex-
panded and people could choose more directions to
do their trips.

Then multiple regression analyses are performed
with statistically significant indicators. The equation of
multiple regression analysis was obtained as follows:

(6)

where y; is the number of passengers on suburban
routes, x, is the bus mileage on suburban routes, x,
is the number of buses and x,, is the unemployment
level.

In this case, the correlation coefficient /=1, which
means that there is a 100% correlation (+*=100%)
and a very strong relation.

A multiple regression analysis of city munici-
palities has shown that the unemployment rate has
the strongest impact on the number of passengers

y3=462598.+53197.1 - x14+770.041 - x6 +0.26191 - x4

on suburban routes and bus mileage on suburban
routes has a lower impact. It is becoming clear that
the higher the unemployment level in cities, the
more population is dependent on cheaper public
transport. It can also be seen that the number of bus-
es also affects passenger flows in the suburbs. This
confirms the assumption that the higher the public
transport supply, the higher the demand for public
transport.

4.3 Results of the regional municipalities

This is followed by a multiple variable analysis
that identifies statistically significant pairs for which
simple regression analyses are performed: between
the dependent variable — number of passengers on
suburban routes (y;) and independent variables — x,,
X3 Xp5 X35 Xy Xq05 X140 X165 DEtween the dependent
variable — number of passengers on intercity routes
(v,) and independent variables — x, x4, X,, X,; be-
tween the dependent variable — passenger turnover
on suburban routes (y,) and independent variables —
X5 Xg X135 X 1> X35 X105 X14» X > DEtween the dependent
variable — passenger turnover on intercity routes
(v,) and independent variables — x, x .

The strongest correlation was observed in sim-
ple regression analyses between the dependent vari-
able — number of passengers on intercity routes (y,)
and independent variable — bus mileage on intercity
routes (x;). In this case, the correlation coefficient
is 7=0.937, which means a very strong correlation.
The following results of this simple regression anal-
ysis were obtained:

Table 4 — Results of the most characteristic simple regression
analysis of regional municipalities

Model Coefﬁ@ents t-statistics | P-value
for variables
Constant 15273.1 2.09727 0.0448
Bus mileage on
intercity routes 0.139637 14.4455 0.0000
(x5)

From 7able 4 we can see that the indepen-
dent variable is statistically significant because
P-value<0.05. The following model of simple re-
gression analysis was obtained:

y4=15273.1+0.139637 - x5

(7

where y, is the number of passengers on intercity
routes and x; is the bus mileage on intercity routes.
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Equation 7 shows how strongly the number of pas-
sengers on intercity routes depends on the bus mile-
age on intercity routes.

Furthermore, multiple regression analyses are
performed with statistically significant indicators,
removing statistically insignificant indicators from
the model until all model indicators are statistically
significant (P-value<0.05).

When the dependent variable is the number of
passengers on suburban routes (y,),s the results of
the multiple regression analysis are as follows:

Table 5 — Results of multiple regression analysis of regional
municipalities when the dependent variable is y,

ya=15273.1+0.139637 - xs 9)

where y, is the number of passengers on intercity
routes and x; is the bus mileage on intercity routes.

Since the correlation coefficient of the model is
r=0.937 (>=87.80%), this means that there is a very
strong correlation. Equation 9 shows that only bus
mileage on intercity routes has an impact on the num-
ber of passengers on intercity routes.

When the dependent variable is the passenger
turnover on suburban routes (y,), the results of the
multiple regression analysis are as follows:

Table 7 — Results of multiple regression analysis of regional
municipalities when the dependent variable is y,

From 7able 5 we can see that the indepen-
dent variable is statistically significant because
P-value<0.05. In this case, the following equation of
the multiple regression analysis model is obtained:

V3 =-20591.9+0.454482 x4 ()

where y, is the number of passengers on suburban
routes and x, is the bus mileage on suburban routes.

Since the correlation coefficient of the model
is 7=0.805 (77=64.85 %), this means that there is
a strong correlation. Equation 8 shows that only bus
mileage on suburban routes has an impact on the
number of passengers on suburban routes.

When the dependent variable is the number of
passengers on intercity routes (,), the results of the
multiple regression analysis are as follows:

Table 6 — Results of multiple regression analysis of regional
municipalities when the dependent variable is y,

Coefficients for .. Coefficient:
Model X t-statistics | P-value octhcients |, ot B

variables Model for variables t-statistics | P-value
Constant 220591.9 -0.397715 0.6930 Constant 4.36507E6 3.15324 | 0.0033
Bus mileage on E“imﬂeage on 274491 | 548204 | 0.0000

suburban routes | 0.454482 8.59065 | 0.0000 suburban routes (x,)
(x,) Unempl((’zm)em level | 303167 | -2.51907 | 0.0165

14

Model Coefﬁgents for t-statistics P-value
variables
Constant 15273.1 2.09727 0.0448
Bus mileage
on intercity 0.139637 14.4455 0.0000
routes (x;)

From Tuble 6 we can see that the indepen-
dent variable is statistically significant because
P-value<0.05. In this case, the following equation
of the multiple regression analysis model is ob-
tained:

From 7auble 7 we can see that the indepen-
dent variables are statistically significant because
P-value<0.05. In this case, the following equation of
the multiple regression analysis model is obtained:

(10)
where: y, is the passenger turnover on suburban
routes, x, is the bus mileage on suburban routes, and
x,, 18 the unemployment level.

Since the correlation coefficient of the model
is 7=0.783 (7*=61.38 %), this means that there is a
strong correlation. According to Equation 10, the un-
employment level has the highest impact on passen-
ger turnover on suburban routes and the bus mileage
on suburban routes has the least impact.

When the dependent variable is the passenger
turnover on intercity routes (y,), the results of the
multiple regression analysis are as follows:

y1=436507E6 +2.74491 - x4- 393167 - x14

Table 8 — Results of multiple regression analysis of regional
municipalities when the dependent variable is y,

Model Coefﬁ(;lents t-statistics | P-value
for variables
Constant 630048 1.00577 0.3228
_ Bus mileage on 6.72233 8.08441 | 0.0000
intercity routes (x.)

From Tuble 8 we can see that the indepen-
dent variable is statistically significant because
P-value<0.05. In this case, the following equation of
the multiple regression analysis model is obtained:

Promet — Traffic& Transportation, Vol. 34, 2022, No. 6, 849-861
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y2= 630048 +6.72233 - x5

(11)

where y, is the passenger turnover on intercity
routes and x; is the bus mileage on intercity routes.

Since the correlation coefficient of the model
is 7=0.832 (7>=69.27 %), this means that there is a
strong correlation. Equation 11 shows that only the
bus mileage on intercity routes has an impact on
passenger turnover on intercity routes.

After analysing the results of multiple regression
analyses of regional municipalities, it is concluded
that both intercity and suburban passenger flows de-
pend on bus mileage. Passenger turnover on subur-
ban routes has an additional strong correlation with
the unemployment level. This relation is logical, as
working people of the regions are forced to com-
mute to work and those who are unemployed almost
do not use the public transport service at all.

S. CONCLUSIONS AND DISCUSSIONS

By summarising the outcomes from the regres-
sion analysis some tendencies could be seen. In all
types of municipalities, the number of passengers
depends on the level of public transport service. In
cities, the number of passengers depends mainly on
the coverage of the public transport network and the
number of routes, which leads to a greater choice
of travel destinations for the population. There is a
dependence on mileage in circular and regional mu-
nicipalities, which indicates a higher frequency of
public transport. In places where the frequency of
public transport is low, the public transport service
cannot be adapted to the needs of the citizens and
they are forced to choose other modes of transport,
which reduces the number of passengers in public
transport.

Another important indicator in the operation of
regional public transport is the level of unemploy-
ment in the region. Unemployed people in the re-
gions are losing the need to travel every day; as a
result, the importance of frequent public transport
is reducing too. Regions with low levels of unem-
ployment are highly dependent on regular public
transport services, as residents of the region use it
on a daily basis for business travel. Applying the
presented models for planning a public transport
service will be a more integrated and thus more sus-
tainable solution to the problems of regional public
transport can be found, which would help to attract
more citizens to use public transport while contrib-
uting to lower CO, emissions.

The main conclusions of the paper as follows:

1) In most literature sources, public transport in-
dicators and parameters are generally divided
into two categories: qualitative and quantitative.
The main qualitative indicators are the regular-
ity, frequency, travel time and safety of public
transport. Therefore, the main quantitative in-
dicators would be the following: the number of
transported passengers, travel time of a passen-
gers, number of passengers transported per hour
and exploitation speed. Frequency, convenience,
reliability and travel time are the most common
characteristics of regional public transport quali-
ty discussed in the literature.

2) The indicators for the analysis of public trans-
port were clustered in five groups — demography,
quantity, service quality, automobilisation and
economy. The main focus was pointed to the ser-
vice quality describing public transport service
and infrastructure indicators and to the economic
indicators which influence the mobility of citi-
zens in total.

3) Due to the lack of data on the variables of the
circular municipalities and too small statistical
sample, it was not possible to create a reliable
model of multiple regression analysis.

4) A multiple regression analysis of city munici-
palities has shown that the unemployment rate
has the strongest impact on the number of pas-
sengers on suburban routes and bus mileage on
suburban routes has the least impact. There is
a direct dependency in a city or suburb, which
shows that the more unemployed the population,
the more they are dependent on cheaper mode of
travel. It can also be seen that passenger flows
in the suburbs are also affected by the number
of buses. This confirms the assumption that the
higher the public transport supply, the higher the
demand for public transport.

5) After analysing the results of multiple regres-
sion analyses of regional municipalities, it is
concluded that both intercity and suburban pas-
senger flows depend on bus mileage. Passenger
turnover on suburban routes has an additional
strong correlation with the unemployment level.
This is the reverse dependence: the higher the
unemployment level in the regions, the lower the
need to use the public transport service because
the population is not forced to go to work.
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6) The research shows a causal dependence that
the more passengers use the public transport, the
higher the mileage of the buses or number of bus
routes. Dependence indicates the satisfaction of
the need.
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RODIKLIU, JITAKOJANCIU REGIONINIO
VIESOJO TRANSPORTO DARBA IR JU
TARPUSAVIO SASAJU ANALIZE

SANTRAUKA

Straipsnyje apzvelgiami kokybiniai ir kiekybiniai ro-
dikliai, jtakojantys viesojo transporto poreikj. Atsizvel-
gus | analizuojamo regiono specifikq bei duomeny prie-
inamumg, atrinkti rodikliai suskirstyti j 5 rodikliy grupes.
demografinius, viesojo transporto keleiviy pervezZimo,
vieSojo transporto aptarnavimo ir infrastruktiiros, auto-
mobilizacijos ir ekonominius. Analizei atlikti buvo sukur-
ta nagrinéjamy rodikliy duomeny bazé. Tyrimo metu
gauti 3 atskiri rezultatai: miesty savivaldybiy, Ziediniy
savivaldybiy ir regioniniy savivaldybiy. Tyrimo tikslas —
nustatyti svarbiausius rodiklius, jtakojancius regioninio
vieSojo transporto keleiviy srautus ir nagrinéjamy ro-
dikliy tarpusavio sgsajas. Pagrindiné iskelta hipotezé
yra ta, kad skirtingos savivaldybiy grupés turés skirtin-
gus pagrindinius rodiklius, jtakojancius vieSojo trans-
port poreikj, todél viesasis transportas turi biiti planuo-
Jjamas skirtingai. Hipotezéms patikrinti ir pagrindiniams
rodikliams identifikuoti buvo atlikta keliy kintamyjy
analizé ir poriné regresiné analizé. Atlikta analizé paro-
do, kad stipriausiq jtakq keleiviy skaiciui priemiestinio
susisiekimo marsrutais turi nedarbo lygis, o mazZiausiq
— priemiestiniy marsruty autobusy rida. Priemiesciy ke-
leiviy srautams jtakos turi ir autobusy skaicius.

RAKTINIAI ZODZIAI

Regioninis viesasis transportas, rodikliai; poriné
regresiné analizé; daugianaré regresiné analizé,;
koreliacijos koeficientas.
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