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Abstract: This study analyzes the type and direction of the impact of external factors on
the operating results of the public transport organization operations. The multivariate
regression model using the hierarchical method was applied in the study, which was utilized
to indicate which of the factors and in what way affect the operating results of the investigated
public transport organizations. Several variables from the NTD database on passenger
transport were selected for the analysis, considering a type of organizations providing
services of direct transport (transit company) or services contracted with a third party
(private operator). In terms of external factors, the ones directly related to providing
transport services and being on the side of passengers were identified and selected. In turn,
the operating result was defined as the difference between revenues from fares and operating
costs. The ultimate model included four factors that adequately include the explanatory
variable and determine passenger potential. The empirical results indicate that
the organizations that suffer losses simultaneously serve a significant part of the passenger
transport market. At the same time, the operating result in public transport is significantly
determined by passenger kilometers, the number of passengers, the population of the
urbanized area, and average travel cost. These are the major factors in predicting the
operating result in public transport. The vast majority of the surveyed public transport
organizations recorded a loss proportional to the market share. Therefore, a decline in the
level of individual factors determining passenger potential reduces the level of potential
revenues from fares, and this, in turn, increases the loss. Therefore, when planning the
operations of public transport, it is crucial to pay attention to primarily the factors
determining the demand for this type of service.
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Passenger potential and the operating result of the public transport organization

Introduction

An important role in the development of public transport is played by creating an
effective system of public transport contributing to a sustainable improvement in the
quality of life of society on a local, regional, and national level (Stjernborg &
Mattisson, 2016; Buzasi et al., 2015; Chen & Hisham Hashima, 2016). Hence, the
extent of public transport is not limited only to cities but to entire urbanized areas
(over 50% of the world population live in urbanized areas) (World Urbanization
Prospects, 2019). This system is shaped, among others, based on economic solutions
and social expectations. Therefore, the shape of the public transport network is the
result of the impact of many needs and the possibilities of their implementation,
while these processes occur in parallel and affect transport services (Pavol et al.,
2018).

Public transport satisfies certain transport needs, using various branches and means
of transport available in the specific geographical areca. Well-targeted investments
and the accessibility of infrastructure encourage the use of public transport and
simultaneously contribute to an improvement in the economic condition of the
served areas and transport organizers (Basso & Silva, 2014). A. Ardila-Gomez and
A. Ortegon-Sanchez (2016) claim that public transport is of crucial importance for
economic development and an improvement in the quality of life of citizens by
providing access to places and activities for work, and education, services, or leisure.
Moreover, O. Oliinyk et al. (2021) claim that providing high quality and inexpensive
public transport system requires striving for a financial balance, which means that
revenues must be sufficient to cover new infrastructure investments while financing
the maintenance and exploitation of the existing assets and services.

At the same time, revenues from ticket fares very often do not cover the marginal
cost of providing the service (Holmgren, 2014). This is particularly beneficial for
passengers who need transport in a specific area. The positive operating result of the
public transport organization operations is determined by fixed and variable costs,
the tariff setting policy, or competition from private vehicles, especially in sparsely
populated areas (Horcher &Tirachini, 2021). Therefore, further research focuses on
the identification and assessment of factors relating to the demand for public
transport services, influencing the level of revenues and operating costs in the order
of significance of their impact. It is assumed that isolating some significant factors
in predicting the level of the operating result will increase the impact of the public
transport organization on the level of the generated profit or reduce its loss.

1. Literature review

Public collective transport has been losing popularity for years. Travelers less and
less often choose this mode of transport to move in urban and non-urban areas,
despite the growing population of global economies. The most important function of
public collective transport is to provide a transport service to a group of people. This
function determines the efficiency of the transport system in relation to the
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achievement of public objectives (Yankevich, 2019). The second very important
function is to stimulate the development of a certain area by developing the supply
of transport services and accessibility to places. An effectively operating and
developed public transport system should meet the challenges of constantly
increasing availability in time and the space of transport services, the need to develop
intermodal transport as well as challenges of reducing transport costs (Setamanit,
2019). The implementation of individual challenges results from specific conditions.
They, among others, refer to the quality of infrastructure, efficient organization of
processes, and relevant resources (Martinez & Viegas, 2017).

The application of principles of logistics in public transport allows for continuous
optimization of transport processes understood as the participation of operators and
structural objects in the process of providing all transport services (Satek, 2021;
Poliak et al., 2018). The logistic approach during the development of the technical
infrastructure of passenger transport consists primarily of the shortest possible
connections between the main locations where passenger flows are generated (Xu et
al., 2013; Chen et al., 2018). The logistic approach to management by means of
passenger flows requires the combination of separate elements of the transport
process in a way that will be able to provide transport services at the highest possible
quality level at the lowest possible costs (Konecny et al., 2018). The proper
management of this system is difficult and requires extensive knowledge of factors
that have a significant impact on the most efficient implementation of the transport
process and optimization of related costs (Boschman & Kwan, 2008; Vakula &
Raviteja, 2017). On the other hand, understated fares, and public budget support help
to reduce various external costs related to environmental pollution and the risk of
accidents (Litman, 2022; Bayar et al., 2020). The financing of activities of public
transport primarily needs to be dealt with by public local government budgets (Poliak
et al., 2017; Trippner-Hrabi & Podgorniak-Krzykacz, 2018; Androniceanu et al.,
2022).

There are many factors that affect the choice of means of public transport by potential
passengers. They include, among others, availability, environmental aspects,
infrastructure, or demographics of a specific area (Ryley et al., 2014; Mishchuk et
al., 2019). The choice of the public means of transport is fairly stable in big cities, in
particular, due to the growing daily mobility of inhabitants (Szoltysek, 2009;
Pawlasova, 2015; Shen et al., 2016). In medium and small towns and villages, this
positive trend is generally not present. This is mainly due to the often lower comfort
of travel compared to passenger cars or the unpunctuality of public transport. There
are also problems with safety and proneness to numerous disruptions in the
smoothness of the transport process (Xylia & Silveira, 2017; Matei &Luca, 2022).
All of this creates not a sufficiently positive image of collective public transport in
society (Delbosc & Currie, 2011). Therefore, it is important to effectively encourage
the use of public transport services in urban areas. Moreover, according to K.
Janovska et al. (2021), there is a need in the public sector to change the approach to
the effectiveness and financial management in the public sector, including public
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transport to ensure maximum efficiency of services provided with the proper use of
public funds.

The appropriate level of ticket fares in public transport and the number of passengers
using this type of transport should at least reduce the final losses incurred by public
transport organizers. Any additional financial resources generated, in turn, boost the
development of cities and urban areas served by public transport. G.G Noja et al.
(2021) indicated there is a strong positive relationship between public expenditure
and economic and social development.

2. Research methodology
2.1 Data source

There are many definitions of the operating result in the literature. For the purposes
of the research and on the basis of the available data, in this study, it is the difference
between revenues from ticket fares and operating costs. Hence, it will relate to direct
revenues and expenses from passenger services in both rail and road transport. The
set of data used in the research came from the National Transit Database (NTD) and
included current annual data on public transport broken down by the mode and type
of service (NTD Data, 2020, https://www.transit.dot.gov/). All the reported data
include:

e Directly Operated (DO) — the service provided directly by the transit company

e Purchased Transportation (PT) — the service contracted with a third party, usually

a private operator.

The database included public means of both rail and road transport. All the analyzed
data are quantitative. The preliminary database contained 2246 lines from which the
entities inactive in the last analyzed year (which did not provide data) were removed.
Subsequently, the lines with missing data were also removed. After cleaning the
database, 884 lines remained for further analysis. In order to remove outliers, the
boxplot of the standardized values of all the variables was generated (Figure 1).

Figure 1. The boxplot of all the standardized observations
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According to the generated boxplot, which was the summary of the selected
standardized variables, one may identify single observations, e.g., 648, 803, 434 etc.,
which should be excluded from the further study. In total, nine observations, which
significantly stood out from the other data, were excluded. Finally, the analysis
included 875 observations. The general characteristics of the research sample broken
down by the structure of the surveyed public transport organizations are presented
in Table 1.

Table 1. Characteristics of organizations providing public transport services

Market Share in Share in Operating
Public transport organization share the passenger result
number of | Kkilometers | [$ million]
Clty, County or Local Government 30.93 21.87 -4060
Unit or Department of 40.6 ’ '
Independent Public Agency or 526 63.60 72.19 -11135
Authority of Transit Service i
MPO, COG or Other Planning 2.4 0.25 1.23 =24
Other Publicly Owned or Privately 0.3 1.61 1.33 -125
Chartered Corporation )
Private Provider Reporting on 07 0.05 0.20 -11
Behalf of a Public Entity ’
Private-For-Profit Corporation 0.2 0.04 0.26 0.5
Private-Non-Profit Corporation 1.0 0.07 0.05 -17
State Government Unit or 11 0.94 1.32 -169
Department of Transportation ’
Subsidiary Unit of a Transit Agency, 0.3 1.85 1.36 372
Reporting Separately ’
University 0.7 0.66 0.18 2

When analyzing the results of public organizations in detail, it is observed that losses
are suffered by the organizations that simultaneously have the largest share in
serving the public transport market. In turn, profit is generated in
the organizations with a smaller range. The organizations that generated a profit
receive more revenue from passenger fares in relation to operating costs incurred. In
the case of the other organizations, the number of passenger kilometers and
the number of passengers ought to translate into an increase in the level of fares as
well as more efficient management of expenses related to variable and fixed costs of
the maintenance and use of transport infrastructure.

2.2 Research method

In order to identify and select important factors influencing the operating result of
public transport organizations, the multivariate regression model was used. Multiple
regression is an extension of simple regression with one predictor and allows for
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verifying in what way several explanatory variables explain the dependent variable.
This method makes it possible to determine the extent to which all
the predictors together explain the variance of the results of the dependent variable.
Moreover, it provides information on the relationship of each independent variable
with the dependent variable. The general equation for multivariate regression (1) has
the form (Alexopoulos, 2010):

Yi=bo+b *x1+by*xp+ ...+ b *xi (1)

In this equation, Y; denotes the predicted value of the explained variable when
considering the specific value of the first predictor X, the second predictor Xa; bo
denotes the intersection of the regression plane with the axis Y, i.e.,
the predicted value of the dependent variable, when both predictors equal 0. B; and
b, are the regression coefficients informing on how fast the value of the dependent
variable changes along with an increase in the predictor by one unit.

In order to consider the strength of individual relationships of
the independent variables (hereinafter called predictors), selected for the study with
the dependent variable, the hierarchical regression model was used to increase
the accuracy of prediction. Due to such a regression analysis, it is possible to obtain
information on whether adding another predictor significantly improved the fit of
the model, i.e., whether an increase in R? is significant. When adding another
variable to the model, the value of the R? statistics always increases, therefore, it is
worth verifying if the change is significant. In this way, individual factors, which,
according to the r-Pearson testing, have the strongest links with the phenomenon
considered, were successively introduced into the model.

3. Results
3.1 Defining the model components

In order to check in what way external factors influence the level of the operating
result (profit or loss), the following set of final variables considered in the study was
defined.

The dependent variable Y — the value of the variable of the operating result (Var19)
calculated as the difference in revenues from fares and operating costs of the public
transport organization in individual populated areas of the country.

The independent variables Xi, i.e., predictors, i.e.:

1. Population of the urbanized area (Var9) is expressed as the number of inhabitants
living in the geographical space, mainly in the urban area.

2. Population of the area served by the organization (Varll) expressed as
the number of inhabitants living in the geographical space, served by one of the
public transport organizations.
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3. Passenger kilometers (Varl2) expressed as the number of passenger kilometers
performed by means of passenger transport throughout the year.

4. Average Cost per Trip (Varl7) expressed in dollars as the ratio of total operating
costs to the number of unrelated passenger journeys.

5. Square kilometers of the urbanized area (Var8) is expressed as the number of
kilometers of the surface of the urbanized area.

6. Square kilometers of the urbanized area served by one of the public transport
organizations (Varl0) is expressed as the number of kilometers of the surface of
the urbanized area served by one of the public transport organizations.

7. Average Trip Length (Varl4) is expressed as the ratio of passenger kilometers to
the number of unrelated passenger journeys.

All the data are quantitative. Both the predictors and the dependent variable are
expressed on a continuous quantitative scale.

3.2 Testing the theoretical assumptions

The condition for applying multivariate regression is the lack of strong correlation
between the individual predictors (Krzysko & Waszak, 2013). For this purpose, the
preliminary study of the correlation with the Pearson test was carried out. Both the
significance of the relationship between single variables and the strength of the
relationship is included in Table 2.

Table 2. Correlations between the variables considered

Correlation
- \ . Populatio
- o Square 'Square e
Operain P”r'_':”;?“” passengsr | AVETa0e | Kilometers | kilometers n;"_";" Unlinked | Average
n:sultg Lnl:-uanr'd ki\'n:'t?:s Costper ofan ofan s'r'?ri by Passeng trip
® hized omEt Trip urbanized | urbanized | Z°0CC0 | erTrips | length
area N - the
area area R
agency
Operating result (Var19) Pearson's coefficient
Population of an urbanized | Pearson's coefficient 7,27?"
O3 (L Significance (two-tailed) | ,000
Passenger kilometers Pearson's coefficient -,EZ?" ‘284“
R Significance (two-tailed) | ,000 000
Average Cost per Trip Pearson's cosfficient 1337 |- 036 180"
arin Significance (wo-tailed) | 000 293 000
Square kilometers of an Pearson's coefficient 7,295" ‘835" ,297” 020
urbanized area (Vars) Significance (wo-tailed) | 000 000 000 545
Square kilometers of the Pearson's coefficient -,071 065 LET N -010 112"
area served by the agency -
a0y Significance (two-tailed) | 037 055 008 763 001
Population of the area Pearson's cosfficient .398" 5337 4367 -039 5047 arg”
served by the agency
var11) Significance (two-tailed) | 000 ,000 ,000 246 ,000 000
Unlinked Passsnasr Trips | Pearsan's coefficient -846" 2137 839" -213 27 [ o7 269"
Wari3) Significance (wo-tailed) | 000 000 000 000 000 619 000
Average trip length (var14) | Pearson's coefficient 007|004 051 -,036 023 2537 216" -122"7
Significance (two-tailed) | ,003 817 128 ,283 498 000 000 000
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Based on the analysis of the correlation between the individual independent
variables, i.e., predictors, strong correlations were indicated for the variables, i.e.:
Square kilometers of an urbanized area (Var8); Square kilometers of an urbanized
area served by the agency (Varl0) and Population of the area by the agency (Varll),
for which r > 0.4. The strong mutual relationship between these variables excludes
them from further study. At the same time, the predictor Average Trip Length
(Var14) is very weakly correlated with the dependent variable, therefore, it was also
removed from the further analysis. All the other analyzed predictors, i.e.: Var9,
Varl2, Varl3, and Varl7 are significantly correlated with the dependent variable Y
(Operating results — Var19) and weakly with each other, which fulfills the conditions
for conducting the process of the multivariate regression analysis.

The results of the multivariate regression analysis carried out using the input method
began with the summary of the average value of the individual variables
(Table 3).

Table 3. Average values of the variables studied

Variables Average value
Passenger kilometers 20.46 million km
Unlinked Passenger Trips 2.21 million passengers
Population of an urbanized area 1.88 million people
Average Cost per Trip 28 $/trip
Operating result $-18.14 million

The obtained information indicates that the average number of kilometers performed
by passengers in the analyzed period amounted to over 20 million. More than 2
million passengers used public transport at that time, and the average level of the
population was 1.88 million people. The average unit travel costs amounted to $28.
The average financial result was $18 million on average, and it was negative. This
means that a significant proportion of organizations that deal with providing
collective public transport suffer a financial loss. In total, these are ten different
organizations, among which on average only two organizations record operating
profits, i.e.: University (A) and Private-For-Profit Corporation (B). For the other
organizations, i.e.. MPO, COG or Other Planning Agency (C); Private Provider
Reporting on Behalf of a Public Entity (D); Private-Non-Profit Corporation (E);
City, County or Local Government Unit or Department of Transportation (F); State
Government Unit or Department of Transportation (G); Independent Public Agency
or Authority of Transit Service (H); Other Publicly-Owned or Privately Chartered
Corporation (I) and Subsidiary Unit of a Transit Agency, Reporting Separately (J),
it is a loss. The graphical presentation of the operating result for organizations
providing public transport services is illustrated in Figure 2.
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Figure 2. The average level of the operating result broken down
by the type of organization providing collective public transport
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3.3 Modelling predictions for the operating result

According to the assumption of the hierarchical regression (like Radkiewicz &
Zielinski, 2010), the variables will be introduced into the model in the selected order,
according to the strength of the relationship with the dependent variable. Therefore,
the order of introducing the variables into the model is the following: i.e.: Varl3 for
r=0.846; Varl2 for r= 0.827; Var9 for r =0.277 and Varl7 for r= 0.133. Table 4
summarizes the independent variables selected for the analysis with the order of their
introduction to the model broken down by the impact on the dependent variable. In
the case of the hierarchical analysis with four predictors, the summary of the four
models will be obtained (Table 4).

Table 4. The variables introduced into the model

Model Variables introduced Method
1 Passenger kilometers (Varl2) Introduction
2 Unlinked Passenger Trips (Varl3) Introduction
3 Population of an urbanized area (Var9) Introduction
4 Average Cost per Trip (Varl7) Introduction

The results in Table 5 indicate that the first of them is the same as in the case of
simple regression. In turn, each subsequent one shows whether adding another
predictor significantly improved the accuracy of prediction. Therefore, the most
relevant part of the analysis is the results for step 4, in which the total impact of all
the predictors on the dependent variable is analyzed.
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Table 5. The model — the summary step by step

Change statistics
Model | R R? | Cor.R* | R-square | F ofthe at | an glgl::ini;gceai
change change ce
1 0.846| 0.716 0.715 0.716 23.88 1 875 <.001
2 0.873| 0.762 0.761 0.046 16.68 1 874 <.001
3 0.875| 0.765 0.765 0.003 12.52 1 873 <.001
4 0.876| 0.768 0.767 0.003 10.27 1 872 .001

The first value R= 0.846 corresponds to the strength of the correlation with one
predictor, in turn, the other Rs inform the strength of the multiple correlations and
describe the degree of the linear relationship between two variables —
the dependent variable and the other, which is the linear combination of the
predictors calculated according to the formula (2) (Bedynska & Brzezicka, 2007):

R= M+ i1y + Bolup + -+ Biluk @)

where [ stands for standardized regression coefficients

r — coefficients of the correlation of the predictor with the dependent variable.

The value of the corrected R? in the second step was 0.761 and it means
an increase in R? by 0.046, i.e., by 6%. Adding the second predictor significantly
improved the prediction, since the value of the F test (2.874) = 16.68; p <0.001. The
value of the F test (3.873) = 12.52; p <0.001 means that adding the third predictor
was statistically significant. Also, adding the fourth predictor significantly improved
the prediction of the model, since F (4.872) = 10.27; p <0,001. The R? value, close
to one, means a good fit to the model, due to which it is possible to explain
the variability of the phenomenon at the level of at least 70%.

Table 6. The analysis of variance

Model Sum of squares df Mean square F Significance
1 |Regression 138.000 1 138.00 | 22.881 <.001
Residual 55.000 875 9.900
Total 194.000 876
2 | Regression 147.000 2 739.000 | 23.215 <.001
Residual 46.000 874 5.100
Total 194.000 876
3 | Regression 148.000 3 495.000 | 24.283 <.001
Residual 45.000 873 5.600
<
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Model Sum of squares df Mean square F Significance
Total 194.000 876
4 | Regression 149.000 4 372.000 | 23.097 <.001
Residual 45.000 872 5.400
Total 194.000 876

Based on Table 6, it is possible to observe that the model with four predictors
explains more variance than the model with one predictor. The value of the F
statistics for the model is F (4.875) = 23.097; p < 0.001. This means that the model
significantly explains the variability of the operating results of organizations dealing
with collective public transport. To verify the predicted values of the regression
coefficients for both predictors, the values of the coefficients in Table 7 should be

read.

Table 7. Estimating the coefficients of the regression model

Non-standardized coefficients Standar'dlzed
Model coefficients t p
B Stand. error Beta
1 (Interce | -5613527.414 88884.864 -6.316 <.001
pt)
Varl3 5.654 0.120 -0.846 -46.946 <.001
2 (Interce | -4284791.038 82021.018 -5.224 <.001
pt)
Varl3 -3.438 0.203 -0.514 -16.959 <.001
Varl2 -0.305 0.023 -0.395 -13.026 <.001
3 (Interce | -2721121.343 92695.076 -2.936 .003
pt)
Varl3 -3.472 0.202 -0.520 -17.221 <.001
Varl2 -0.288 0.024 -0.374 -12.153 <.001
Var9 -0.967 0.273 -0.061 -3.539 <.001
4 (Interce -15320.880 125005.842 -0.012 .990
pt)
Varl3 -3.537 0.202 -0.529 -17.547 <.001
Varl2 -0.290 0.024 -0.376 -12.288 <.001
Var9 -0.954 0.272 -0.060 -3.510 <.001
Varl7 -9.030 2.478 -0.054 -3.206 .001

To predict the operating results based on the successively introduced independent
variables, i.e.: Unlinked Passenger Trips; Passenger kilometers, Population of an
urbanized area, and Average Cost per Trip, the hierarchical regression analysis was
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carried out. These factors relating to the demand side of public transport services
constitute a certain type of passenger potential.

The assumed model, considering four predictors (Table 7), significantly better
predicts the operating results of public transport organizations, which is indicated by
the R? change (change = 0.052, i.e., by 7.2% and p <0.001). The model turned out to
be a good fit for the F data (4; 872) = 10.27; p <0.001. All the predictors allow for a
significant prediction of the dependent variable, whereas Unlinked Passenger Trips
(beta =-0.529; p <0.001) is a stronger predictor than Passenger kilometers (beta = -
0.376; p <0.001), which, in turn, is a stronger predictor than Population of an
urbanized area (beta = -0.060; p < 0.001), and this, in turn, is stronger than Average
Cost per Trip (beta =-0.054; p < 0.001). This model (3) can be written as:

Yi=-15320.880 — 3.537 Unlinked Passenger Trips — 0.290 Passenger kilometers -
0.954 Population of an urbanized area — 9.030 Average Cost per Trip 3)

The intercept at the level of -15320,880 does not change depending on
the change in the predictor, which means that the lack of the impact of the factors
considered amounts to lose a generation in public transport organizations at the level
of about $15 thousand. This value is significantly different from zero, which is
indicated by the t-test result (875) =-6.316; p <0.001.

4. Research results and discussion

The conducted analysis of the hierarchical multivariate regression made it possible
to determine whether the introduced predictors are related to the dependent variable
as well as what their strength and direction of this relationship is. The level of
the operating results is mostly influenced by Unlinked Passenger Trips, Passenger
kilometers, Population of an urbanized area and Average Cost per Trip. These
predictors explain the variability of the operating result of public transport
organizations in over 76%. Since the vast majority of organizations in the study
recorded losses in the last analyzed year, the results should be interpreted in relation
to this. At the same time, the relationship between the operating result and
the individual predictors is negative. This means that a decline in the number of
passengers, the kilometers performed by them or a decrease in the population of
the region will increase the level of loss, i.e., the difference in the operating result
understood as the difference between revenues from fares and operating costs from
transport operations. The loss was recorded in almost all the cases of the considered
types of organizations. This means that the decline in the level of the individual
external factors named in this study as the passenger potential decreases the level of
potential revenues from fares. Therefore, when planning the operations of collective
public transport, it is crucial to pay attention primarily to the number of passengers
and the number of kilometers performed by them using public transport.
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5. Conclusions

Public transport systems are currently operating with different deficits. In addition
to fares borne by travelers, all the other operating and maintenance costs are covered
mainly by the public sector budget. Managing public transport, due to the population
density of the country and the misconception that it is primarily intended for
the poorer part of the society increases financial losses. However, the population of
the urbanized area, number of passengers, or number of their journeys currently
constitute the dominant external factors that affect the operating results of collective
public transport entities.

Due to environmental and economic aspects, public transport requires the support
and the change in its management so as to involve an increasing number of people
from urbanized areas and with the largest population. The losses suffered by
the entities providing public transport services can be mitigated by applying
incentives to passengers by promoting the benefits of collective transport visible in
the environmental protection. Moreover, the policy of tariffs and charges for single
and multiple-use tickets also requires modification. An important aspect is also
participation in events that require transport services. Furthermore, indicating
the factors of the impact of passenger potential on the profitability of transport
organizations may be used in further studies to analyze the profitability threshold for
passenger journeys in the areas with the specific population.
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