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Abstract

This article presents the results of public and private (car) transport accessibil-
ity modelling, which gives the room for the comparison of two types of transport
throughout the whole day as well as the rush hours. Both public and private trans-
port models are based on public available data, accessible via the Internet which is
downloaded using a programming language and processed using the GIS tools. The
public transport model is based on the GTFS data (General Transit Feed Specifica-
tion), while the car model has been created from data on driving times derived from
Google Maps® API. Both models presented in the article have been constructed for
a specified period of time, namely from 5.00 am to 10.00 pm in 15-min intervals.
The analysis of the above-mentioned models has allowed the comparison of differ-
ences in potential 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 actually competitive with the private means of trans-
port. The results of potential accessibility analysis are visualised with the use of
maps, including the choropleth ones.
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1 Introduction

Potential accessibility is a significant scientific concept used in transport research.
The potential accessibility method makes it possible to analyse entire regions,
countries or cities in statistical and dynamic aspects, taking different infrastruc-
tural investments under consideration (Vickerman 1974). Since the very begin-
ning, the potential accessibility theory has been based on spatial location of travel
sources and destinations in the context of different means of transport, which
relies mainly on the land use planning documents concerning areas and surround-
ing cities (Geurs and van Wee 2004; Hansen 1959; Harris 1954). A particular
calculated value of potential accessibility indicates the potential of a given place
or region, taking all relations with neighbouring areas into account. The times
matrix, created while calculating potential accessibility, depends on the space
resistance function which affects attractiveness of a given destination (Rosik
et al. 2020). The research method used in this particular paper is the potential
accessibility index, which is characterised by the fact that the longer the distance
or travel time, the lower the attractiveness of the destination, e.g. population or
GDP (Geurs and van Wee 2004). In most studies, potential accessibility is gen-
erally shaped by the potential of people living in a certain area. The population
potential is a simple indicator depicting a situation in a particular place and time.
People moves between different destinations using different means of transport in
order to satisfy their everyday needs. Commuting to work (Merchant and Nem-
hauser 1978) and going shopping (Farber et al. 2016; Widener et al. 2015) are the
two most frequently mentioned motives behind everyday travelling. Commuting
to work is one of the major travel activities causing road congestion during the
rush hours, while going shopping is also in the group of daily activities result-
ing in temporary road congestion (Goliszek et al. 2020). The two aforementioned
activities (O’Kelly and Niedzielski 2009; O’Kelly et al. 2012) do not only cause
the afternoon rush hours that makes people to use the public transport means.
Recently, researchers are spending more and more time studying and describing
operation of public and private transport during the morning (Goliszek 2017)
and afternoon rush hours. Such analyses allow to formulate recommendations
to avoid wasting time when travelling at different times of the day (Niedzielski
and Boschmann 2014; Shearmur 2006; Shirgaokar 2014; Wang and Chen 2015;
Yongling and Guonan 2009).

In recent years, the researchers have focused on public transport networks and
their accessibility in the context of reaching various destinations when using
modal transport. The General Transit Feed Specification (GTFS; Google 2018)
data are most often used in such analyses (Hadas 2013; Rosik et al. 2021). They
are made public by urban and regional transport operators and bodies responsible
for urban transport systems management (Delling et al. 2014; Farber et al. 2014;
Goliszek and Potom 2016; Karner 2018; Wessel and Widener 2016; Wessel et al.
2017; Widener et al. 2015, 2017). The GTFS data allow creating public trans-
port models which generate accurate travel times according to time tables. This
accuracy makes it possible to indicate time gaps in public transport operation
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schedules (Allen and Farber 2019). So far, the analyses using the GTFS data have
been focused on commuting to shops and shopping centres (Farber et al. 2014;
Widener et al. 2017), health centres (Neutens 2015), and cultural and educational
facilities (Allen 2019) and they have indicated significant inequalities in acces-
sibility to those services by means of public transport. While analysing the GTFS
data, the researchers were pointing out some disadvantages and limitations of this
data format. The analyses based on the GTFS data usually address the frequency
of public transport services (El-Geneidy et al. 2015, 2016). Consequently, when
the analysed time periods are relatively long, the modelling may not be accurate
(Farber et al. 2016; Fransen et al. 2015; Wessel and Widener 2016; Wessel et al.
2017; Yin et al. 2020). However, the lower the frequency of transport services,
the more important its precision of modelling.

Currently created models 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 are processed by companies
and then made public, e.g. they can be downloaded from Google Maps® website
for free. As for other companies, some of them charge 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 (Lagrell et al. 2018; Wang and Xu
2011; Wang et al. 2013; Rothfeld et al. 2019). TomTom® and Google Maps®/
Transit are among the most well-known companies gathering and processing traf-
fic data. However, if a regular user wants to download real-time data and cre-
ate 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 special
application generating real-time map loads and saving them is required (Garcia-
Albertos et al. 2019; Xia et al. 2018). Such an application has to be written in a
programming language. The author of this article has created an original model
of the road transport system in the city of Szczecin using Google Maps® API
data (Wang and Xu 2011) downloaded using an application written in Python 2.7.

Analysing data on public and private transport is a good research field, which
has been developing dynamically in recent years. Moreover, the results of analy-
ses based on open data sources are becoming more and more accurate. Taking
different times of the day into account, such analyses would show when differ-
ences in operation of public and private transport are the smallest (Bach 1980;
El-Geneidy and Levinson 2007; Salonen and Toivonen 2013; Shirgaokar 2014).
In the study by Salonen and Toivonen (2013), three different types of models
were implemented which includes simple, intermediate and advanced. It made it
possible to assess the environmental and social impact of sustainable transport.
Other studies that compare different types of transport focus on commuting to
work and selection of the most suitable means of transport in the context of land
use and planning (Bwire and Zengo 2020). A considerable advantage of the study
presented herein is the fact that the advanced model used covers both private and
public transport, just like in the study by Salonen and Toivonen (2013). More
over, not only the peak hours are taken into consideration, but other hours of the
day that are not obviously connected with everyday community are considered as
well.
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2 Research area, data and methods
2.1 Area and data

The research area covers the city of Szczecin in its administrative boundaries, situ-
ated in north-western Poland. In 2018, the city had a population of approximately
400 thousand people (data published by the City Hall). The City Hall provides
population data by the city districts. For the purpose of this study, the population
data obtained from the City Hall have been used to estimate approximate number
of citizens living in census areas. The city of Szczecin is divided into 1869 census
areas, and the population for these areas is for 2011. In the article, the population
in the estate was estimated at the census enumeration area according to the share of
the population from 2011. The number of resident’s from 2011 was updated using
data from 2018. Therefore, the analysis presented in this article may be considered
very detailed. For each census area a centroid has been designated, acting as a link
between the areas. The census centroid is a spot with the highest population den-
sity. Locations of the centroids have been confirmed with the use of satellite images
where location of housing estates is clearly visible (Fig. 1).

All the data necessary to calculate the potential accessibility for the public trans-
port model sum up to as much as 70 GB. The travel times matrixes for the 15-min
periods have been saved in DBF format, generated by ArcGIS. The matrix for an
individual profile is 493 MB and it consists of 3,493,161 records. For one type of
transport, data gathered for only one day, in 15-min periods, sum up to 69 files. As
the study covers two types of transport—138 files have been created for just one
analysed day. All those files have been processed in R software (Vallone et al. 2020).
The first task was to convert DBF files to the CSV format. Processing data in R
allows reducing the file size and calculating the potential accessibility much faster.
After the conversion, a 493 MB matrix changed its size to approx. 70 MB. The pro-
gram reduces the number of output files and calculates potential accessibility.

2.2 Individual transport modelsparameters

For the purposes of this article, the author has created an original model of pri-
vate transport operation in Szczecin using Google Maps® API data, which had
been downloaded with the help of a dedicated application written in Python 2.7.
A basic grid of roads and footpaths has been created on the basis of the BDOT10k
(https://www.codgik.gov.pl/), and it is presented in the upper left corner of Fig. 1.
The BDOT10k base includes data on topographic objects with different attributes
assigned to them, including road infrastructure. This database allowed to determine
the most significant roads in the city and to create the model of private transport. The
created road network depicts travel times between particular road sections (sections
between the junctions) in 15 min intervals. Data on the travel times apply to selected
weekdays—from Tuesday to Thursday and certain times of the day—from 5.00 am
to 10.00 pm. Limiting the study to the period between Tuesday and Thursday allows
to exclude increased pre- and post-weekend traffic from the analysis. Mondays and
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Fig. 1 Public transport (upper left map), road network (top map), centroids of census areas (left bottom
map) and population numbers (lower map below)

Fridays have been intentionally excluded from the analysis as on those days, traffic
may be heavier and caused by people returning from (Mondays) or going to (Friday)
weekend trips. It may affect the pattern of everyday commuting. The application
allows to generate map loads and download data on travel times between selected
X and Y destinations. Google Maps® API data has been assigned to particular sec-
tions of the urban road network. The only restriction limiting the free-or-charge use
of Google Maps® API is that it is possible to generate no more than 2500 map loads
per day per API (Mercurio 2008; Schwartz 2010; Wang and Xu 2011; Rothfeldet
al. 2019). It is possible to create individual transport (PrT) and public transport
(PuT) models on the basis of data derived from Comprehensive Traffic Research in
Szczecin. Such traffic research was done in Szczecin in 2010 and 2016. However,
both models are limited, and in the case of the public transport model, the travel data
do not accept timetable travel times under consideration. Additional disadvantage
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of these data is the fact that both models (for 2010 and 2016) were created only for
the morning traffic, between 6:00 and 9:00 am, and for the afternoon traffic, between
3:00 and 6:00 pm. In 2016, CTR also covered investments planned to be imple-
mented within the next few years (Comprehensive Traffic Research in Szczecin
2010; Comprehensive Traffic Research in Szczecin 2016).

The BDOT base contains approximately 15 thousand road sections covering the
area of Szczecin. In the cause, the author excluded those sections which are not
parts of the fast possible routes connecting the centroids during the first phase of the
analysis. After deleting the unnecessary sections, the author merged those road sec-
tions which altogether created longer elements of the road network which allowed to
reduce the number of Google Maps® API map loads to approximately 1,5 thousand
(Fig. 1, upper right part of the map).

One-lane roads sections were the first ones selected for the analysis of travel
times, and they are mostly one-way streets connecting the suburbs and the city cen-
tre. The bypass surrounding Szczecin which is partially running through the city
has also been added to this category. Data on travel times between 5.00 am and
10.00 pm were directly downloaded by the application in the periods of 2—4 and
9-11 October 2018. The overall number of measurements for the selected one-way
streets sections exceeded 10 thousand while the total length of the one-way sections
is 159 km. The graph in the upper left part of the map in Fig. 2 presents data on
changes in the speed throughout the day.
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Fig.2 Average speeds on the roads in Szczecin
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In the second phase of the analysis, sections of two-ways roads were taken under
consideration, and in the case of this group, travel times have been averaged for both
travelling directions. During the periods of 10-18 and 23-25 October 2018, approxi-
mately 20 thousand map loads were generated in order to download the necessary
data. The total length of two-ways road sections is 146 km and the graph in the
upper right part of the map in Fig. 2 presents the speed change for this type of road
network.

The third phase of the analysis involved gathering data on travel times for local
and internal roads. In this case, just as in phase 2, the data were downloaded for both
travelling directions and the averaged. They were downloaded during the period of
22-24 November and on 27 November 2018. The total length of local and internal
road sections is 128 km, and the graph in the bottom left part of the map in Fig. 2
presents the speed change for this type of road network.

During the last phase, data on travel times for the remaining road sections were
gathered. This action was taken in order to complement the road network database
and equally add sections which may significantly decrease travel times between the
selected centroids. For each Sect. 5, measurements taken at different times of the
day have been selected which allowed to indicate daily profiles. The values obtained
during the fourth phase have been compared to the data on travel times which had
been downloaded in the previous three phases of the analysis. This comparison
allowed calculating travel times between 5.00 am and 10.00 pm for those sections
for which there had been no direct measurements done. The data were downloaded
on 28 and 29 November 2018. The total length of sections analysed in the fourth
phase is 371 km. The speed change in the period between 5.00 am and 10.00 pm is
presented in Fig. 2 (bottom right part of the map).

The total length of road network analysed in the context of individual transport is
804 km. The selected sections for which travel times have been determined are pre-
sented in Fig. 3. The data on travel times were downloaded in October and Novem-
ber 2018. In order to construct the individual transport model over 60 thousand, map
loads with X and Y coordinates were generated in real time between 5.00 am and
10.00 pm. The average speed for all analysed sections is 28,12 km/h. The average
speed in 15-min time profiles for all analysed roads and streets in Szczecin is pre-
sented in Fig. 4. Assigning the data on travel times to the road network makes it
possible to connect all destinations within the city and perform time calculations
(Calabrese et al. 2011; Toole et al. 2015; Xia et al. 2018).

2.3 Public transport model parameters

Studies concerning transport accessibility in Szczecin with the use of the GIS
(Geographic Information System) techniques have been carried out consecutively
(Goliszek and Potom 2016; Goliszek 2017; Poelman and Dijkstra 2015; Stgpniak
and Goliszek 2017; Stgpniak et al. 2019) and were based each time on open access
GTEFS data published by an official body managing public transport system in the
city (GTFS open data Szczecin). In order to use the GTFS data for a particular city,
it is necessary to install a certain plugin and some additional tools. It is necessary
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Fig.3 Selected sections to measure travel time

to gain access to ArcGIS Network Analyst Tools. First, the GTFS data is used to
generate stops and public transport routes, and thereafter, a network of pedestrian
paths was added. Having all those layers, it is possible to generate a model of pub-
lic transport for a particular city. For the purpose of this study, a map of public
transport system in Szczecin has been created (Fig. 1, upper left corner). In order
to construct the pedestrian transport model, which is required by the GTFS model,
the road system network taken from the private transport model has been used. 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 aver-
age walking speed which shall be adopted when analysing transport accessibility,
e.g. Reyes et al. (2014) claim that the average walking speed for children is 3,2 km/h
while Fransen et al. (2015) and Ritsema et al. (2005) state that it is 4 km/h and at
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Fig.4 Average speeds in Szczecin on roads weighted along the length of the section

the same time Fransen claim that it is also the average walking speed for the adults
also and Ritsema et al. (2005) emphasise that this speed is concerned with linear
motion. However, in the study by Shirgaokar (2014), the adopted average walking
speed was 4,8 km/h. Meanwhile, Krizek et al. (2012) stated that people in the age
between 14 and 64 years usually walk at the speed of 5,4 km/h. The average walking
speed is a significant factor when assessing potential public transport accessibility as
it is a part of travelling route. Public transport lines using GTFS data are generated
between stops that are connected with each other by a bus or tram route. The built
model based on pedestrian paths and the GTFES public transport network largely cor-
responds to the actual transit times of public transport.

2.4 Research methods

Potential accessibility is measured using the potential-gravity method. Harris (1954)
and Hansen (1959) are believed to be the potential accessibility method precursors.
However, it was Vickerman et al. (1999) who used first the potential accessibility
indicator to evaluate transport infrastructure investments. The accessibility level of
a given place is expressed by A;. In this study, travel times between two census areas
in Szczecin is expressed by i and j=¢;,. Selection of the means of transport (public or
private) determines the travel time between i and j=t;. This parameter was reduced
by the spatial resistance function value f{t;). The attractiveness of a given destina-
tion is expressed by all population POPsum. The formula for the potential acces-
sibility is as follows:

A,(POPsum); = X,POPsum; f (ti/‘) (1)
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Coffey (1978) was the first one to use the potential accessibility method in
regional studies. In the case of urban areas, the results are significantly affected by
the function of spatial resistance (Allen and Farber 2020). In Szczecin, which is a
medium-size city, the spatial resistance function includes shorter time distances.
The most often used type of the spatial resistance function in potential accessibility
studies is the exponential function: (Beriaet al. 2017)

f(tl]) = exp(_ﬁtij) 2)

where f differentiates the level of destination attractiveness reduction. In order to
determine time for the spatial resistance function, the author used data published in
the study entitled “Comprehensive Traffic Research in Szczecin 2016” (CTR) where
the average travel time for means of public transport in Szczecin was approximately
30 min. In the case of travelling by car, the average travel time for Szczecin was
approximately 26 min while in the case of public transport it was more than 30 min.
In the article, the value was rounded to 30 min—it is kind of a compromise between
the average values obtained by CTR in 2016. Moreover, using the same values for
both analysed types of transport makes it possible to compare them more effec-
tively. The adopted value of the spatial resistance function parameter for the period
of 30 min is—0.023105, and it is sufficient to calculate both public and private
transport potential accessibility. In this case, using more sharply falling function of
spatial resistance will result in more densely populated areas being more visible on
the map and the significance of the public transport system will be underestimated.
Other researchers use the travel time median as a measure of passengers behaviour
in order to calibrate the space resistance parameter for their models (Merlin 2020).

The final maps presenting differences between accessibility by the public (PuT)
and private (PrT) transport were created using both models, according to the follow-
ing formula:

A(PuT),
TTAPIT), ®
All the calculations in this article are based on the population data, which is the
most commonly used parameter when calculating accessibility. The number of citi-
zens usually depicts spatial distribution of most accessible services, and they are

positively correlated with population density. It is also possible to use data on work-
places, yet this database is not free of charge.

3 Results
3.1 Publicand private transport potential accessibility
The visible differences in the potential accessibility maps created for public and

private transport systems in Szczecin results mainly from travel times included
in the model. In the case of public transport, travel times are calculated using the
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door-to-door approach, explained and described by Salonen and Toivonen (2013).
The door-to-door approach assumes that there are several time-consuming travel
components that shall be taken under consideration when calculating total travel
times. They are as follows: reaching a tram/bus stop, waiting for a tram/bus, chang-
ing (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 that are added as the parking time equal the walk-
ing time between the centre of a particular census area and the nearest road/street. In
fact, it is virtually impossible to measure parking time due its variability in different
cities in Poland. Actually, it may be random values. The only places where the park-
ing time may be assessed are some newly built buildings with monitored parking
areas. However, a correlation was demonstrated between the peak hours and possi-
bility to park in city centres (Assemi et al. 2020). Outside the city centre, the above-
mentioned values are obviously higher as the distance between the centroids and the
roads is longer. Moreover, the centroids located in the city centre are smaller. The
parking time that usually takes from 1 to 4 min does not significantly affect the total
travel time by car. Total travel time, after summing up all the components, is always
shorter in the case of private transport. The potential accessibility, while using the
same values in the map legend, is presented in Figs. 5 and 6.

Travel times for public and individual transport may be similar provided that pub-
lic transport services are of high frequency and that the public transport means do
not use the road system to avoid congestion. In Szczecin, the only places where it
is possible are situated near the tram network. The suburbs are visible in the poten-
tial accessibility maps for both private and public transport, and the core is always
characterised by higher accessibility values, which results from the specificity of the
potential—gravity method. Taking the selected times of the day (5.00 am, 8.00 am,
12.00 pm, 5.00 pm and 10.00 pm) under consideration, it is clear that in the case
of public transport, the potential accessibility level is stable or it slightly increases
throughout the day (Fig. 6). There is also a visibly higher accessibility during the
rush hours. The higher frequency, the shorter waiting and changing times. When
analysing the same times of the day for private transport, it becomes clear that,
except the rush hours, the accessibility for both the peripheral areas and the city
centre is higher than during the morning and afternoon rush hours (Figs. 7 and 8).
The values of potential accessibility are negatively affected by the road congestion.
Decreasing travel speed and increasing travel times are presented in Fig. 4.

3.2 Comparison of the public and private transport accessibility

It becomes clear comparing calculated values of accessibility for public and private
means of transport in Szczecin when the values for private transport are almost two
times higher. The disparities in the potential accessibility are even higher when tak-
ing the suburbs under consideration. Consequently, the private transport has sig-
nificantly higher values of the potential accessibility. The highest disparities were
recorded in Prawobrzeze district. Here, it is worth mentioning that in the case of
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Fig. 6 Distribution of potential accessibility by private transport
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Comparison of results of potential accessibility
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Fig. 7 Comparison of results of potential accessibility by public and private transport

suburbs, the time of leaving homes as well as public transport routes are two often
factors largely affecting public transport services. In Szczecin, most public transport
routes are typically found running radially to the city centre and there are only few
lines running across the districts. As a result, the potential accessibility of public
transport is much lower there. In Szczecin, public transport services are competi-
tive with the means of private transport only in the city centre and only in areas
served by the tram system. In the city centre, minor disparities between the two ana-
lysed types of transport are observed in the rush hours. Off peak, the public trans-
port potential accessibility is almost two times lower, even in places located near the
tram stops. In peripheral areas at non-peak hours, the individual transport potential
accessibility is nearly three times higher, in extreme cases even five times, than the
values of potential accessibility calculated for the means of public transport. The
smallest accessibility disparities are during the morning and afternoon rush hours
in the city centre, Srédmiescie district, and in the central part of Prawobrzeze dis-
trict. In Prawobrzeze, it is a result of situating a tram terminus on the outskirts of
Stoneczne housing estate. The terminus was constructed in 2015 under the first
phase of the fast tram project. The above-mentioned minor differences in accessibil-
ity result mainly from the existence of three tram lines running from Prawobrzeze to
Srédmiescie and terminating in the southern part of Pétnoc district and in the south-
ern and northern parts of Zachdd district. Thanks to the fast trains in Prawobrzeze
that has enhanced the public transport accessibility in the rush hours which is almost
as high as the accessibility calculated for the means of private transport (Fig. 8).
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3.3 Diversification of the potential accessibility at different times of the day

The disparities in the calculated values of potential accessibility provide informa-
tion on the places where the citizens are exposed to drop in the transport accessibil-
ity throughout the day and between the planned departures of the means of public
transport. As for the public transport, the highest drops are observed in the north-
ern part of Pétnoc district and in the eastern part of Prawobrzeze district. The low-
est disparities in public transport potential accessibility are in the central parts of
Srédmiescie and Prawobrzeze districts—both areas are covered by the tram network
(Wessel and Widener 2016; Wessel et al. 2017; Widener et al. 2017). Special atten-
tion should be given to the areas in Prawobrzeze, as the minor disparities observed
there are the result of organisational changes as well as the fact that the fast tram
terminus is located there also. The organisational changes included launching some
new lines running to the terminus and connecting some new areas within the district
with destinations located on the left bank of the river (Fig. 9). The visible drops in
Fig. 9 depict daily deviations to the minimum and maximum potential accessibility
observed between 5.00 a.m. and 10.00 p.m.

The daily disparities in the potential accessibility calculated for the means of pri-
vate transport are much smaller than in the case of the public transport. The results
are almost entirely affected by the road congestion. The highest disparities (30%) are
observed in the northern part Zachéd district and in the eastern part of Prawobrzeze
district. Smaller disparities in the calculated private transport potential accessibility
values are observed in the southern part of Zachdd district and in the south-western
Prawobrzeze. Those inequalities would have been definitely larger if it had not been
for a bridge on national road 31 connecting the two districts. As for the public trans-
port, the disparities are visibly higher as there is only one bus running across the

deviations by public
transport 2018

deviations by individual
transport 2018

Deviations in potential accessibility [%]

5 10 15 20 25 30 35 40 45 50 60 70 80 90 100< 0 25 5 10km

Fig. 9 Diversification of the potential accessibility by individual and public transport during the day
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bridge with a relatively low 20-min frequency. The bridge on national road 31 is the
one across which the traffic moves on smooth even during the rush hours. The situ-
ation is different in the case of the second bridge on road 10 and regional road 115
where the high peak hour congestion is observed.

4 Discussion

Recently, advances GIS original methods and techniques as well as open data
sources allow to create transport models which can be very useful for scientific
research (Frei et al. 2017; Xia et al. 2018). All the tools, including GIS, R and
Python, share one basic advantage which is simple and easily accessible. Select-
ing an appropriate original method for both calculating and visualising results of
the potential accessibility analysis is extremely important when evaluating and
comparing private and public transport systems. This article proves that a model
based on the GTFS and Google Maps® API data may be useful to perform such
comparative studies (Rothfeld et al. 2019). However, implementing simple mod-
els based on average speed values always involves the possibility of errors and
misinterpretation. Larger disparities between real GTFS travel times and data
obtained from Google Maps® API are observed in cities with larger popula-
tion density. Additionally, models based on the GTFS data do not capture road
congestion, nonetheless, delays are taken into account when constructing public
transport timetables making the model a bit more accurate. The study presented
in this article is based on almost 60 thousand Google Maps® API map loads. The
author states that both created models can be compared and an average error for
travel time deviation values for the means of private and public transport is not
large. However, it is worth mentioning that those models do not capture unpre-
dictable events, e.g. car crashes or inoperability of vehicles, which may largely
affect traffic or even make it impossible.

The author of this study has decided to compare public and private transport
accessibility in 15-min intervals between 5.00 am and 10.00 pm. The selected
times of the day cover the entire period of public transport daily operation. Dur-
ing the selected periods of time, including the morning and afternoon rush hours,
it is clearly visible that the individual transport accessibility is decreasing (Li
et al. 2019). Using the 15-min intervals has significantly differentiated the results
obtained. Large disparities for the means of public transport may result from the
fact that data based on the timetables have been used and it is possible that imple-
menting random home-leaving hours will be a better solution (Stgpniak et al.
2019). However, the main objective of this study was to identify inter-linkages
in public transport operation only in the period between 5.00 am and 10.00 pm.
Stepniak and Goliszek (2017) used a completely different approach, implement-
ing 15-min intervals but analysing the whole 24-h period. Obviously, their results
indicated a drastic drop in accessibility between 10.00 pm and 5.00 am. In other
accessibility studies, some shorter intervals were used, e.g. Jarv et al. (2018) used
12-min ones justifying that they are appropriate to analyse public transport sys-
tems. Fayyaz et al (2017) used 10-min periods but in this study, the period of
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time between 4.00 am and 10.00 pm was analysed. When comparing public and
private transport travel times, some authors did not use Google Maps® API. They
used data provided by the study on road traffic instead and on that basis they
assessed individual transport travel times (Owen and Levinson 2015). In Aus-
tralia, individual and public transport models were created with the use of sur-
veys. The surveys also showed that pupils may change the type of transport if it is
not twice as slow (Mehbub Anwar and Yang 2017).

In addition, using 15-min intervals may affect the results for public transport
while its impact is negligible in private means of transport. In the case of the private
transport model, the source of data is the most important factor. The TomTom®
data are perceived the most plausible, yet they are not open access data. The Google
Maps® API data are free of charge, and they can be considered plausible enough.
After its verification, the model based on the Google Maps® API data is good for
determining travel times (Wang and Xu 2011). When comparing means of public
and private transport, the final chosen model of transport is significant as it affects
the traffic and congestion. More and more authors are paying attention to changes in
transport policies resulting from increased road congestion (Arellana et al. 2012).
In some cases, transport policies assume implementing special fees for entering the
city centre (Ramosa et al. 2017). Wang et al. (2013) pointed out that people com-
muting by private cars pay more attention to comfort, travel time and reliability of
the vehicle while the people travelling by the means of public transport cost-effec-
tiveness and the opportunity to relax while travelling are more important.

A simple population potential accessibility indicator was used in this study. It is
a frequently used research method for measuring potential accessibility but there
are still other methods. Numerous studies were based on variability of accessibil-
ity (Merchant and Nemhauser 1978) and effectiveness of commuting (Niedzielski
et al. 2020) to workplaces or selected services (Farber et al. 2016; Widener et al.
2015). Workplaces are often located outside the most densely populated areas. Usu-
ally, when it comes to services, they are located in the city centres and they are not
evenly distributed. Subjecting only the selected travel destinations in the study is an
obvious limitation, yet the author states that using the population potential accessi-
bility indicator significantly reduces the research gap.

5 Conclusions

In order to draw any plausible conclusions, it is vital to use comparable data
while modelling public and private transport accessibility. It is also advisable to
use the door-to-door approach, just like Salonenn and Toivonen (2013) and the
author of this article did. The door-to-door analysis gives room to compare net
travel time using different research original methods. The net travel time param-
eter calculated for both analysed times of transport reduces the risk of data mis-
interpretation. It is worthy to emphasise that the calculated travel times may sig-
nificantly differ from the ones generated on the basis of time tables. Reliability
of public transport also contributes to this. However, the most reliable means of
transport is the underground as it operates outside the road network. The trams do
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not use the road network but there are some road sections with the tram tracks.
The least reliable means of transport is the bus as it uses the road system and does
not often operate according to the time table. Consequently, the calculated results
for this means of transport are vitiated by the largest error. The data used in trans-
port models should be publicly available and free for downloading. Accessibility
of transport data has significantly increased as they have started to be published
by institutions responsible for urban transport management, thanks to the GTFS
format. The more transit data are publicly available, the more studies on pub-
lic transport are published (Bok and Kwon 2016; Calabrese et al. 2011). This
increased open data accessibility is mainly a result of the INSPIRE directive
implementation, thanks to the large amounts of data that have been made publicly
available. Although the INSPIRE directive does not cover the GTFS data, most of
the files in this format are published and gathered in open repositories (INSPIRE
2018).

As for private transport, the situation is much worse. And in most cases, the
data are too expensive and as such a regular researcher cannot afford it. Tom-
Tom® or Google Maps® are examples of companies gathering and processing
time travel data for individual transport. In order to get TomTom® data, you have
to pay for it. Google Maps® does not make its data available entirely for free,
yet when having an application; one can generate 2500 map loads free of charge.
However, not only the issue of data availability is important, another key factor
is data volume, especially in the context of the gravity and potential analysis. In
2018, when the number of loads exceeded 2500, it was necessary to pay a fee.
The fee was not fixed and it depended on the number of loads. Creating a model
of private transport for a city having a population larger than 500 ths. people
using the Google Maps API is both time-consuming and costly. In such a case, it
is better to simply buy data from TomTom and save the time needed to create a
model. The author of this study has created an original model of individual trans-
port based on open data downloaded from Google Maps® API. Thanks to such
an approach that made it possible to perform detailed analyses of potential acces-
sibility in census areas in Szczecin. The model has been created with the use GIS
techniques and an application written in Python 2.7. This original method has
allowed comparing public and the private transport systems. However, this model
has one fundamental disadvantage—it has been created for one particular city and
for one particular period of time for which the data was downloaded.

According to Rothfeld et al. (2019), each and every study based on data down-
loaded from Google Maps API shows that private cars are always faster than the
public transport means. Using open data sources, like Google Maps API is very
convenient and allows to create models for selected periods of time in a certain
day of the week (Freiet al. 2017; Garcia-Albertoset al. 2019; Xia et al. 2018).

Figure 8 shows places with potential accessibility by the means of public trans-
port are comparable to the accessibility by private car. Those places are mainly
located in the city centre and in the central part of Prawobrzeze. During the morning
and afternoon peak hours, their potential accessibility by public transport reaches
80% of the potential accessibility by private transport. Such analyses may be useful
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when planning spatial development of urban areas, especially when implementing
new infrastructural projects that may affect traffic congestion in the whole city.
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