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Private car transport or public transport? The study of daily accessibility
in Szczecin

The article presents the results of public and private/car transport accessibility model-
ling, making it possible to compare journey times and two types of transport through-
out the day and during rush hours. The public transport model is based on the GTFS
data (General Transit Feed Specification), while the car model has been created using
data on driving times derived from Google Maps® API. Both models presented in the
article have been constructed for a specified period. The models for public and private
transport count 5.00 a.m. to 10.00 p.m in 15-minute intervals and represent 60 per
cent of residents’ travel during the working day. The analysis of the models men-
tioned above has allowed the comparison of the differences in accessibility and its
deviations at different times of the day. The disparities revealed by the study have
indicated that there are certain times of the day when public transport is competitive
with private means of transport. The study focuses on analysing population living in
areas inaccessible to public transport. During the day, public transport can compete
with individual transport over two communication peaks: in the morning (between
7:00 and 8:30 a.m.) and in the afternoon (between 3:00 and 6:00 p.m.), but is still
slower than a car. This spatial representation allows conclusions and recommenda-
tions to support low-carbon transport policies based on public transport and alterna-
tive travel options such as cycling plus public transport. The results show that many
people live in areas that are obliged to use public transport, which, although slower
than the car, can compete at peak times.

Key words: accessibility, GTFS, GIS, private/car transport model, public transport
model, Szczecin

INTRODUCTION

There is an opinion among many researchers that excessive use of cars has con-
tributed to increased greenhouse gas emissions and pollution (Newman and Ken-
worthy 1999, Banister 2005 and Gérling and Schuitema 2007). According to the
2014 IPCC report (IPCC 2014), until 2010 the transport sector had caused 14% of
the global carbon dioxide emission, most of it had been produced by passenger
cars. At the same time, a range of actions has been taken in recent years to reduce
CO, emissions from transport. However, the total amount of CO, emitted has in-
creased due to the measures implemented. According to the European Commission,
transport is responsible for nearly 30% of the E.U.’s total CO, emissions, of which
72% comes from road transportation. As part of efforts to reduce CO, emissions,
the E.U. has set a goal of reducing emissions from transport by 60% by 2050 com-
pared to 1990 levels (European Commission 2021). The effort invested in reducing
car-caused carbon dioxide emissions and the unsatisfactory results of those actions
make it clear that it is necessary to strengthen the ecological approach to the road
transport sector. According to the IPCC (2021), the share of transport in global
CO, production increases in the number of cars. However, the transport sector is
still responsible for many emissions (IPCC 2021). Under this approach, reducing
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the number of individual car journeys is essential, and may be achieved by intro-
ducing restrictions and limitations at various times during the day (Graham-Rowe
et al. 2011). Moreover, many public transport solutions have been introduced in
cities, e. g. free public transport services for drivers willing to give up personal car
ownership (Meyer 1999 and Friman et al. 2013).

Regarding strategies to reduce private car use, car ownership is the most diffi-
cult to give up. They have become essential commodities in most developed and
developing countries worldwide. In developed countries, pro-environmental atti-
tudes and a high awareness of society have made it possible for many people to
reduce the number of cars in their households and use public transport more often.
According to the literature on the topic, car ownership strongly influences all
household members. The more accessible access to a private car, the more car jour-
neys are made (Senbil et al. 2009, Van Acker and Witlox 2010 and He and
Thagersen 2017). Car owners are usually assigned a particular material status (Lee
et al. 2017). Therefore, car ownership is combined with prestige (Steg 2003 and
Innocenti et al. 2013). Cars offer the possibility to move almost anywhere and at
any time, which gives a sense of freedom, and the only restrictions are those result-
ing from traffic regulations. Therefore, people who have bought a car are usually
reluctant to resign from using it and switch to public transport services (Dargay
2001 and Clark et al. 2016). The numerous benefits of car ownership only strength-
en the habit of using it and make it more challenging to start using public transport
(Simma and Axhausen 2001 and Gardner and Abraham 2010).

Moreover, studies show that some car owners feel a strong bond with their vehi-
cles. Thus, they intentionally avoid alternative travel and commuting methods
(Beirdo and Sarsfield Cabral 2007). However, large campaigns organised to raise
awareness of social and environmental results of everyday driving and free public
transport services are actions to discourage drivers from using private cars and en-
courage them to switch to means of collective transport (Lo et al. 2013). The study
conducted in Silesia (Poland) proved that economic factors such as petrol prices or
public transport ticket fees are not efficient for changes in transport behaviour pat-
terns. Instead, the research showed that psychological factors are most important
(Urbanek 2021). However, the factors determining the choice of public transport
over the car vary from city to city in Poland.

In the studies published, the authors mainly focused on the limitations of using
private cars, reflected by the following steps to reduce road traffic (Bamberg et al.
2011 and Friman et al. 2013). Perception of different transport modes may be af-
fected by many factors, e. g. lifestyle, preferences, previous experiences and broad-
ly-understood surroundmgs (Currie 2004 and De Vos et al. 2012 and 2016). There
were several studies aimed at comparing the attitudes of drivers and non-drivers
(Faishal 2003 and Beirdo and Sarsfield Cabral 2007). In some selected cities, there
were studies on how attitudes to different transport modes may vary according to
the efficiency of their transport systems and the range of transport alternatives
available (Van et al. 2014). During the last few years public transport has been los-
ing its significance. Yet, it is still the least onerous means of public transport that is
capable of shuttling a large number of people. These advantages are of great signif-
icance when implementing sustainable transport systems in urban areas. In order to
improve the quality of air as well as the whole environment, both locally and glob-
ally, it is advisable to popularise campaigns promoting alternative means of
transport, including public transport.
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This article shows that a simple cumulative gravity model, used for different
sizes of study areas based on the standard gravity model, which allows the compar-
ison of different transport modes in the Origin-Destination (O. D.) system. Analys-
ing public and private transport data is a good research field that has been dynami-
cally developing in recent years. Moreover, the results of analyses based on open
data are becoming more and more accurate. Such analyses, taking different times
of the day into account, show when differences in the operation of public and pri-
vate transport are the smallest (Bach 1980, El-Geneidy and Levinson 2007, Salo-
nen and Toivonen 2013, Shirgaokar 2014 and Beria et al. 2017). Such research
may reduce the research gap and provide data concerning the issue of private and
public transport competitiveness at different times of the day.

The main focus of this work is to compare two modes of transport using public-
ly available data, which will help conclude the competitiveness of public transport
throughout the day (Elldér et al. 2012 and Goliszek 2017). Currently created mod-
els of individual transport are mainly based on data derived from online portals or
systems gathering data on travel times from GPS transmitters in cars or mobile
phones. The GPS data is processed by companies and then made public; e. g. they
can be downloaded from the Google Maps® website for free. As for other compa-
nies, there are some fees for making the data available. Google Maps® gathers and
visualises real-time traffic data, but it is also possible to check averaged travel time
values (Wang and Xu 2011, Wang et al. 2013 and Lagrell et al. 2018). TomTom®
and Google Maps®/Transit are the most well-known companies gathering and pro-
cessing traffic data. However, if a regular user wants to download real-time data
and create a model of a travel time matrix for several different destinations, it is not
a simple procedure. In order to download data from Google Maps® API, a particu-
lar application generating real-time map loads and saving them is required.

The author of this article has created an original model of the road transport sys-
tem in Szczecin using Google Maps® API data (Wang and Xu 2011) downloaded
with an application written in Python 2.7. (Goliszek 2021 and 2022).

In the case of public transport, travel times are calculated using the door-to-door
approach, explained and described by Salonen and Toivonen (2013) — Fig. 1. The
door-to-door approach assumes that several time-consuming travel components
shall be taken under consideration when calculating total travel times. They are as
follows: reaching a tram/bus stop, waiting for a tram/bus, changing (if necessary)
and walking back according to the times used in the pedestrian model. As for the
private transport model, there are also four components — reaching a car, driving
time (calculated using Google Maps® API data), parking and walking to the final
destination. The values added as the parking time equal the walking time between
the centre of a particular census area and the nearest road/street. Unfortunately, it is
virtually impossible to measure parking time due to its variability in different cities
in Poland (Goliszek 2021). Therefore, it may be random values. The only places
where the parking time may be assessed are some newly built buildings with moni-
tored parking areas. However, a correlation was demonstrated between the peak
hours and the possibility of parking in city centres (Assemi et al. 2020).
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Fig. 1. Examples of the door-to-door approach in (a) car journeys and (b) PT journeys
(Salonen and Toivonen 2013)

RESEARCH AREA, DATA AND METHODS
Research Area

The research area covers the city of Szczecin in its administrative boundaries,
situated in north-western Poland. In 2018, the city had approximately 400 000
people (data published by the City Hall). The City Hall provides population data by
the city districts. For this study, the population data obtained from the City Hall have
been used to estimate an approximate number of citizens living in census areas.
The city of Szczecin is divided into 1869 census areas. The population living in
Szczecin is proportionally divided into census districts according to the population
in the census districts in 2011. Therefore, the analysis presented in this article may
be considered very detailed. A centroid has been designated for each census area,
acting as a link between the areas — the centroids are placed in the most densely
built-up areas with the highest population. For better orientation in the urban space,
the boundaries of the following districts have been added: Zachod, Prawobrzeze,
Potnoc and Srédmiescie (Fig. 2).

Accessibility assessment

Out of the vide range of methods for measuring accessibility, including travel
cost, potential accessibility, and cumulative accessibility (Handy and Niemeier
1997 and Geurs and Ritsema van Eck 2001), the authors use the last method men-
tioned above. Cumulative accessibility, also known as isochronic accessibility or
contour measure, means accessibility measured by identifying sets of travel destina-
tions accessible within a specific distance, at a specific time, travel cost or effort.
In the case of a labour market, cumulative accessibility may pertain to the number
of jobs accessible within a given isochrone from the place of residence (Geurs and
Ritsema van Eck 2003 and Goliszek et al. 2020). The cumulative accessibility is
also used for population (potential labour force) available within an isochrone de-
parting from the journey starting point to the destination. (Kelobonye et al. 2019).
In the latter case, which the authors chose for this study, the cumulative accessibi-
lity is defined as:

J
j=1
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Cumulative accessibility A4i is the accessibility measured for a particular point
and potential to activities Oj (in this article, it is the population), where Bj takes the
binary value of 1 if the place of residence is within a predefined time threshold
(isochrone) and 0 if it is beyond the time threshold.

population
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Fig. 2. Public transport based on GTFS (upper left map), road network (top right map),
and population density 2018 (left bottom map)

Source: GTFS open data Szczecin.

Such an analysis assumes that all places are accessible within a particular time,
which is presented using a cumulative time accessibility factor (Thompson et al.
2019 and Rosik et al. 2021a). It is the average accessibility to all places in a city
using two modes of transport: private (car) and public (bus or tram). Time in this
study is not weighted by distance, as is done, e. g. with potential accessibility mod-
els. Only the time based on the gravity model is used between all measuring points
in this test. The average travel time was obtained using the cumulative accessibility
method in this particular article.

Cumulative accessibility is often used in the literature on this topic as a direct
and straightforward measure of accessibility equality to, for example, public facili-
ties, services, culture or changes in accessibility resulting from infrastructural pro-
jects (Talen 1996, Talen and Anselin 1998 and Gutiérrez 2001). Everyone should
have equal opportunity to access public services. This accessibility is a simple
measure indicating whether or not a given object is accessible and within what pe-
riod or distance (Shen 1998, Geurs and Ritsema van Eck 2003, Miller 2005 and
Rosik et al. 2020 and 2021b).

The objective of this article is to address the issue of reaching different destina-
tions using public or private means of transport by implementing a simple cummu-
lative accessibility model, based on the standard accessibility model which can be
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applied for urban areas. These models allow to obtain O-D data sets. Determining
the O-D relationship is based on several theories, such as the infrastructure-based,
location-based, person-based, and utility-based ones. This research takes account of
the infrastructure-based theory, usingtransport and person-based models that lever-
age data on population.

RESULTS

The road sections were selected based on the BDOT10k database of topograp-
hic objects (http://www.codgik.gov.pl/), presented in the upper right corner of Fig.
2. The created road network depicts travel times between particular road sections
(sections between the junctions) in 15-minute intervals. In the first step, the app
automatically downloaded travel times for origin-destination in Google Maps. The
origin and endpoint always correspond to the O-D point of the road section under
study. Next, the downloaded data is assigned to a specific time of the day (a parti-
cular hour between 5:00 a.m. and 10:00 p.m.) for a section of the road.

Data on the travel times apply to selected weekdays — from Tuesday to Thurs-
day and certain times of the day — from 5:00 a.m. to 10:00 p.m. Mondays and Fri-
days have been intentionally excluded from the analysis as those days. This is be-
cause traffic may be heavier and caused by people returning from (Mondays) or
going on (Friday) weekend trips. Therefore, it may affect the pattern of everyday
commuting. Finally, the application allows the map generation and creates data on
travel times between selected Origin and Destinations. Google Maps® API data
has been assigned to particular sections of the urban road network (Goliszek 2021).
The only restriction limiting the free-of-charge use of Google Maps® API is that it
can generate not more than 2 500 map loads per day per API (Schwartz 2010, Cala-
brese et al. 2011 and Wang and Xu 2011).

The total length of the road network analysed in individual transport is 804 km.
The data on travel times were downloaded in October and November 2018. In or-
der to construct the individual transport model, over 60 thousand map loads with X
and Y coordinates were generated in real-time between 5:00 a.m. and 10:00 p.m.
The average speed for all analysed sections is 28.12 km/h. The average speed in 15
-minute time profiles for all analysed roads and streets in Szczecin is presented in
Fig. 3 (Goliszek 2021). Assigning the data on travel times to the road network has
made it possible to connect all destinations within the city and perform time calcu-
lations (Calabrese et al. 2011).
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HOUR DURING THE DAY

Fig. 3. Average speeds on roads in Szczecin (in km/h) by 15-minute intervals
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Studies regarding transport accessibility in Szczecin with the use of the GIS
(Geographic Information System) techniques have been carried out consecutively
(Poelman and Dijkstra 2015, Goliszek and Potom 2016, Stepniak and Goliszek
2017, Stepniak et al. 2019, Goliszek et al. 2020 and Goliszek 2021 and 2022). The
study is based on open GTFS data published by an official body managing the pub-
lic transport system in the city (GTFS) and downloaded in 2019. For this study, a
model of the public transport system in Szczecin has been created (Fig. 1, upper
left corner). The road network added to the public transport model corresponds to
the road network from the individual transport model. The data concerning public
transport were calculated using the travel model based on the GTFS (General
Transport Feed Specification) data. The model considers the following factors: de-
parture time, the period within which a pedestrian reaches a tram/bus stop, waiting
time, travel time and finally, the period required to reach the final destination (Fig.
1). The average walking speed adopted for the study is 4.5 km/h, the same as in the
analysis by Stepniak and Goliszek (2017). In the literature, there is no consent on
the average walking speed that should be adopted when analysing transport acces-
sibility, e. g. Reyes et al. (2014) claim that the average walking speed for children
is 3.2 km/h. Other researchers e. g. Ritsema van Eck et al. (2005) and Fransen et al.
(2015) accept that a walking speed of 4 km/h is typical for most people. At the
same time, Fransen claims it is also an average walking speed for adults. In
Shirgaokar’s (2014) study, the adopted average walking speed was 4.8 km/h.
Krizek et al. (2012) stated that people between the ages of 14 and 64 usually walk
at 5.4 km/h. The average walking speed is a significant factor when assessing po-
tential public transport accessibility as it is part of a travelling route (Ritsema van
Eck et al. 2005, Krizek et al. 2012, Reyes et al. 2014, Shirgaokar 2014 and Fransen
et al. 2015).

The visible differences in the accessibility maps created for Szczecin's public
and private transport systems resulted mainly from travel times included in the
model. In the case of public transport, travel times are calculated using the door-to-
door approach, explained and described by Salonen and Toivonen (2013). As for
the private transport model, driving time (calculated using Google Map® API data)
and walking to the final destination. After summing up all the components, the to-
tal travel time is always shorter in the case of private transport. The lower average
time obtained by private transport is less than public transport because the bus or
tram stops at every stop when travelling using public transport. In addition, the lo-
cation of public transport stops requires one to walk to them, and at least three con-
nectors connect each area with the stop. The same connectors correspond to the
pedestrian crossing to the car, with the private car usually being in the parking lot
under the block or underground garage. The average accessibility, while using the
same values in the map legend, is presented in Figure 4. The door-to-door approach
comprises three elements. The first element of the journey is leaving a particular
place and walking to a car or public transport stop/station. The second element is
the journey either by private car or public transport (including possible changes).
The last element of the journey is walking from the stop/station/car park to the final
destination.

Cumulative accessibility varies by day, month, and year (Goliszek et al. 2020).
For this study’s purpose, the day is understood as between 5:00 a.m. and 10:00
p.m. The accessibility of public transport is less differentiated for this period of
time. Variations in accessibility are observed in places far away from stops with
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low bus or tram service frequency (Goliszek and Potom 2016). Usually, public
transport accessibility is not internally differentiated, excluding morning and after-
noon peak hours (Stepniak and Goliszek, 2017 and Stepniak et al. 2019), when the
service frequency is linked to increased activity number of passengers travelling at
the busiest time. However, maps of public transport accessibility in Fig. 4 show
that the differences between the peak and off-peak hours are not substantial due to
the frequency of public transport, which in Szczecin does not change significantly
outside rush hour.

A slightly different situation is observed regarding accessibility using private
transport. This transport mode is vulnerable to changes on the road, especially be-
tween 5:00 and 6:00 a.m. and between 8:00 and 10:00 p.m. when smooth traffic
flow is observed, and the only restrictions result from traffic lights and the highway
codes. The first signs of congestion are noticeable at 6:00 a.m. The heaviest morn-
ing congestion was observed between 7:00 and 9:00 a.m. The busiest quarter starts
at 7:45 a.m. The period between 9:00 a.m. and 3:00 p.m. is characterised by
smooth traffic flow — travel times are shorter than during the peak hours, yet longer
than during the two periods mentioned above. The heaviest congestion observed on
roads in Szczecin is between 3:00 and 6:00 p.m., with the absolute peak between
4:00 and 6:00 p.m. At that time, people usually leave work and deal with everyday
business on their way home. This mixture of different motives behind afternoon
road traffic jams makes it the heaviest during the day. The traffic slowly decreases
between 6:00 and 9:00 p.m., and finally, the traffic flow becomes smooth between
9:00 and 10:00 p.m. Figure 4 presents variations in the average travel time for the
selected hours.

Comparison of the public and private transport

When comparing the differentiation of accessibility between public and private
transport, one regularity becomes obvious — public transport accessibility is less
differentiated in the external areas of Szczecin, while private is less differentiated
in the city centre. Furthermore, public and private transport accessibility varies ac-
cording to the particular hours of the day.

In some places, accessibility by private transport is three times higher than by
public transport. These are less inhabited or industrial areas. The abovementioned
situation occurs mainly between 5:00 and 7:00 a.m. and 8:00 and 10:00 p.m. Dur-
ing periods of smooth traffic flow in Szczecin, private transport accessibility is bet-
ter than public transport accessibility. The disparities in travel times between car
and means of public transport are considerable and travelling by car is more con-
venient in this case.

The zones of comfort passage using public transport are located in the border
districts of Szczecin. Such a situation usually occurs during the morning and after-
noon peak hours, when speed on the roads decreases and the frequency of public
transport services increases. During this period, the difference between public and
private transport changes. Public transport is slower than cars and more competi-
tive (Fig. 4).
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Fig. 4. Spatial and temporal variations of accessibility by private transport,
public transport and PrT/PuT

Comparing individual results for the accessibility using public and private
transport allows for the pointing out of specific hours during which the difference
is the highest and the smallest throughout the day. The periods used for the com-
parative analysis are as follows: 5:00 — 7:00 a.m., 7:00 — 9:00 a.m., 9:00 a.m. —
12:00 p.m., 12:00 — 3:00 p.m., 3:00 — 6:00 p.m., 6:00 — 8:00 p.m. and 8:00 — 10:00
p.m. For each analysed period, the first and third quartiles of the results and median
were presented in Figure 5. The results also include the maximum and minimum
deviation and the median. For the period between 5:00 and 7:00 a.m., the median
indicates that the travel time is 2.8 times shorter for private transport, while during
the morning peak hours, it is 2.04, and still more than twice faster than public
transport.

Furthermore, between 9:00 a.m. and 12:00 p.m., the analysed value increases to
2.13. During the next period, 12:00 — 3:00 p.m. — 3:00 p.m., the median or
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average public and private transport values reach 2.06. The lowest value of the me-
dian (1.88) was recorded between 3:00 and 6:00 p.m. This is the day when the dif-
ference in driving times using public and private transport is the smallest. The me-
dian is much higher in the evening between 6:00 and 8:00 p.m., reaching 2.25. The
most significant difference in average driving times by public and private transport
was observed between 8:00 and 10:00 p.m. It equals 2.46, which means it is 2.5
times faster to reach a given destination by private car than by bus or tram. More
minor deviations in comparing public and private transport systems are observed
during peak hours (Fig. 5).

26
Put/PrT time

—— Median Quartile1 ——Quartile 3 hour

Fig. 5. Average travel time with first and third quartile values

Population living in areas of public and private transport competition

When planning public transport systems, it is essential to know the population
density of a particular area where the’ residents’ commuting needs are satisfied.
Determining such areas of convenient accessibility and assessing their population
allows the comparison of travel times and the seeking of alternative ways of com-
muting at different times of the day. In this analysis, the author focuses on the per-
centage of people who live in areas that can compete with private transport. These
places can be reached using public transport within a travel time that is not longer
than 100 per cent of the travel time when using a private car. At the same time, for
the places where the difference in the travel times by public and private transport is
more than 100 per cent, it can be assumed that the residents use private cars and it
will be tough for them to switch to the means of public transport. However, it is
worth mentioning that the differences in travel times change very dynamically in
space and time.

Between 5:00 and 7:00 a.m., most citizens, approximately 98%, live in the areas
— people at this time commute faster using private transport. Between 7:00 and
9:00 a.m., the percentage of citizens living in the zones of improved commuting by
public transport increases from 10 — 20% up to 60% at 8:00 a.m. when the gap be-
tween public and private transport narrows in favour of public transport. Then, be-
tween 9:00 a.m. and 2:00 p.m., better to commute by car as, during this period, ap-
proximately 80% of Szczecin citizens live in areas with better private transport ac-
cessibility. Between 2:00 and 3:00 p.m., the gap between public and private
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transport in favour of private transport decreases compared to the previous hours.
During the afternoon rush hour, between 3:00 and 5:00 p. m., the accessibility of
public transport is improved. In this time public transport is only 1.5 to 2 times less
accessible than individual transport. For only 10% of the citizens using private cars
is a better option during the period mentioned above, even though individual
transport is still faster. However, between 5:00 and 7:30 p.m, the number of people
living in an area where there is good accessibility by public transport to work de-
creases to only 10%. In the afternoon and at night, 7:30 — 10:00 p.m, the percent-
age is even smaller. During this period of time, the most significant disparity be-
tween the number of people living in areas faster public and private transport com-
muting is the largest, in favour of private transport (Fig. 6). Table 1 presents the
number of people compared to the average travel time through private transport in
the public transport system between 5:00 a.m. and 10:00 p.m.

100%  p—o —

- R — ————y
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O O O O O o O o ) o Gl o O O O O O O S O G o G o S O © O O o
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Fig. 6. Availability of percentage of people using public/private transport (car)

DISCUSSION

In order to draw any plausible conclusions, it is vital to use comparable data
while modelling public and private transport accessibility. This is important when
the analysis results may be used to improve a particular urban transport network
and make it more sustainable. The travel time parameter calculated for both ana-
lysed transport times reduces the risk of data misinterpretation. The data used in
transport models shall be publicly available and free to download. Thanks to the
GTFS format, accessibility of transport data has significantly increased as they
have started to be published by institutions responsible for urban transport manage-
ment. More transit data is publicly available. More studies on public transport have
been published (Calabrese et al. 2011 and Bok and Kwon 2016). Implementation of
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public transport models has become common since the GTFS data became availa-
ble. However, it is worth emphasising that such models are not entirely reliable.
The main disadvantage is that they do not take traffic jams into account. Currently,
more and more GTFS take into account actual data on journeys made by different
means of public transport at a given time, but not all operators are willing to pub-
lish this type of information.

Tab. 1. Number of residents in each zone of prevalence of private transport over
public transport

Time 1-1,5 1,5-2 2-25 2,5-3 >3
05:00 — 06:00 0 17,716 271,501 82,615 2,409
06:00 — 07:00 0 39,186 306,959 28,016 79
07:00 — 08:00 650 148,115 221,041 4,411 24
08:00 — 09:00 62 147,182 220,819 6,144 32
09:00 — 10:00 90 66,785 293,878 13,294 191
10:00 — 11:00 0 65,617 291,179 17,198 245
11:00 — 12:00 0 71,717 289,326 12,994 202
12:00 — 13:00 0 85,623 275,943 12,417 255
13:00 — 14:00 0 105,854 261,233 7,131 21
14:00 — 15:00 194 174,307 196,912 2,805 21
15:00 — 16:00 1,824 301,689 70,584 142 0
16:00 — 17:00 7,331 336,483 30,389 37 0
17:00 — 18:00 636 201,344 169,971 2,28 11
18:00 — 19:00 0 99,137 264,452 10,564 87
19:00 —20:00 0 42,443 309,991 21,039 767
20:00 - 21:00 0 22,801 296,113 53,73 1,596
21:00 — 22:00 0 12,177 257,569 98,351 6,142

Using 15-minute intervals may affect the results for public transport, while for
private means of transport, the impact is negligible, as it operates according to a
timetable. In the case of the private transport model, the source of data is the most
crucial factor. The TomTom® data are perceived as the most plausible, yet they are
not open access data. On the other hand, the Google Maps® API data are free of
charge and can be considered plausible. The Google Maps data can be downloaded
free of charge using the application or by entering the start and endpoint of a given
route. Travel time is estimated based on data provided by GPS receivers used by
private car drivers.

Nonetheless, it is worth mentioning that it is always an average figure for a par-
ticular time of the day and road section. After verification, the model based on the
Google Maps® API data is reliable (Wang and Xu 2011). The chosen model is sig-
nificant when comparing public and private transport means as the final users’
choice affects traffic and congestion. Wang et al. (2013) point out that people
commuting by private cars pay more attention to comfort, travel time, and vehicle
reliability. For travellers using public transport, cost-effectiveness and the oppor-
tunity to relax while travelling is more critical than shorter travel times (Wang et
al. 2013).

Some of the results for Szczecin partially call into question the study by Benen-
son et al. (2010). They analysed Tel Aviv and stated that the difference between
public and private transport observed in the city is smaller in favour of public
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transport. The analyses carried out in Tel Aviv were expanded, and measures of the
relative and absolute loss of access as public transport decisions were investigated
(Rofé¢ et al. 2015). Both this research and the study presented herein do not include
parking time and congestion. Erik et al. (2012) point out that the difference be-
tween the two analysed modes of transport becomes less significant when using
more advanced models, including the time needed to reach a car and park it or
changing times. Simple transport models generate much more significant dispari-
ties (Benenson et al. 2010).

In this article, the determined author areas in Szczecin with larger and smaller
disparities in travel times using public and private transport. In the earlier study,
Erik et al. (2012) indicated that those disparities are smaller in the city centre,
while the study presented here showed otherwise (Erik et al. 2012). Including the
potential accessibility in the analysis may have influenced the results for the city
centre. Hess (2005) demonstrated that the modal difference between the two modes
of commuting is more significant for the citizens living in the city centre. There are
visible disparities in accessibility in Szczecin, favouring public transport during the
morning and afternoon peak hours. It is much more convenient, up to three times
faster, to use a private car outside these hours. It is an exciting result that may be an
argument favouring switching to public transport, at least during peak hours
(Giuffrida et al. 2017). This article indicates specific areas in the city where public
transport is competitive, which may be an essential issue when choosing a place to
live. The number of people who live in areas with twice as poor cumulative acces-
sibility by public transport during the afternoon peak reaches 90% of all citizens.
During the morning peak, 65% of the citizens who live in these areas have a com-
petitive accessibility by public transport. Maybe the results presented herein con-
tribute to strengthening the position of public transport in everyday commuting and
help reduce the use of private cars in the city.

More than 60% of analysed journeys used public and individual transport, with
the overall share of private cars during the research period. Some of the actions
taken by the city are proper, including, for instance, the construction of park&ride
car parks near the newly built tram stops in the Prawobrzeze district. However, it is
necessary to make it possible for the residents of peripheral areas to reach the near-
est public transport stop (preferably a tram stop). There is a policy of urban bike
pursuit in the city. The urban bike stations are located near the bus and tram stops.
In Prawobrzeze, there are no bike&ride stops that would allow the citizens to safely
leave their bicycles and continue the journey through public transport. Another im-
portant recommendation is that more tram lines should be launched. The procedure
for developing the second phase of the fast tram project is ongoing, and the author-
ities are now considering three possible options. It is a project which will improve
the accessibility to public transportation for people living in peripheral areas of the
Prawobrzeze district.

CONCLUSIONS

Advanced GIS methods and techniques, accessibility of open data sources, and
processing possibilities allow using accessibility analyses in research and spatial
planning. While having such a wide range of tools and methods available, it is sig-
nificant to make proper methodological decisions when conducting such analyses.
It is essential to select appropriate and comparable data. Equally important is the
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time of day or periods chosen. Again, these should be at appropriate intervals to
assist in interpreting and drawing appropriate conclusions.

For this study, simple accessibility measures for private transport were applied
— a model based on the GTFS data provided by Google Maps API was created. As
for public transport, the model was created using the GTFS data with open access.
The author states that comparing such models depicts the actual situation in the
city. What is worth mentioning, is that the average speeds used to build public
transport models based on the GTFS data do not include information on traffic
jams and delays resulting from them. However, such information is indirectly in-
cluded in the public transport timetables. Therefore, the most significant disparities
between the private and public transport models may be recorded in the city centre,
especially where private cars and buses are stuck in traffic jams during peak hours.

In the city centre, trams are the most commonly used means of transport, and
they use their railway lines to move around. As for the private transport model, the
data downloaded from Google Maps API are averaged and do not include parking
time. In this model, the parking time was included as the time necessary to cover
the distance between the centre of the zone and the nearest road or street. It is also
worth noticing that travel times depend mainly on the day and time of the week
(Lei and Church 2010). Therefore, these differences in travel times between public
and private transport may vary according to a particular period. Currently, more
accurate analyses of accessibility are impossible to carry out. The advanced public
transport model includes accurate travel times, departure times, and differences in
travel times according to road conditions throughout the day.

Simple public transport models assumed that the waiting time for public
transport was half the waiting time between two of the same mode of transport run-
ning at different times. Today, simple public transport models are no longer used.
A significant disadvantage of simple public transport models was the lack of opti-
misation of journey times, usually found in the operators’ timetable if it is obliged,
for example, by the same operator. As a result of the lack of optimisation, the data
are distorted, especially for short distances, where the time to change and get to the
stop is a large share of the whole trip (Salonen and Toivonen 2013). As for the pri-
vate transport models, changes in accessibility resulting from traffic jams, appear-
ing more or less randomly, were particularly difficult to grasp. Even during peak
hours, it is still difficult to foresee if a particular one will be heavy or not. In the
model presented in this article, the author used data for weekdays downloaded
from Google Maps API. These data are imperfect yet accurately depicts road con-
ditions and delays resulting from congestion. If detailed data on times needed to
reach a car and park it were accessible, it would be possible to compare disparities
in accessibility. The method, including parking time, would make this study on
private car accessibility more accurate and advanced. In the analysed urban area,
the public and private transport accessibility is highly diversified throughout the
day. The advanced model used in the analysis makes it possible to perform a de-
tailed comparison of both modes of transport.

The author did not include all the possible paths in the city that pedestrians can
use, which may be a drawback of the study. The same road network was used for
both models: private transport and pedestrians. However, such a procedure did not
widely affect the final results on accessibility. The short journeys on foot are the
most affected ones in this case.
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The results may help improve the modal share by making the citizens use the
means of public transport more often. Various studies have shown that most people
are not ready to change their transport patterns even if they have to pay more for
using private cars. There are also studies which prove that implementing free pub-
lic transport may increase the number of citizens using it daily (Cats et al. 2017).
Maybe implementing free public transport services for people using bicycles to
reach the nearest station or stop will attract more citizens to use the public transport
system, especially in areas characterised by relatively high accessibility.

Undoubtedly, urban policy on the accessibility of public transport should be
fair. However, if there are some areas where public transport services are faster and
more effective, the frequency in such areas should be higher. Maximising public
transport services frequency during peak hours is not contrary to a just policy. The
services in peripheral areas are of low frequency, and increasing the frequency and
range of services in central districts may lead to the higher efficiency of public
transport. In the long term, it may increase the share of modal transport and make
the “bike + public transport” or the “car + public transport” solutions more popular
among the citizens.
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Stawomir Goliszek

__ INDIVIDUALNA ALEBO VEREJNA DOPRAVA?
STUDIA DENNEJ CASOVEJ DOSTUPNOSTI SUKROMNOU
A VEREJNOU DOPRAVOU V MESTE STETIN

Tento ¢lanok ukazuje, ze jednoduchy kumulativny gravitany model, pouzivany na roz-
ne velkosti Studovanych oblasti, zalozeny na Standardnom gravitatnom modeli umoziuje
porovnanie rdznych druhov dopravy v systéme vychodiskovy bod — ciel’ (Origin — Destina-
tion — O. D.). Analyza tdajov o verejnej a sikromnej doprave je oblast’ vyskumu, ktora sa
v poslednych rokoch dynamicky rozvija. NavySe vysledky analyz zaloZenych na verejne
dostupnych udajoch st Coraz presnejSie. Analyzy zohladiiujuce rézne Casy dia ukazuji,
kedy st rozdiely v prevadzke verejnej a sikromnej dopravy najmensie. Vyskum moze vy-
plnit’ medzeru v badani a poskytnut udaje tykajuce sa problematiky konkurencieschopnosti
sukromnej a verejnej dopravy v roznych dennych ¢asoch. Riesenie tejto otazky moze pod-
nietit’ asponi ¢ast’ ob¢anov, aby CastejSie vyuzivali verejnu dopravu, ¢o prispeje k zniZeniu
znecCistenia ovzdusia v centre mesta.

Hlavnym ciel'om $tadie je porovnat’ dva druhy dopravy s vyuzitim verejne dostupnych
udajov, ¢o pomdze dospiet’ k zaveru o konkurencieschopnosti verejnej dopravy pocas dia.
V sucasnosti vytvorené modely individudlnej dopravy su zalozené najmé na tidajoch ziska-
nych z internetovych portalov alebo systémov zhromaZzd'ujticich udaje o case cesty z GPS
vysielacov v autach alebo mobilnych teleféonoch. Udaje GPS spractivaju spolo¢nosti a na-
sledne ich zverejnuju, napr. je mozné si ich bezplatne stiahnut’ z webovej stranky Google
Maps®. Pokial’ ide o iné spolo¢nosti, niektoré si za spristupnenie udajov Gc¢tuju poplatky.
Sluzba Google Maps® zhromazd'uje a vizualizuje dopravné tidaje v redlnom case, ale je
mozné skontrolovat’ aj priemerné hodnoty cestovného ¢asu. TomTom® a Google Maps®/
Transit st najznamejsie spolo¢nosti, ktoré zhromazd'uju a spractvaju dopravné udaje. Ak si
vSak bezny pouzivatel' chce stiahnut’ tidaje v redlnom Case a vytvorit’ model matice casu
cestovania pre niekol’ko réznych ciel'ov, nie je to jednoduchy postup. Na stiahnutie udajov
z rozhrania API Google Maps® je potrebna konkrétna aplikacia, ktora generuje nacitanie
map v realnom Case a uklada ich.

V ¢lanku sme uréili oblasti v Stetine s vA¢§imi a men§imi rozdielmi v cestovnych ¢a-
soch pri pouziti verejnej a sikromnej dopravy. Moze to vSak zavisiet’ od zvolenej metody
analyzy dostupnosti. Zahrnutie potencialnej dostupnosti do analyzy mohlo ovplyvnit’ vy-
sledky pre centrum mesta. V Stetine su viditelné rozdiely v ¢asovej dostupnosti, ktoré
uprednostnuju verejna dopravu v rannej a popoludnajsej Spicke. Mimo tychto hodin je ove-
l'a pohodlnejsie, az trikrat rychlejSie, pouzit' stkromny automobil. Zaujimavy vysledok
mdze byt argumentom v prospech prechodu na verejnl dopravu, aspofi v ¢ase dopravnej
Spicky. Clanok poukazuje na konkrétne oblasti v meste, kde je verejna doprava konkuren-
cieschopnd, ¢o mdze byt zasadnou otdzkou pri vybere miesta na byvanie. Pocet I'udi, ktori
ziju v oblastiach s dvakrat horSou kumulativnhou dostupnost’ou verejnou dopravou pocas
popoludnajsej Spicky, dosahuje 90 % vSetkych obcanov. Pocas rannej Spicky ma konku-
renénu dostupnost’ 65 % obcanov. Prezentované vysledky by mohli prispiet’ k posilneniu
pozicie verejnej dopravy pri kazdodennom dochadzani do prace a znizeniu pouZzivania
osobnych automobilov v meste.
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