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Abstract: Planning the extent of transport services within a selected territory is a topical issue
especially in the context of developing integrated transport systems. The objective of this
research study is to design a sustainable system of public passenger transport that would be an
alternative to expanding individual transport. The implementation of a quality and efficient
transport service is a relatively complex process, since, currently, there are no generally
applicable principles for its design. This manuscript presents general results of research aimed
at solving the problem of transport service within a selected territory issue with a focus on rail
transport as an efficient transport system representing a backbone of a transport system. The
subject of the investigation is to compile a set of factors affecting the design of the transport
concept. The output of the manuscript consists in a proposal of a generally applicable
procedure including a calculation of transport potential and characteristics of the inputs.
Subsequently, based on the resulting values, it will be possible to determine the extent of the
transport services provided by rail transport in any territory, which will contribute to a more

efficient and high quality theoretical graph of train running.
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1. Introduction

The development of integrated transport systems implies new requirements for transport
system functions in terms of serving the selected area. However, currently, there is no
methodology focused on an optimal, generally applicable setup of a transport service system

in individual transport routes. Rail transport is considered a keystone transport system.
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Creation of a train timetable is based mainly on the current transport lines and frequency of
passengers. A part of the research is a proposal of a general methodology for assessing the
necessary extent of transport services in a territory on railway lines. Such a complex
methodology implies a number of partial inputs to be taken into account as well as
determining their importance in identifying the number of trains in a given route or interval

between the individual lines [1,2].

2. Calculation of Transport Capacity as Major Part of Proposed Methodology

To ensure the optimal extent of transport services and thus increase the attractiveness of the
passenger rail passenger, it is necessary to analyse the transport capacity of individual railway
lines, or transport routes. Transport capacity refers to the expected volume of passengers
transported or the possibility to increase the passenger flow, etc. Based on the analyses
results, it would be easier to identify the bottlenecks of these lines or transport routes and
subsequently determine the optimal concept of the transport service considering the factors
and inputs assessed [3].

For determining the transport capacity, a relationship is proposed that takes into account
all the relevant factors affecting it. The main objective is to calculate the value of the overall
transport capacity coefficient K, which is determined as a dimensionless coefficient. Its value
is directly proportional to the transport capacity. The higher value the coefficient achieves, the
higher the capacity of the assessed rail transport route is and requires a transport service
concept that would use using the shorter interval rail services. Transport capacity must be
monitored for regional and suburban transport as well as long-distance transport or
interregional transport, since the transport needs and passengers frequencies are different in
different segments. In the presented outline proposal, we will focus on the suburban and
regional rail transport only [4,5].

For regional and suburban transport, the K;, is calculated as follows:

_ A*KH*KA

Kp = o [-] (1)
The individual parameters in the calculation are determined and defined as follows:

e A — Average population of all settlements in the monitored area expressed in
thousands [-]

Here, the number of inhabitants in the catchment area is given. It is necessary to consider

the population of all settlements situated on the monitored transport route. A will thus express

the average number of inhabitants in all settlements adjacent to transport points within the

railway infrastructure in the monitored area.
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e Ky — Mobility coefficient [-]

Here, the mobility coefficient for the relevant area of interest or for the transport route
monitored is given. The mobility coefficient expresses the average number of journeys per
capita in the monitored period, usually a calendar year. If there is a lack of data, it is possible
to use the data on the mobility coefficient at the national level. For example, on the basis of
the data on statistical mobility of the inhabitants for all modes of transport in the years 1995,
2000, 2005, 2010, 2014, 2015, 2016 and 2017, the average sum of all journeys of all modes of
transport was determined for one Slovak Republic citizen per year and then per day.
Subsequently, the average value expressing the number of journeys per capita per for all
monitored years was calculated using all the parameters given above. This value was
determined as the mobility coefficient Ky valid for the Slovak Republic Its value is Ky = 1.33.

o Ku— Coefficient of territory attractiveness [-]

The factor of territory attractiveness coefficient Ka consists of three proposed sub-factors
which are expressed by additional coefficients. It is based on the assumption that the
attractiveness of a territory is influenced mainly by the number of jobs, the number of
institutions for meeting the basic needs of the inhabitants and the number of tourist centres.
For exact expression of the sub-factors mentioned above, so-called sub-coefficients are
proposed, including the range of their values determined based on an expert estimate:

- Sub-coefficient of settlement size Kg — achieves values of 1-6, it is directly proportional to
the resulting K value

- Sub-coefficient of tourism Kcg — achieves values of 1-4, it is directly proportional to Ka

- Sub-coefficient of unemployment Ky — achieves values of 1-4, inversely proportional to Ka
Due to the complexity of the process of determining the value range for the individual sub-

coefficient, it will not be mentioned here in detail. The resulting formula for calculating Ka is

as follows:

Kp = "B [-] )

e L — Average transport distance between the individual transport points in the
monitored area [km]

Due to the required exactness of the result, it is necessary to determine the transport

distance factor between each pair of adjacent points on the monitored transport route, since

these distances affect the value of the overall transport capacity. The resulting value L

represents the average of all the distances.
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e D — Average accessibility of a tariff point on the railway line — its distance from the
centre of the adjacent settlement [km]

In order to simplify the monitoring of the accessibility factor within the methodology
proposed, it would be more effective to consider the distance of the railway station or stop
only from the centre of the given settlement, which would express their accessibility. In the
case of more tariff points, it would be necessary to consider their distance to the selected
destinations (in this case, this would apply mainly to housing estates and industrial areas). The
resulting value of the railway station or stop accessibility would represent the average value
of all these distances.

e K, — Coefficient of overlap with road [-]

The coefficient Ks, is proposed as a ration of the travel time within the railway
It is

infrastructure thDand the travel time spent travelling using regular bus lines ¢;_ .

calculated as follows:
Ks = 22 [~] 3)
S — t
JcDh

The higher the value of t,. is compared to the value of t;__, the higher the value of Ks is,

and the less favourable it is for railway transport. This coefficient considers the overall travel
time on the reference route ensured by train lines compared to the overall travel time spend

travelling by regular bus services.

3. Determining the Extent of Transport Services Based on Transport Capacity

Following the determination of the resulting value of the transport capacity coefficient K, it
is necessary to convert this value into the number of trains or interval between the lines, and
the number of seats on train per certain interval. This would create an offer and thus a
transportation concept on the monitored transportation route.

The benefit of the proposed approach would be determination of approximate frequencies
of daily passenger flow on weekdays and weekends on the basis of the calculated transport
capacity on a given route. However, the relationships between the individual input factors are
very complex. On their basis it would be suitable to determine expected frequency of
passengers on the monitored transportation route. This would serve as a basis for determining
the necessary number of trains and seating capacity. Using a simplified procedure, it would be
possible to use the current frequency of passengers in individual sections. Nevertheless, such
values can be distorting as they are strongly influenced by the current extent of the transport

services [6].
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After considering various procedures to carry out this transformation, the following one

was chosen:

e On a simplified model of a line (transport route), model values will be assigned to
individual factors,

e The model calculation of K, will be carried out in two extreme cases,

e Extreme cases include determining the resulting value of K, within the transport
services extent | (extreme case 1) and transport services extent V11 (extreme case 2),

e For calculating the extreme value of the transport service extent | K,, model values of
the individual parameters will be chosen which are threshold for the attractiveness of
railway passenger transport within the monitored area. On the basis of expert and
scientific consultations with wide expert public, a model railway line A — G was
designed for these purposes (the transport point X represents the number of inhabitants
in other settlements adjacent to the monitored railway line), with highlighted input

values and the following calculations:

Table 1 Model calculation of Kp on model railway line A — G. Source: authors

A B (¢} D E F G X Final Kp
value

Transport dynamics coef. [-] 1.33
Transport distance [km] 5 4 6 3 5 7 5.00
Attractivity coefficient [-] 1.14
Overlapping coefficient [-] 1.00 1.00 117 1.00 0.86 1.00 1.00
Railway stop availability 1 0.75 0.8 0.65 0.40 1.00 0.83 0.78 100
[km]
Number of inhabitants[piece] ~ 8000 1000 1500 2000 3500 1000 20000 8000 2.56
Subcoef. of city size Cg[-] 2 1 1 1 1 1 1
Subcoefficient of 2 2 2 2 2 2 2 1.14
unemployment rate Cy [-]
Tourism subcoefficient Ccr 2 2 2 2 2 2 2 2.00
[l
Total journey time by road 6 5 6 4 7 8 2.00
[min]
Total journey time by train 6 5 7 4 6 8
[min]

¢ A total of eight extents (degrees) of transport service are proposed (I - V1II),
e The resulting value K, = 1.00 will be the upper limit value for the transport service
extent I; however, considering the principle of railway transport sustainability, the

extent of the railway passenger transport I, or the minimum transport service extent is
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recommended to be used also for railway lines and transport routes with the value
lower than 1.00;

e The value K, for the transport service extent VIII will be calculated in the same way,
except that there will be chosen model values of individual parameters, which
maximize the attractiveness of the railway passenger transport and can represent the
extreme case 2. On the basis of expert and scientific consultations with expert public,
the following model values and calculations on the railway line A — G were proposed
for these purposes:

Table 2 Calculation of Kp on model railway line A — G with changed input data. Source:

authors
A B (¢} D E F G X Final Kp
value
Transport dynamics coef. [-] 1.33
Transport distance [km] 5 4 5 3 4 6 4.40
Attractivity coefficient [-] 4.04
Overlapping coefficient[-] 089 0.75 0.90 0.71 0.70 0.82 0.80
Railway stop availability 0.5 0.2 0.4 0.25 0.40 0.71 0.38 0.41 20.00
[km]
Number of inhabitants 8000 1000 1500 2000 3500 1000 20000 8000 5.29
Subcoef. of city size Ce[-] 4 1 1 1 1 1 2
Subcoefficient of 1 1 1 1 1 1 1 1.57
unemployment rate Cy [-]
Tourism subcoefficient Ccr 3 3 3 3 2 2 2 1.00
[l
Total journey time by road 45 4 5 35 5 55 2.57
[min]
Total journey time by train 4 3 45 25 35 45
[min]

e The resulting value K, = 20.00 will be the upper limit value for the transport service
extent VII, while all higher values will fall under the transport service extent VIII;

e Subsequently, based on the calculated extreme values, the scale and assignment of the
resulting values to individual transport service extents (I — VIII) including the
determination of the optimal number of trains and optimal number of seats and
operating mode of the trains on the monitored route;

e For shorter distance transport, or in the case of regional and suburban transport, the
values given in Tab. 3 are recommended. The characteristics of the recommended

extent (degree) of operation are given below the table.
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Table 3 Parameters of individual transport service extents. Source: authors

Transport Range of transport ~ Optimal number of all ~ Optimal number of seats in all

service capacity passenger trains pairs trains in both directions
extent Kp [-]
I 0-1-00 4 Up to 500
1 1-01 - 2-00 5-6 501 —1 000
i 2-01 - 3-00 7-10 1001 -2 000
\Y/ 3-01 -5-00 11-15 2 001 -5 000
\Y 5-01 —10-00 16 — 20 5001 - 10 000
VI 10-01 - 15-00 21 -25 10 001 — 15 000
VII 15-01 — 20-00 26 — 30 15001 — 20 000
VI 20-01 and more 31 and more 20 001 and more

e Extent | — The minimum transport service, which is 4 pairs of passenger trains usually
during the peak times. Here it is necessary to reassess the effectiveness of the train
lines;

e Extent Il — Lines preferably used at peak hours. A clock-face schedule is possible;

e Extent 11l — Lines shall be operated during the whole day considering the higher
number of lines at peak hours. A clock-face schedule is possible;

e Extent IV — Lines shall be operated at two-hour intervals during the whole day and
one-hour intervals at peak hours;

e Extent V — Lines shall be operated at one-hour intervals during the whole day, with
possible omitting of a certain hour at the off-peak hour;

e Extent VI — Lines shall be operated at one-hour intervals during the whole day, with
switching to 30-minute intervals at peak hours;

e Extent VII — Lines shall be operated at 30-minute intervals during the whole day
except for morning and evening off-peak hours, where one-hour intervals will be used,;

e Extent VIII — Lines shall be operated at 30-minute intervals during the whole day

with a switch to 20-, 15-, or 10-minute interval at peak hours [7,8].

4. Brief Practical Application of the Proposed Methodology

Based on the methodology described above, a particular case study was elaborated, in which
the transport capacity was calculated, and subsequently, the transport service extent on six
transport routes of the Railways of the Slovak Republic network was determined. The data is

given in the table below [9-11].
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Table 4 Application of proposed methodology on six transport routes. Source authors

Transport route Resulting Kp Resulting extent of transport
value services
Bratislava - Galanta 26.34 VIII
Trenéin - Chynorany 2.87 i
Nové Mesto n/V - Velkan. V. 2.6 Il
Nemsova - Lednické Rovne 181 1
Zilina - Rajec 5.91 Vv
Banovce n/B - Vel'ké KapuSany 0.46 I

It results from the calculations that the highest transport capacity is on the route
Bratislava — Galanta, where the transport service extent V1II is considered. Based on the data
in the table, this represents more than 31 pairs of lines with the seating capacity of more than
20 000 seats. Conversely, the lowest transport capacity show the route Banovce n/B — Velké
Kapusany, where the transport service extent | is considered, which equals to 4 pairs of lines

per day, with a seating capacity of up to 500 seats.

5. Conclusion

The presented design for assessing the necessary extent of transport service on railway routes
was compiled with regard to the factors identified which significantly influence the demand
for regional railway transport.

Within the proposal, the calculation method for determining the transport capacity
including the individual input values was analysed. Subsequently, based on the model values,
a scale was created for eight types of possible transport service extent. The result obtained is
the railway transport concept on a selected transport route in the context of providing
transport services in the region. However, the process is quite complicated, and it was not
possible to include all sub steps. Further procedures and proposals within the methodology
will be the subject of further research. In principle, practical application of the proposed
methodology may contribute significantly to determining the optimal concept of transport
service and assessing the effectiveness of suing regional railway lines in integrated transport

systems,
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