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Abstract: The article presents a new approach to building a passenger rail traffic generation model.
It uses data on the number of passengers at stations and railway stops obtained from the databases
of operators on the rail transport market through the Office of Rail Transport — market regulator —
combined with data on the model of the area around the station built based on population, number of
beds, individual motorization and gross domestic product (GDP). This enabled analyzing the potential
of railway traffic generation at a very detailed level. The article presents a methodology for building
a passenger rail traffic generation model and verification of this model based on limited variables
describing railway stations and stops as well as traffic zones and available statistical data. The model
takes into account three segments of the railway market: regional, interregional and inter-agglomeration
transport. The results of these analyzes can be used to increase the accuracy and the reliability of rail
traffic models used in the analysis of transport networks.
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1. Introduction

The experience with the use of traffic models in Poland shows that they are most
often built for the needs of road administration, large cities and potentially administrative
regions. There is smaller experience related to the construction of models for the analysis
of forecasted railway traffic. An exception is the model built for the needs of analyses
related to the state investment project under the name of The Central Communication
Port [9, 10]. Relatively little experience with rail traffic modelling translates into poor
scientific achievements in articles and papers presented at conferences and seminars. Taking
into account the implemented significant investment program aimed at the development of
the railway infrastructure, strengthening the methodology of modeling rail travel is what
we need at the moment.

Relatively little experience with railway models results, among others, from the restric-
tions on access to railway data, especially railway passenger surveys and ticket statistics,
and restrictions on the availability of models built for railway companies. In the project
“Principles of road traffic forecasting taking into account other means of transport” [2—4],
financed under the project called Road Innovation Development by the National Center for
Research and Development and the General Directorate for National Roads and Motorways,
a methodology was created regarding integrated travel modeling and traffic forecasting on
road and rail networks. The experience resulting from this project also confirms the limited
availability of data necessary for the construction of railway models [15]. In practice, when
building models, it is possible to use only public information from railway companies and
the Polish Central Statistical Office (usually in the form of PDF files) and a map of the rail-
way network, which is mainly useful when building a model of the railway network (table
of objects on railway lines, regulations for assigning train paths, passenger train timetables,
OBLIKO database). Such data can only be partially used for construction and calibration of
the travel matrix (based on general data on transport work and medium-distance journeys).

The lack of access to data reduces the chances of building good quality railway models.
Experience from other countries [6, 12, 16] shows that modeling rail traffic uses very
detailed and real information from surveys and/or ticket sales databases.

In traffic generation models is taken into account that basic factors determining the
number of passengers in rail transport are:

— transport offer in specific O-D relations,

— attractiveness) of the railway transport offer in relation to alternative modes of

transport (bus, car).

The choice of the modal split, and thus the number of passengers, is determined by the
relative utility of this modes of transport [8].

As aresult, travel distribution models fall into two main types based on aggregated data,
for example, ticket sales information and models based on survey results using data disag-
gregated at the level of interviews with system users. An example of the aggregated model
is the Wardman model [13] which uses such variables as: population, GDP, motorization
rate and total travel cost. In the Wardman model, the most important factor influencing the
increase in the number of rail crossings is GDP. When disaggregated data (user surveys) [1]
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is available, it is possible to take into account personal characteristics (such as: age, gender,
income, etc.), transport service characteristics and information on sources and destinations.
Such models are more demanding at the data collecting and processing stage, hence, they
are also more expensive.

In recent years, Poland started to publish data on passenger rail traffic which was not
available at the time of the creation of the National Traffic Model developed as part of
the research [5]. Currently, the data allows for the development of new variants of traffic
generation models based on real data. Data on passenger rail traffic at the stops and stations
level significantly improves the quality of the generation models describing this traffic.

Therefore, the passenger rail traffic generation model described in the article is the
result of the continuous work on modeling rail traffic, undertaken in research [5, 17] using
the available data on supply and demand in the rail market.

2. Estimating the number of rail passengers
on the basis of data

In 2017, the first study [11] was prepared at the Railway Transport Office (Urzad
Transportu Kolejowego, UTK), which estimated the number of passengers using stations
and stops located on the entire railway network in Poland (Fig. 1. This data was then
updated in 2018 and 2019. Passenger exchange data was collected from rail operators and
mainly sourced from their ticketing systems. Only in the case of Szybka Kolej Miejska in
Warsaw and L.6dzka Kolej Aglomeracyjna, the source were the meters in vehicles. In fact,
the exchange of passengers at stations and stops differs from the data from sales systems.

Passenger exchange
at stops based on data
from UTK (pas./day)

STOPS
U utk_pas
o 30000

— 15000

| @ \: 7500
| )/

Fig. 1. The volume of passenger exchange at stations and stops based on data from carriers’ ticketing
systems (2017-2019). Source: UTK, VISUM traffic model
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This is due to, inter alia, differences related to zone and section tickets used in metropolitan
transport valid to the end station in a given zone. Therefore, zone offers and non-relational
tickets make it difficult to properly identify passenger movement. It is then necessary to
estimate the number of passengers in relation to number provided by carriers, e.g. on the
basis of data from meters in vehicles, in proportion to the passenger exchange indicated on
the basis of relational tickets.

On the basis of data from railway carriers in Poland, the amount of passenger exchange
is obtained, determining the number of people getting on and off the trains, excluding
people getting on and off outside Poland. In addition, in the case of stations or stops where
trains of more than one carrier stop, with an average daily passenger exchange of more than
1000 passengers, general data was rounded to 100. In the case of stations with an average
daily exchange of more than 1000 passengers where trains of one carrier stop or the share
of one carrier is nearly 100% and stations with an average daily exchange of less than 1000
passengers, general data is provided in value ranges. For the purpose of building railway
traffic generation models, the average value for the enre 2017-2020 period was used. It
was taken as the base value for further analyzes. Data for 2020 was not used due to their
unusual character due to the pandemic.

Data from ticket systems contain the total number of passengers. Determining the
structure of passengers traveling in inter-agglomeration, interregional and regional traffic
requires linking the ticket data with the number of trains of individual categories stopping
at stations and stops. For this purpose, a simple model can be used to define the share of
individual types of trips in the total trip using the formulas presented below. Coefficient
0.64 results from calibration at the level of conformity of the number of passengers for
three types of trains with statistical data.

2.1 Ureg = Treg/(Treg + POV e +0.64 - Tiagg)
(2.2) Uireg = Tireg/(Treg + Tireg +0.64 - Tiagg)
(2.3) Uiagg =0.64- Tiagg/(Treg + Tireg +0.64 - Tiagg)

where: Uyeg — the share of regional trips in the total trips generated at the station and stop
or zone, Ujreg — the share of interregional trips in the total trips generated at a station and
stop or zone, Ujaee — share of inter-agglomeration trips in total trips generated at a station
and stop or zone, Tre, — number of regional trains stopping at the station or stop or in zone,
Tireg — number of interregional trains stopping at the station or in zone, Tjge) — number of
inter-agglomeration trains stopping at the station or in zone.

The correctness of the model of dividing trips into types can be checked using statistical
data published by the Polish Central Statistical Office. The Polish Central Statistical Office
provides data on passenger transport on an annual basis, in a summary form, broken down
into types of trains:

— express (inter-agglomeration),
— fast — TLK, IR (interregional),
— passenger (regional).
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The use of the trip division model to calculate the number of trips in the UTK statistics
for stations and stops results in the number of trips in individual types of passenger transport,
consistent with the statistics of the Central Statistical Office (Table 1).

Table 1. Number of passengers using the national railway network by train type in 2017-2019

Inter-agglomeration Inter-regional Regional Total
million million million million
passengers | % share | passengers | % share | passengers | % share | passengers
/ year / year / year / year
2017 6.2 2.0 35.8 11.9 259.6 86.1 301.6
2018 6.4 2.1 38.7 12.6 262.8 85.3 307.9
2019 6.8 2.1 41.0 12.3 285.5 85.6 3333
Average from
20172019 6.5 2.1 38.5 12.2 269.3 85.7 314.3
Average based
on UTK data
for the years 59 2.0 36.9 12.5 252.6 85.5 295.5
2017-2019 by
model

Source: [11,14], own study.

The trip division model makes it possible to estimate for each stop the division of the
total number of journeys into trips made by particular types of trains (Fig. 2).

Passenger exchange
at stops by train types
(pas./day)
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Fig. 2. The result of the application of the travel division model to estimate the volume of passenger
traffic at stations and stops divided into train types (2017-2019). Source: UTK, VISUM traffic model
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As the division of the area into zones is used at a later stage in the construction of the
rail travel matrix, the data on the number of journeys at individual stations and stops should
be aggregated. For each zone creating the area model, the number of journeys at stations
and railway stops lying in the certain zone should be summed up (Fig. 3).

Number of passengers
in zones by train type

Passengers in zones

W intorcity
W interregional
W Regional

Fig. 3. Example of passenger traffic aggregation at railway stations and stops to the level of zones by
train type 2017-2019). Source: UTK, VISUM traffic model

3. Socio-economic data in the area model

Building the railway traffic generation model requires socioeconomic data for the
current state and, in the case of forecasting models, for the forecast period. Due to the
way in which the travel model is built (based on the area model), it is necessary to
have statistical data taking into account the division into administrative units (communes,
poviats, subregions, administrative regions). Depending on the needs (the purpose of the
analysis or the way of presenting the results), subsequent divisions may be aggregated up
to the country level.

In the case of transport analyzes on the national scale, the most common division of the
area model to zones, the boundaries of which coincide with poviats (379 regions). Then all
statistical data for the existing state or prognostic data is reduced to this mapping scale. It is
also convenient because the distinguishing feature of each administrative unit is its unique
statistical number, thanks to which it is possible to assign to them any sets of statistical
data in which such numbers appear.

In the area model, the regions inside the country are complemented by border crossings,
which are points generating foreign traffic. Border crossings are excluded from the UTK
statistics.

The main source of statistical data enabling the creation of the area model is the Local
Data Bank provided by the Polish Central Statistical Office. Data from this bank is used
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in very different social and economic fields, including transport models. The website of
the Polish Central Statistical Office is a good and convenient source for downloading this
information. By specifying the territorial breakdown level, year and dataset, you can get
a table with the data in the EXCEL spreadsheet format, and by using the territorial unit
statistical number, you can then enter this data into the area model. The database of the
Polish Central Statistical Office contains mainly historical data, most of which is published
during the year after the end of a given calendar year. Some data also concern the forecast
state. From the point of view of the travel generation model, the most important data
are population data, including a 30-year forecast divided into poviats. Other information
assigned to administrative units available at the Polish Central Statistical Office and were
used in the traffic generation model:

— tourist potential expressed in the number of accommodation places,

— individual motorization index,

— level of the gross domestic product (GDP).

In building the forecast traffic generation model, it is also necessary to have GDP growth
forecasts, on which the calculations of transport traffic forecasts are generally based. The
GDP growth rate, through the traffic generation models, has a clear impact on the growth
rate of passenger transport. It is necessary not only to have a general knowledge of the
GDP growth rate for the entire country, but also to define a forecast of GDP growth in
its individual regions. In the case of network analyzes, where matrixes of travel between
zones are used, it is advisable to determine the differentiation of GDP at the poviat level
because, at this level of detail, the matrixes of movements of people and goods are built for
the current state and for the time period considered in the forecast.

As traffic forecasts for investments in transport should be made for the period of 30
years, data on GDP should also refer to distant periods, currently at least until 2045-
2050. The rules for using data on macroeconomic indicators for Poland are set out in
the document [13] which specifies the GDP growth rate for Poland in the next 30 years
(Table 2).

Table 2. Assumptions for the GDP growth rate for 2020-2035

Year GDP growth [%] YEAR GDP growth [%0]
2020 -2.70 2028 3.00
2021 4.00 2029 2.80
2022 3.40 2030 2.80
2023 3.00 2031 2.70
2024 3.00 2032 2.60
2025 3.00 2033 2.50
2026 3.10 2034 2.40
2027 3.10 2035 2.30

Source: [7].
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The source of data on forecasts of GDP and GDP per capita for the needs of transport
planning can also be a research [5] which projected the size of GDP per capita until 2045
in the system of 72 subregions using the linear regression analysis. The projection takes
into account the demographic forecast for each sub-region and the GDP forecast for the
whole country.

4. Assumptions for the model of passenger
rail traffic generation

In the preparation of traffic generation models, regression models are used in which
the explained variable is the number of passengers at stops, and the explanatory variables
are information about the area surrounding the stops and the transport offer expressed in
the number of trains stopping at these stops. The number of trains stopping at a station
determines the level of supply and availability of the railway and has a specific impact on
the number of passengers generated. Explanatory variables should equally available and
reliable at the level of the analysis of the current state and in the forecasting periods.

Thus, the model of the transport network should contain historical data specifying the
number of passengers getting on / off at stations and stops. On the other hand, the area
model should contain data characterizing the area in the vicinity of the station (e.g. divided
into communes). The railway traffic generation potential is determined by the accessibility
of the station or railway stop to users, mostly those living in its vicinity. Determining this
potential requires examining the impact of the spatial development in the vicinity of the
station to the volume of traffic at that station. Based on the experience and the application
of regression analysis for various ranges of station influence, it was found that the most
reliable information was the information about the station’s vicinity within a radius of 2
and 5 kilometers. Within the radius of up to 2 kilometers, the influence of these variables
is significant from the point of view of the generation potential of agglomeration and
regional traffic, as it is the range of walking distance to the stop. For interregional and
inter-agglomeration traffic, the variables describing the stop vicinity within the radius of 5
kilometers better describe the number of passengers than the variables from a larger radius
(a better correlation was obtained). This allows to determine the relationship between
the number of passengers at the station and the explanatory variables characterizing the
environment in which these stations are located.

5. Process of data preparation for the passenger
rail traffic generation model

After analyzing the data from the demand side, its availability for the needs of model
execution and the impact on the accuracy of the regression model, the following explanatory
variables were selected for detailed analyzes:

— number of inhabitants,

— economic potential of the inhabitants,
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— number of passenger cars,

— number of beds.

The procedure of data preparation for the model of passenger rail passenger traffic

generation requires the following steps:

— For each zone, on the basis of the railway network model, defining (indicating)
stations and stops serving trains of particular categories (inter-agglomeration, inter-
regional, regional). For this purpose, information from the timetable can be used to
determine what type of trains stop at a given stop.

— For each station or stop, calculation of the number of inhabitants within the radius
of 2 and 5 kilometers, divided into rural and urban inhabitants. The vicinity of
other stations of the same type should be considered, taking into account that some
residents have a choice of two or more stations.

— For each zone, the calculation of the sum of inhabitants around the stations or stops
defined for (assigned to) a given zone.

— For each station or stop and zone, the calculation of the economic potential being
the product of the number of inhabitants around the station or stop within a radius
of 2 to 5 kilometers and the GDP per capita assigned to this zone.

— For each station or stop and zone, the calculation of the number of passenger cars
being the product of the number of inhabitants around the station within the radius
of 2 and 5 kilometers and the individual motorization index assigned to this zone.

— For each station or stop and zone, the calculation of the number of beds around the
station within the radius of 5 kilometers.

— For each station or stop and zone, the calculation of the sum of all trains stopping
during the day.

Fig. 4 shows an example of the result of the analysis concerning the number of inhabitants
within the radius of 5 km around stations and stops serving the traffic of regional trains.

Population around stops
serving regional trains

STOPS

U woo_sm
W wose

. 260960
[ \ 130480

(Q> | 65240

Fig. 4. Rural and urban population around stations and stops serving the regional train traffic).
Source: own study
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6. Regression analysis

Regression analysis was used to examine the influence of the explanatory variables on
the compliance of the results obtained from the travel model with the control statistical
data. When selecting the explanatory variables, their correlation was taken into account
so as to limit their number and introduce those that are available at the stage of model
construction for the current state and forecasting periods and have a stronger impact on
the correct calculation result. The analysis was carried out at the level of traffic at railway
stations or stops and for aggregate traffic to zones (e.g. several stations or stops in one
zone). The analysis was performed for all stops in the national network for which there
were data on the number of passengers.

As a result of the analyzes, regression equations were obtained, the form of which is
presented below. They define the sum of rail trips generated in individual regions and at
individual railway stations or stops.

Trips generated in zones

6.1) Prej =a- Treg +b- Tireg tc- Tiagg +d- (POPu_REGka - GDPM)
+ e - (POP,_1aGG5km - GDPM) + f - (POP; _IREG 5km - MOTcar)
+ g - (POP, 1rREG5km - GDPM) + & - MHOTEL 5 km

where: Prj — number of trips in the zone generated at stations or stops in the zone, POCiey
— number of regional trains stopping at stations or stops with regional traffic in the zone,
POCpyeg — number of interregional trains stopping at stations with interregional traffic
in the zone, POC,,;) — number of inter-agglomeration trains stopping at stations with
inter-agglomeration traffic in the zone, POP,, rgg2xm — number of urban residents within
2 km from stations serving regional traffic in the zone, POP,, 1aGG 5xm — number of urban
residents within a radius of 5 km from the stations serving inter-agglomeration traffic in
the zone, POP, [rgG5km — number of rural inhabitants within a 5 km radius from stations
serving interregional traffic in the zone, POP, [rRgGskm — number of rural inhabitants
within a 5 km radius from stations serving interregional traffic in the zone MHOTEL 5 km
—number of beds within a 5 km radius around stations in the zone, MOT.,, — motorization
index per capita in the region (capacity / 1000 inhabitants), GDPM — GDP per capita in the
region (thousand PLN/inhabitant). Regression coefficients are shown in Table 3.

Table 3. Regression coefficients — trips generated in zones

A B C d e f g H
6.2156 | 38.9921 | 6.6446 | 0.1981 | 0.1761 | -0.3608 | 2.324 | 0.0141

Source: own study.

It should be noted that, in the case of the number of passenger cars in rural areas, the
indicator has the “MINUS” sign, which means that it reduces the number of rail journeys
due to the greater availability of the car resulting from the higher motorization index.



www.czasopisma.pan.pl P N www.journals.pan.pl
Y

CONSTRUCTION OF THE PASSENGER RAIL TRAFFIC GENERATION MODEL 117

The following model compliance parameters were obtained:

— R-square = 95.1293 percent,

— Standard estimation error = 2466.4,

— Mean absolute error = 1262.91.

As a result of the regression analysis for the travel model generated in the regions, a
relatively high correlation coefficient of 0.95 was obtained (Fig. 5). However, it should
be remembered that the input data on the number of passengers is largely derived from
various types of conversion factors used to determine the number of tickets sold by carriers,
especially when it comes to journeys based on season tickets. The input data for the analysis
may therefore be subject to an error, hence, in some regions, there may be large differences
between the values calculated using the model and those provided by carriers. This does
not necessarily mean that the model is imperfect.

Plot of A.UTKKORPR
X 100001107)

14

1

observed
-]
IIIIIIIIIIIIIIIIIII

-1 L L L L L 1=

17
(X 10000,0)

observed

=4

0 2 4 6 8 10 12 14 16

predicted

HKoa

(X10000,0

Fig. 5. Compatibility of the values calculated using the model with the observed values for zones.
Source: own study

Trips generated at stations and stops

(6.2) Py=A- Treg +b- Tireg +C- Tiagg +d- (POPM_REGka - GDPM)
+ e - (POP,_1aGG 5km - GDPM) + f - (POP;_irEG 5km - MOTcar)
+ g - (POP, rREG5Kkm - GDPM) + & - MHOTEL 5 km
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where: Py —number of trips generated at the station or stop, Treg — number of regional trains
stopping at the station or stop serving regional traffic, T — number of interregional trains
stopping at the station serving interregional traffic, Tj,s — number of inter-agglomeration
trains stopping at the station serving inter-agglomeration traffic, POP, rgG2km — num-
ber of urban residents within 2 km around the station or stop serving regional traffic,
POP,, 1aoGG 5km — number of urban residents within a 5 km radius around the station serv-
ing inter-agglomeration traffic, POP, [rgGskm — number of rural residents within a 5 km
radius around the station or stop handling inter-agglomeration traffic POP, rgG 5km —num-
ber of rural residents within a 5 km radius around the station or stop handling regional
traffic, MHOTEL 5 km — number of beds within a 5 km radius around the station or stop,
MOT,,; — motorization index per capita in the zone where the station or stop is located
(capacity/1000 inhabitants), GDPM — GDP per capita in the zone where the station or stop
is located (thousand PLN/inhabitant). Regression coefficients are shown in Table 4.

Table 4. Regression coefficients and model compatibility parameters — trips generated at stations
and stops

A B C d e f g H
10.6277 39.3989 18.0322 0.0869 0.2500 —-0.1362 0.0181 0.0873

R-square = 63.2564 percent Standard estimation error = 1805.44
Mean absolute error = 739.483

Source: own study.

As a result of the regression analysis for the travel model generated at the stations, the
correlation coefficient of 0.63 was obtained (Fig. 6). The results obtained from the model
are therefore burdened with a relatively large error. As in the case of the analysis for zones,

Plot of EEUTKKORPR
(X 1000,0)
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Fig. 6. Compatibility of the values calculated using the model with the observed values
for stations and stops. Source: own study
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it should be remembered that the input data on the number of passengers is also subject to
an error that may cause differences.

7. Sensitivity analysis

For the model of railway traffic generation created in this way, a test of the sensitivity
of the model to changes in the level of explanatory variables was carried out. The following
shows the size of the growth rates for aggregate traffic and for individual types of travel,
depending on the changes:

— GDP,
population,

— motorization index,
number of beds,
number of trains serving the zone.

It should be noted that the dependence of the number of passengers on GDP is used
practically in all models, because it is an obvious dependence resulting from the available
data. The problem may concern use of an inadequate flexibility indicator that gives inflated
forecast results, rather than just taking advantage of the dependence of traffic volume
on GDP.

During the analysis, changes in the level of subsequent explanatory variables were
introduced, thus, in the growth rates in the following lines (Table 5), all previous changes

Table 5. Sensitivity of the railway traffic generation model to changes in explanatory variables

Travel growth rates compared to the base year
Total Inter-agglomeration | Inter-regional | Regional
trips trains trains trains
Base year 1.000 1.000 1.000 1.000
50% GDP growth 1.214 1.201 1.222 1.214
100% increase in the number 1251 1252 1250 1252
of beds
20% increase in the 1213 1.235 1209 1213
motorization index
Population decline by 10% 1.172 1.185 1.167 1.172
20f% increase in the number |~ |, 1751 1.158 1167
of inter-agglomeration trains
50% increase in the number | 5y, 1.831 1.860 1.231
of interregional trains
20% increase in the number |~ 3 1500 1534 1535
of regional trains

Source: own study.
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are included. The last line shows the level of traffic generation growth taking into account
all the analyzed increases in explanatory variables.

8. Conclusions

The basic factors determining the number of passengers in rail transport are transport
offer and attractiveness of the railway transport. This influences the modal wich is one
of the most important parameters indicating the legitimacy of railway investments. The
literature shows that the choice of the modal split, and thus the number of passengers, is
determined by the relative utility of this modes of transport.

The article presents the methodology of passenger rail traffic generation, based on the
available data sources. As described in the introduction, the sources are the publications
of the Office of Rail Transport, in which information has been provided on the passenger
traffic load since 2017 regarding all stations and railway stops in Poland. As the description
of the presented method shows, these are the values estimated on the basis of various
sources. The received data is given in the ranges “from — to”, so the data itself contains a
certain range of uncertainty as to the specific number of passengers. As a rule, the reported
upper end of the range is 30-50% greater than the lower end, so the uncertainty range is
significant. Also, a comparative analysis of data from 3 years shows that, in many cases,
the differences in the number of passengers between consecutive years are large, and it is
very difficult to interpret the reasons for such differences.

For the work on the passenger rail traffic generation model, average values from the
given passenger number ranges for 3 years were adopted as the base data, assuming that
this gives the picture that is closest to the current state. Nevertheless, the obtained results,
especially for trips calculated at the stop level, sometimes differ significantly from the
values entered as the base data. At the same time, the model gives correct results for the
number of trips summed up at the country level and, in many cases, satisfactory results for
calculations at the level of traffic zones. Errors in estimating traffic at stops are eliminated
when data is aggregated to the level of zones.

The model can be used to calculate the forecast passenger rail traffic in the Inter-
modal National Traffic Model, taking into account all the above-mentioned reservations.
Additionally, it may be used in two ways.

The first option is to estimate the size of the potential rail travel market if the location
of a new stop is proposed. By introducing data describing the surroundings of this stop into
the regression equation, it is possible to obtain information about the possible number of
passengers that may use this stop after its launch.

The second possibility is to use the model to calculate the growth rates for the forecast
period by introducing the forecast values of the explanatory variables (population, auto-
motive, GDP, etc.). The obtained growth rates can be applied directly to the base year data
obtained in any way deemed reliable. This may be data from the UTK collections relating
to specific stations, but also information obtained directly from carriers or obtained through
own measurements. The method of obtaining such indicators from the model is presented
synthetically in the sensitivity analysis.
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Budowa modelu generacji ruchu kolejowego

Stowa kluczowe: ruch kolejowy, model generacji ruchu, analiza regresyjna, prognozowanie ruchu,

ruch pasazerski

Streszczenie:

W artykule przedstawiono nowe podejscie do budowy modelu generacji pasazerskiego ruchu

kolejowego. Przedstawiono propozycje metodyki budowy modelu generacji pasazerskiego ruchu
kolejowego oraz weryfikacji tego modelu w oparciu o ograniczone zmienne opisujace stacje i przy-
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stanki kolejowe oraz rejony komunikacyjne i dostgpne dane statystyczne Wykorzystano w nim dane
o liczbie pasazeréw na stacjach i przystankach kolejowych w polaczeniu z danymi opisujacymi
model obszaru wokoét stacji budowany w oparciu o liczbe ludnosci, liczbe miejsc noclegowych,
motoryzacje indywidualng i produkt krajowy brutto (PKB). Wykorzystanie tych danych umozliwito to
przeprowadzenie analizy potencjatu generacji ruchu kolejowego na duzym poziomie szczegétowosci.
W metodzie uwzgledniono trzy segmenty rynku kolejowego: przewozy regionalne, mi¢dzyregionalne
1 miedzyaglomeracyjne.

Doswiadczenia z wykorzystywania modeli ruchu w Polsce pokazuja, Ze najczesciej sa one budo-
wane na potrzeby administracji drogowej oraz na potrzeby duzych miast i ew. wojewddztw. Znaczenie
mniej jest do§wiadczen zwigzanych z budowa modeli stuzacych analizie prognozowanego ruchu ko-
lejowego. Stosunkowo niewielkie do§wiadczenia zwigzane z modelami kolejowymi wynikaja m.in.
z wieloletnich ograniczen w dostepie do danych kolejowych, zwlaszcza badan pasazeréw kolei i staty-
styk biletowych oraz ograniczeni w dostepnosci modeli budowanych na rzecz spétek kolejowych. Brak
dostepu do danych zmniejsza szans¢ na dobra jako$¢ budowanych modeli kolejowych. Do§wiadczenia
z innych krajéw wskazuja, ze w modelowaniu ruchu kolejowego korzysta si¢ z bardzo szczegétowych
irzeczywistych informacji pochodzacych z badan ankietowych i/lub baz danych o sprzedazy biletéw.

W Polsce w ostatnich latach zaczeto publikowaé dane o pasazerskim ruchu kolejowym. Pozwala
to na opracowanie nowych wariantéw modeli generacji ruchu, opartych o rzeczywiste dane i w ten
sposéb istotnie zwiekszy¢ jako$¢ i doktadnos$¢é prognozowania ruchu. Od roku 2017 Urzed Trans-
portu Kolejowego (UTK) rozpoczal publikowanie sumarycznych informacji o liczbach pasazeréw
korzystajacych ze stacji i przystankéw potozonych na calej sieci kolejowej w Polsce. Wykorzystanie
tych danych do budowy modeli ruchu wymaga ustalenia struktury pasazeréw podrézujacych réz-
nymi typami pociagéw, tj. w ruchu miedzyaglomeracyjnym, mi¢dzyregionalnym oraz regionalnym.
W artykule przedstawiono metode okreslania, za pomoca wzoréw, udzialéw podrézy poszczegdl-
nych typéw w sumie podrézy kolejowych. Poprawnos¢ zaproponowanej metody podziatu podrézy na
rodzaje sprawdzono wykorzystujac dane statystyczne publikowane przez Gtéwny Urzad Statystyczny.

Zbudowanie modelu generacji ruchu kolejowego wymaga dysponowania takze danymi socjoeko-
nomicznymi opisujacymi stanu istniejacy, a w przypadku modeli prognostycznych okresy prognozy.
Ze wzgledu na sposéb budowy modelu podrézy (w oparciu o model obszaru) niezbedne jest dys-
ponowanie danymi statystycznymi uwzgledniajacymi podzial na jednostki administracyjne (gminy,
powiaty, podregiony, wojewddztwa). W zaleznoSci od potrzeb (celu analizy czy tez sposobu prezen-
tacji wynikéw) kolejne podzialy moga by¢ agregowane, az do poziomu kraju. W przypadku modelu
generacji ruchu opisanego w artykule zastosowano podzial obszaru na rejony komunikacyjne, ktérych
granice pokrywaja si¢ z powiatami (379 rejonéw).

Gléwnym Zrédtem danych statystycznych pozwalajacym na stworzenie modelu obszaru jest
Bank Danych Lokalnych udostepniany przez Gtéwny Urzad Statystyczny. W bazie GUS znajdujq si¢
gléwnie dane historyczne, a niektére dane dotycza réwniez stanu prognozowanego. Najistotniejsze
z punktu widzenia modelu generacji podrézy sa dane ludnosciowe, w tym prognoza opracowana na
30 lat w podziale na powiaty. WSréd innych informacji przypisanych do jednostek administracyjnych,
ktére sa dostepne w GUS i ktére zastosowano w opisywanym modelu generacji ruchu sg: potencjat
turystyczny wyrazony liczba miejsc noclegowych, wskaZnik motoryzacji indywidualnej i poziom
produktu krajowego brutto (PKB).

Budowa modelu generacji ruchu prognozowanego wymaga takze dysponowania prognozami
wzrostu PKB, na ktérych generalnie opierajg si¢ obliczenia prognoz ruchu w transporcie. Tempo
wzrostu PKB, poprzez modele generacji ruchu, wplywa w sposéb jednoznaczny na tempo wzrostu
przewozéw pasazerskich. Konieczna jest nie tylko ogdlna wiedza o tempie wzrostu PKB dla catego
kraju, ale réwniez okreslenie prognozy wzrostu PKB w poszczegdlnych jego rejonach. W przypadku
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analiz sieciowych, gdzie operuje si¢ macierzami podrézy pomi¢dzy rejonami komunikacyjnymi,
wskazane jest okre§lenie zréznicowania PKB na poziomie powiatu, poniewaz na takim poziomie
szczegbtowosci budowane sa macierze przemieszczen oséb i towaréw dla stanu istniejacego oraz
dla horyzontéw czasowych rozpatrywanych w prognozie. W artykule wskazano Zrédia danych dot.
prognozowanego PKB.

W opisywanym modelu generacji ruchu pasazerskiego kolejowego wykorzystano modele regre-
syjne w ktérych zmienna objasniang jest liczba pasazeréw na przystankach, a zmiennymi objasnia-
jacymi informacje o obszarze otaczajacym przystanki oraz oferta przewozowa wyrazona liczbg po-
ciagdéw zatrzymujacych si¢ na tych przystankach. Tak wigc w modelu sieci transportowej korzystano
z danych okreSlajacych liczbe wsiadajacych/wysiadajacych na stacjach i przystankach, a w modelu
obszaru z danych charakteryzujacych obszar w otoczeniu stacji. O potencjale generacji ruchu kole-
jowego decyduje dostepnos¢ stacji lub przystanku kolejowego dla uzytkownikéw, w wiekszosci dla
mieszkajacych w jego otoczeniu. Ustalenie tego potencjalu wymaga zbadania wplywu zagospodaro-
wania przestrzennego w otoczeniu stacji na wielko$¢ ruchu na tej stacji. Na podstawie do§wiadczen
i zastosowania analizy regresyjnej dla réznych zasiggéw oddzialywania stacji stwierdzono, ze naj-
bardziej miarodajne okazuja si¢ informacje o otoczeniu stacji w promieniu do 2 i do 5 kilometréw.
W promieniu do 2 kilometréw istotny jest wptyw tych zmiennych z punktu widzenia potencjatu gene-
racji ruchu aglomeracyjnego i regionalnego, poniewaz jest to zasi¢g dojscia pieszego do przystanku.
Dla ruchu miedzyregionalnego i migdzyaglomeracyjnego zmienne opisujace otoczenie przystanku
w promieniu do 5 kilometréw lepiej opisuja liczbe pasazeréw niz zmienne z wigkszego promienia
(uzyskano lepsza korelacje). Pozwala to okresli¢ zaleznosci pomigdzy liczba pasazeréw na stacji
a zmiennymi obja$niajagcymi charakteryzujacymi otoczenie w jakim te stacje si¢ znajduja.

Do zbadania wptywu zmiennych objasniajacych na zgodno$¢ wynikéw otrzymanych z modelu
podrézy z kontrolnymi danymi statystycznymi zastosowano analize regresyjng. Przy wyborze zmien-
nych objasniajgcych brano pod uwage ich korelacj¢ tak, aby ograniczy¢ ich liczbe i wprowadzac te
ktére sa dostepne na etapie budowy modelu dla stanu istniejacego i okreséw prognostycznych oraz
silniej wptywaja na prawidlowy wynik obliczerl. Analize przeprowadzono na poziomie ruchu na
stacjach lub przystankach kolejowych oraz dla ruchu zagregowanego do rejonéw komunikacyjnych
(np. kilka stacji lub przystankéw w jednym rejonie).

W wyniku analiz otrzymano réwnania regresyjne, okreslajace sum¢ podrdzy kolejowych gene-
rowanych w poszczegdlnych rejonach oraz na poszczegdlnych stacjach lub przystankach kolejowych.
Opracowany model mozna wykorzysta¢ do liczenia prognozowanego pasazerskiego ruchu kolejo-
wego np. na potrzeby prowadzonych inwestycji kolejowych. Dodatkowo zaproponowaé mozna jego
wykorzystanie na dwa sposoby. Pierwsza mozliwo$¢ to oszacowanie wielkoSci potencjalnego rynku
podrézy kolejowych w przypadku gdy proponowana jest lokalizacja nowego przystanku, a druga, to
wykorzystanie modelu do liczenia wskaZnikéw wzrostu dla okresu prognozowanego, poprzez wpro-
wadzanie prognozowanych warto$ci zmiennych objasniajacych (ludnosé¢, motoryzacja, PKB, itd.).
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