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Abstract: The analysis presented herein is aimed at indicating disparities in accessibility to some selected travel destinations by
means of private and public transport in the city of Szczecin. Accessibility is a simple measure of potential interactions between
two points in space. For the purpose of the study, an original model of an individual transportation system has been developed
using Google Maps API data. In order to do so, some GTFS and pedestrian-related data have been downloaded. To calculate
source-destination travel times at certain times of the day for four different parameters of pedestrian motion speed, ArcGIS
Network Analyst software has been used. Five research methods have been applied: the proximity measure, the population
percentage measure, the cumulative accessibility measure, the potential accessibility index and the potential accessibility
quotient. In order to develop an ultimate accessibility rating for housing estates in Szczecin, a synthetic accessibility measure has
been developed. The synthetic accessibility measure consists of 9 standardised components/values for both public and private
(car) transport. The potential accessibility to the population is part of the synthetic accessibility sub-measure. The isochrones
have been drawn in order to analyse the workplaces and secondary schools. Moreover, data concerning accessibility to the
nearest kindergarten, primary school, hospital, cinema, shopping centre and indoor swimming pool have also been taken into
consideration when calculating the synthetic measure. In the case of potential accessibility measures, it is usually the highest in
the city centre. Obviously, the nearer a particular facility, the higher its accessibility measure is. The only disparities between the
measures for public and private transport are observed in areas which are not covered by the public transportation network.
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1. Introduction

Accessibility, as such, is defined as a simple measure
of potential interactions between two pointsin space
(Hansen, 1959; Isard, 1954). One of the most frequently
used measures is cumulative and temporary acces-
sibility (Niedzielski, Kucharski, 2019; Goliszek et al.,
2020; Niedzielski, 2021), which indicates the number of
possibilities that may be reached in a given place and
within a specific travel time or when using a particular
means of transport (Vickerman, 1974; Geurs, van Wee,
2004). The cumulative and temporary accessibility
measures are simple not only to calculate but also to
analyse. The calculated results do not differentiate
travel time unless they are below or above a certain
threshold. Also, the way people perceive travel time
is not taken into account (Thompson et al., 2019). The
second method applied by the authors of this study is
the potential accessibility measure based on gravity. On
the other hand, this method discounts the attractiveness
of destinations by travel costs - the beta parameter
which decreases the attractiveness according to travel
time (Hansen, 1959; Vickerman, 1974; Geurs, van Wee,
2004). The main disadvantage of the method based on
gravity is the fact that the results are more challenging
to convey and interpret (Ingram, 1971; Geurs, van Wee,
2004). Notably, the potential and cumulative acces-
sibility measures are strongly correlated. Thus, they
may be used interchangeably if needed (EI-Geneidy
et al., 2016). That is why the main research methods
used for the purpose of this study are the temporary
and cumulative accessibility measures.

Daily accessibility measures have multiple practical
applications, including effective traffic management
in urban areas. Data on daily accessibility allows, for
instance, to determine times of the day when the
accessibility is limited or the period of time during
which the most significant differences in accessibility
by private and public transport are observed. Having
such knowledge, passengers and commuters in urban
areas may be able to assess travel times quite precisely
and choose the most suitable means of transport.
Hence, this study focuses on determining differences
in accessibility measures for both public and private
(car) transport in the city of Szczecin.

The main objective of this study is to imply different
accessibility methods for public and private transport
and to present them in the form of a standardised
index. Furthermore, the different methods of acces-
sibility by public and private transport in the form of
an index have been compared with each other, which
at a local level has shown differences in accessibility
to different destinations.

The paper uses commonly used methods of trans-
port accessibility, which are presented in the form of
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standardised results. The contribution of the article to
the development of science is not significant. Of great
importance is the comparison of public and private
transport, which is increasingly common with current
computational capabilities and data availability. The
contribution of this article is unique in that it takes
into account the public transport model made by the
author (Goliszek, 2022a).

However, the results of this study can be helpful
for planners and decision-makers dealing with the
development of public transport in cities. The results
presented and, based on them, implementing a new
transport policy or modifying an existing one can
significantly improve the operation of public transport
within a city and benefit both the residents and the
operator responsible for transport in the city.

2. Scope of the study

The study area does not cover the entire Functional
Urban Area (FUA) of Szczecin, as the authors used
data on public transport published by the Roads and
Transport Management Office (ZDiTM). The Office
does not collect data on private and public carriers
providing services in the neighbouring municipali-
ties. Narrowing the study area and focusing only on
the city within its administrative boundaries resulted
in excluding services provided by the inner-city rail
(managed by the Przewozy Regionalne company).
If the study area covered not only the city itself but
also the neighbouring municipalities, where lots of
commuters reside, the development of the private
transport model would be much more complicated
and time-consuming. This is due to the fact that the
authors would have to include numerous additional
road sections.

The city of Szczecin, characterised by a river-port
layout, is a relatively large city that covers an area
of 300,55 km? The city is the capital of the West Po-
meranian Voivodeship, and in 2019 (20.06.2019), it had
a population of 402,1 thousand people and a density
of 1347,1 p/km?” Therefore, Szczecin is the fourth larg-
est and seventh-most populated city in Poland. The
city has been divided into 1869 census areas based
on data provided by the City Hall. These spatial units
were taken into consideration when calculating the
accessibility measures, and they have become the
so-called transportation spatial units. Such a large
number of spatial units allowed the authors to conduct
in-depth and precise analyses.

According to the 1990 administrative division of
Szczecin (with some slight changes in boundaries of
some districts and housing estates that have been
introduced since then), the city consists of four districts:
Zachod (West), Prawobrzeze (Right Bank), Pétnoc
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(North) and Srédmiescie (Downtown). The districts
are divided into 37 housing estates (Fig. 1).

The Szczecin road network is 804 km long. In order
to analyse accessibility by private transport (car), the
whole network has been taken into consideration. The
data on travel times for selected sections of the road
network was downloaded in October and November
2018. In order to construct the individual transporta-
tion model, over 60 thousand map loads (travel time
data sent) with X and Y coordinates were generated
(downloaded) in real-time between 5.00 am and 10.00
pm (Goliszek, 2021).

The city is divided by the Oder river and the port
infrastructure, which makes it more difficult for the
Prawobrzeze dwellers to commute to the districts lo-
cated on the left bank (Srédmiescie, Pétnoc, Zachéd).
There are two bridges that allow crossing the river,
and they are located on roads DK10 and DK31. In the
housing estate called “Miedzytorze-Wyspa Pucka” in
Srédmiescie, the two-lane DK10 bifurcates, and part
of it becomes a three-lane regional road No. 115. As
for the public transport, until 2015, the only possible
way to cross the Oder was by bus. In order to make it
more convenient for the passengers, the city authorities
decided to expand the already existing tram network
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and launch a fast tram line crossing the river. The
first stage of the project has already been finished,
and on 29th September 2015, the first section (4 km
long) of the new line was launched. The project was
implemented under EU development policies during
the programming period 2001-2013. The second and
last section of the line is to be launched after 2025.
For the purposes of this article, the authors have
created an original model of private transport opera-
tion in Szczecin using Google Maps API data, which
had been downloaded with the help of a dedicated
application written in Python 2.7. A primary grid of
roads and footpaths has been created on the basis of
the Database of Topographic Objects (BDOT10k) . The
created road network depicts travel times between
particular road sections (sections between the junc-
tions) 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. The application
written in Python allows to generate map loads and
download data on travel times between selected X
and Y destinations. Google Maps API data has been
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Fig. 1. Division of Szczecin into districts and housing estates based on data from Szczecin City Hall.

Source: own elaboration of the authors
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assigned to particular sections of the urban road net-
work (Goliszek, 2021). The only restriction limiting the
free-or-charge use of the portal is that it is possible to
generate no more than 2500 map loads per day per
API (Mercurio 2008; Schwartz 2010; Wang, Xu 2011).
Travel times for the means of public transport were
calculated in several steps. First, a network database
was created on the basis of the General Transit Feed
Specification (GTFS) data with the use of the “Add
GTFS to network dataset” tool (Fig. 2). GTFS is a uni-
versal data format used worldwide to download data
concerning timetables and the location of stops. It
allows for to calculate of accessibility measures for
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Fig. 2. Creating public transport models in ArcGlIS.
Source: View from ArcGIS 10.2
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public transportation systems for a selected time
period during the day. The GTFS provide information
on timetables and other geographic data, e.g. stops
coordinates or bus/tram routes in the text. format
(Goliszek, Potom, 2016; Karner, 2018; Goch et al., 2018;
Stepniak et al., 2019). Szczecin was the first city in Po-
land for which the GTFS data has been made available
online (Rosik et al., 2021b; Rosik et al., 2020). The set of
data used for the purpose of this study includes text
files uploaded by ZDiTM in October 2018, and the
above-mentioned tool creates a network database
(stops and public transport lines).
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Next, the network database was supplemented
by a set of the OSM data on pedestrian traffic with
walking speeds assigned. The pedestrian paths are
connected in order to create a unified model of public
transport. The network database includes all elements
of the “door-to-door” journey, which are: reaching
a tram/bus stop, waiting for a tram/bus, changing
(if necessary) and journey duration (Salonen, 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, changing (if neces-
sary) 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 walking 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 to its
variability in different cities in Poland. Actually, it may
be random values. The only places where the parking
time may be assessed are some newly built buildings
with monitored parking areas (Goliszek, 2021).

In the next step, ArcGIS Network Analyst was used
to calculate travel times for a selected hour of the day,
taking four different parameters of pedestrian speed
into account. The final source-destination matrix
includes data on pedestrian travel times if they are
faster than the transit. The source-destination matrix
was calculated between centres of 1869 census areas,
which results in 3 493 161 source-destination rela-
tions with travel times (by public transport) assigned
(ZDiTM Szczecin).

3. Methods

The study is based on data for the source and destina-
tion journeys using transport models, including journey
times. In order to analyse transport accessibility, five
research methods have been used:

(1) the proximity measure,

(2) the population percentage measure

(3) the cumulative accessibility measure

(4) the potential accessibility index

(5) the potential accessibility quotient.

At the final stage of analysis, when creating the ac-
cessibility rank of housing estates, all the measures were
standardised, and a synthetic measure was created.

The first method applied was the proximity measure
showing the shortest distance to selected destina-
tions. The analysis covered 15-minute intervals at
different times of the day: between 7.00 and 9.00 am

—_ == =

for hospitals, 5.00-7.00 pm for shopping centres, 6.00-
8.00 pm for cinemas and indoor swimming pools. The
disparities revealed provided information concerning
the longest and shortest travel times by public and
private means of transport at different times of the
day (Goliszek, 2017b; Goliszek, 2019).

The population percentage measure was the sec-
ond method used in the context of reaching the nearest
available services. For each isochrone of accessibility,
a percentage of the population having accessibility
to a selected service was calculated. The analysis
covered different age groups: hospitals - all citizens
of Szczecin, indoor swimming pools - citizens aged
between 7 and 65, shopping centres - citizens aged
15 years and more, cinemas - citizens aged between
15 and 65. The accessibility maps created as part of
the analysis described herein present the phenom-
enain 5-minute intervals and a maximum 60-minute
journey time. The last accessibility interval consists
of areas located more than 30 minutes away from a
selected service.

The third method applied is the cumulative op-
portunities measure calculated for specific transport
areas in a particular period of time or within a given
travel distance. It is calculated as follows:

A=l BO 4)

Where: A is accessibility to servicesin transport area j
calculated for census area i, O, with possible interac-
tion withj. B, takes the binary value 1 if transport area
jfalls within a certain access threshold to area i. If the
time threshold is too high, B,=0.

The cumulative accessibility measure is often used
as a simple and direct way of determining spatial
inequalities in accessibility to e.g. public amenities
(Talen, Anselin, 1998; Gutierrez, 2001; Talen, 1996).
Itis also a simple indicator showing if a given object
is accessible within a given isochrone (Miller, 1991;
Goliszek et al., 2020).

In this study, the cumulative measure has been used
to determine accessibility to kindergartens, primary
schools, high schools and workplaces by means of
public and private transport (Goliszek, 2017a). The
map shows the percentage of all destinations (edu-
cational facilities and workplaces) accessible within
specific periods of time (Rosik et al., 2021a). As for
the kindergartens, primary schools and high schools,
the benchmark was the total number of educational
facilities in the city. The cumulative accessibility to
workplaces is a percent of all workplaces in Szczecin
which can be reached from a given transport area
within a specific time period. Both analyses were done
for 8.00 am on weekdays.
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The fourth accessibility method used for the pur-
pose of the study presented herein was the potential
accessibility index. Potential accessibility is measured
using the potential-gravity method. In this study,
travel times between two census areas in Szczecin
(i and j) is expressed by t, Selection of the means
of transport (public or private) determines the travel
time between j and j. This parameter was reduced
by the spatial resistance function value f(t ). The
attractiveness of a given destination is expressed by
the population POP.. The formula for the potential
accessibility is as follows:

A(POP) =Y, POP; f(t;) P)

In the case of urban areas, the results are signifi-
cantly affected by the function of spatial resistance
applied. In Szczecin, which is a medium-sized 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 (Beria et al., 2017; Stepniak,
Goliszek, 2017; Thompson et al., 2019; Merlin, 2020),
ie: f(t,) = exp(Bt,), where [ differentiates the level
of destination attractiveness reduction. In order to
determine time for the spatial resistance function,
data published in the study entitled ,Comprehensive
Traffic Research in Szczecin 2016” (CTR) was applied.
In this study, the average travel time for means of
public transport in Szczecin was approximately 30 min.
The adopted value of the spatial resistance function
parameter for the period of 30 min is —0.023105
(Goliszek, 2021; Goliszek, 2022b; Rosik et al., 2020).

For the purpose of this study, the authors calcu-
lated potential accessibility indexes for public and
private transport in 2018 and for public transport
only in 2009, 2012 and 2015. In order to take account
of daily changes in accessibility (time component),
potential accessibility has been calculated for a specific
period of time, namely from 5.00 am to 10.00 pm in
15-minute intervals.

Different people (citizens) may have different acces-
sibility levels assigned when certain demand-supply
limitations are applied. It may consider, e.g. workplaces
requiring highly-qualified employees. Such workplaces
can usually be found in highly accessible inner-city
locations. However, well-educated managers often
live in single-family house estates in the suburbs. For
them, the city centre is less accessible. The uneven dis-
tribution of demand and supply in cities is something
normal, and that is why the so-called competition
effect should be taken into account (Geurs, Ritsema
Van Eck, 2003; Geurs et al., 2009; Shen, 1998).

The fifth research method applied, i.e. the potential
accessibility quotient, takes account of the competition
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effect. The following quotients have been selected

by the authors:

1) potential of kindergarten places to potential
of population aged between 3 and 6 years old,

2) potential of primary school places to potential
of population aged between 7 and 15 years old,

3) potential of high school places to potential
of population aged between 16 and 18 years old,

4) potential of workplaces to potential of the working-
age population (18-60/65 years old).

Similarly, demand depicts the potential of citizens
representing differentage groups,i.e.POP . -
and P - the number of children in kindergartens, SP
- in primary schools, PP - in high schools and MP -

the number of workplaces. The formula is as follows:
Ai(POP3.6/7.15/16-18118-65)i = 2 POP3.g/7.15/16-1818-65 if (i)~ (3)

Supply depicts a comparison of the potential ac-
cessibility and the number of places in kindergartens
- P, the number of places in primary schools — SP, in
high schools - PP and the number of workplaces — MP
(the numerator):

Ai(P/SP/PP/MP); = ¥, P/SP/PP/MP ;f(t;)) @)

There are numerous studies on children commuting
to schools, especially those living in peripheral areas
(Catling, 2005; Parnell, Patsarika, 2011; de Kadt et al.,
2014; Lin et al., 2014; Zelinsky, Kubak, 2014; Kucero et al.,
2015; Loo, Lam, 2015; MacKenzieet et al., 2017; Stephens
wt etal., 2017; Gilliam, Gullav, 2019). However, the most
frequently studied issue is potential accessibility to
workplaces. The term ,potential of workplaces” was
used by M. E. O’Kelly and W. Lee (2005), M. E. O'Kelly
and M. A. Niedzielski (2009) and M. A. Niedzielski and
E.E.Boschmann (2014) and others. The ratio between
the potential of workplaces, places in the educational
facilities and the citizens of different age groups in
the census areas has been presented as the potential
quotient (Qi). It is calculated as follows:

A,I:P.."_':-'P .I'I.P.P .I'IJ'dP:' i

Q; =

A(FOF; _ &/ 7T—15/16—18 /18— 6065 b

)

All the research methods selected and presented
are frequently used in transport research. Using these
methods and standardising the results has made it pos-
sible to determine the level of accessibility by public
and private transport and to compare the two modes
of transport in terms of accessibility to selected travel
destinations. The research methods used can have
a sizeable practical dimension for planners and those
involved in implementing public transport within
a city or region.
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Finally, the process of standardisation was applied
to create a synthetic measure of accessibility to the edu-
cational facilities and workplaces by means of public
and private transport. The standardisation procedure
involved an essential measure which is the ratio of
the difference between a not-standardised variable
and population average and the population standard
deviation accordingly to the following formula:

X—p
o (6)

z:

where:

x — not-standardised variable,

U - population average,

o - population standard deviation.

The synthetic measure falls between 1 and 10, and
it has been calculated with the following formula:

Ms=w-10 7)
, =K
W=z (8)

where:

K - standardised variables z in descending order,

k — position of the element being part of set Zis setK,
#Z - the size of set Z,

w — auxiliary variable rounded off to the first decimal
place.

The standardised values were grouped into deciles,
and as such, they were depicted on the maps. Only the
measures (variables) which characterised accessibility
to different destinations in the city have been taken
into account: 9 for public and 9 for private transport
(18 in total) (Berezny, Konecny, 2019).

4, Results

Potential accessibility to the population by both private
and public transport is part of the partial synthetic
measure. The isochrone-based method has been
used in the cases of workplaces and high schools (the
number of workplaces and places in high school avail-
able in isochrone is up to 30 minutes). Additionally,
the proximity measure has also been applied to the
nearest kindergarten, primary school, hospital, shop-
ping centre and indoor swimming pool for a specific
period of time. The proximity measure was used for the
kindergartens and primary schools as those services
are directly linked to the number of citizens.

The analysis of single accessibility measures, which
have been standardised, revealed that for both public

and private transport, there are places of better and
worse accessibility. In the case of the potential acces-
sibility index, the highest accessibility is usually in the
city centre, as most of the highly demand services
are located there (Fig. 3). However, when analysing
the proximity measure, it has become clear that the
accessibility is usually better in the area surrounding
a place where a given service is provided. The map
is slightly more differentiated, and there are some
isolated places, e.g. in Prawobrzeze, where the ac-
cessibility is very high (Fig. 3 and 4).

The differences between single accessibility meas-
ures for means of public and private transport are vis-
ible on the maps only in places which are not covered
by the public transportation system. Obviously, in such
places, the accessibility by private transport is much
higher. In most cases, the standardisation procedure
revealed similar pictures. However, the overall acces-
sibility is higher for private transport (cars). Smaller
disparities for private transport shown on the maps
result from the fact that minimum and maximum
average travel times for cars are lower (Fig. 3 and 4).

The synthetic accessibility measure determining
areas in Szczecin having the highest accessibility
consists of 9 standardised measures for both public
and private transport (Tab. 1 and 2). The measure falls
between 1 and 10, where 1 means the highest acces-
sibility and 10 - the lowest. According to this measure,
some housing estates in Srédmiescie - Centrum, Stare
Miasto and Srédmiescie Zachdd - have the highest
accessibility. Such a result for this part of the district
has been affected by the selected destination and
measures of accessibility applied to this study (potential
and cumulative measures). As for the other housing
estates which surround the city centre, the average
accessibility is also high. Miedzytorze - Wyspa Pucka
is the only exception. However, it is an area having
a low population density with numerous allotments
and industrial objects located there. There are not
many services provided in this part of the district and,
subsequently, the transport network is under-
developed.

In the case of Pétnoc district, the average value
of the synthetic accessibility measure is 6,6 for pri-
vate transport and 6,8 for the public network. In the
southern part of the district, the accessibility measure
takes high values, e.g. in Niebuszewo, Zelechowa and
Warszewo. However, the further north, the lower level
of accessibility with its lowest point in Skolwin housing
estate. The analysis of accessibility in Potnoc district
has shown that its housing estates are internally dif-
ferentiated. Warszewo housing estate is an excellent
example as it has the average level of accessibility in
the south and low, or even very low, in the north. It is
directly affected by location of selected destinations



34 Stawomir Goliszek, Julia Wéjcik, Patryk Duma
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Fig. 3. Results of standardisation of indicators (synthetic measure) of accessibility by public transport in Szczecin based
on GTFS data

Source: own elaboration of the authors
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Fig. 4. Results of standardisation of indicators (synthetic measure) of accessibility by private transport in Szczecin based
on data and Google Maps API.

Source: own elaboration of the authors
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and a centric layout of the streets and public transport
systemin the city. The southern part of the district has
an excellent accessibility to the city centre. Citizens
of the north-western part of Skolwin housing estate
can easily reach destinations located in the centre of
Srédmiescie district or in Pétnoc district. That is why
the level of accessibility in this part of the housing
estate is higher than in other parts of this area located
north to Pétnoc district.

The calculated accessibility measure for Zachéd
district is 6,2 by private transport and 6,0 by public
means of transport. Housing estates that neighbour
Srédmiescie district have usually an average or even
high accessibility. These are as follows: Swierczewo,
Pogodno and Arkonskie-Niemierzyn. As for the remain-
ing housing estates in Zachéd district, the accessibility
is relatively low. What is worth mentioning, Gumierice
housing estate is internally diversified in terms of ac-
cessibility. The north-western part of the district has
relatively low level of accessibility. The district itself is
also internally diversified as a result of the particular
spatial distribution of selected destinations which
are mainly located in Srédmiescie (the city centre).

Stawomir Goliszek, Julia Wéjcik, Patryk Duma

Some of them are also directly linked by the public
transport routes.

In Prawobrzeze district the average accessibility
by car equals 6,9 while by means of public transport
is 6,7. Zdroje, Stoneczne and Majowe are the housing
estates with the highest accessibility. These estates
are located in the district centre where the majority
of services are located. Those housing estates are also
well-communicated with the city centre by fast tram.
Dabie housing estate is the one with the highest in-
ternal diversity. The southern parts of the district have
an average level of accessibility while the northern
ones - low. In the south-western housing estates of
Prawobrzeze district, the accessibility is low or even
very low. A similar situation is observed in housing
estates located in the south-eastern part of Szczecin.
Ztom-Kasztanowe housing estate has the lowest ac-
cessibility level in Prawobrzeze. It is located in the
north-eastern part of the city. Such a high internal
diversity of peripheral areas of Prawobrzeze district is
caused by a lack of services and underdevelopment of
the public transport network. The citizens living there
are forced to use their private cars (Fig. 5).

Tab. 1. Standardised public transport accessibility indicators at settlement level based on GTFS, Google APl and City Hall

of Szczecin
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Centrum SC Srédmiescie 14| 1,2 2,7 1,2 2,6 1,6 1,2 4,2 1,3 19
Srédmiescie-Zachod Sz Srédmiescie 12| 14| 52| 11| 40| 17| 15| 24| 19| 23
Srédmiescie-Pétnoc SP Srédmiescie 21| 22| 36| 21 30| 33| 22| 13| 25 2,5
Turzyn ST Srédmiescie 23| 22 3,5 21 3,6 2,9 14 2,6 2,2 2,5
Stare Miasto SS Srédmiescie 2,1 1,9 5,2 2,0 4,8 2,9 3,1 3,3 3,0 3,2
Niebuszewo-Bolinko SB Srédmiescie 28| 3,0 4,1 3,5 4,2 3,7 34 32 4,4 3,6
Drzetowo-Grabowo SD Srédmiescie 39| 3,5 5,0 2,6 4,2 2,1 3,3 5,9 4,5 3,9
tekno St Srédmiescie 31| 37| 44| 35 49| 6,1 2,7 3,5 3,8 4,0
Nowe Miasto SN Srédmiesécie 39| 34 4,0 3,6 4,8 2,6 5,9 3,4 7,6 4,4
Swierczewo ZS Zachéd 67| 7,3 3,3 5,6 4,2 5,1 3,1 1,7 3,1 4,5
Niebuszewo PN Pétnoc 42| 47 4,6 5,6 4,8 6,1 4,6 5,7 2,7 4,8
Pogodno ZP Zachod 78| 80 4,2 6,8 4,6 6,9 1,5 2,9 1,7 49
Arkonskie-Niemierzyn ZA Zachéd 45| 3,8 5,1 43 4,7 5,9 5,5 7.4 5,9 5,2
Pomorzany ZN Zachéd 56| 57 6,0 7,6 54 1,9 6,3 5,1 5,6 55
Zawadzkiego-Klonowica ZK Zachéd 64| 5,7 5,0 54 5,1 6,8 6,7 2,8 5,2 5,5
Zdroje Dz Prawobrzeze 48| 48 4,8 4,8 5.2 4,7 6,8 6,4 7,5 55
Stoneczne DS Prawobrzeze 6,7| 7,0 5,4 5,4 5,1 5.2 5,2 5,1 5,6 5,6
Zelechowa PZ Pétnoc 61| 6,3 4,1 5,0 3,8 3,1 8,4 8,2 8,8 6,0
Gumience G Zachod 84| 85 50| 81 59| 46 5,6 60| 65 6,5
Miedzyodrze-Wyspa Pucka MM Srédmiesécie 64| 69 6,3 71 5,8 7,9 58 7.3 5,8 6,6
Krzekowo-Bezrzecze ZB Zachéd 72| 6,7 6,8 6,6 7,7 7,9 7,8 6,7 55 7,0
Majowe DM Prawobrzeze 79| 7,7 7.2 8,6 8,1 7.1 8,6 3,9 7.6 7.4
Warszewo PW Pétnoc 85| 83 7.3 7.4 6,8 8,8 7,7 8,1 8,1 7,9
Dabie DD Prawobrzeze 80| 7,5 6,6 73 8,5 6,8 89 89 8,9 79
Bukowe-Kleskowo DB Prawobrzeze 92| 93 5,7 6,8 5,7 9,9 8,1 8,7 8,8 8,0
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Golecino-Goctaw PG Pétnoc 86| 84 54 74 7,0 94 89 9,1 8,6 8,1
Bukowo PB Pétnoc 81| 81 9,9 8,1 9,8 8,5 7,5 8,8 8,6 8,6
Gtebokie-Pilchowo ZL Zachéd 91| 84 9,8 9,0 9,9 8,1 6,4 9,0 8,1 8,6
Kijewo DO Prawobrzeze 88| 88 66| 88 9,8 7,9 9,9 79| 96 8,7
Stotczyn PT Pétnoc 87| 86 8,6 8,7 8,4 7.2 9,8 9,4 9,7 8,8
Osow Z0 Zachod 90| 91 98| 86 96| 96 8,6 96| 6,1 89
Podjuchy DP Prawobrzeze 100 99 7.1 9,0 8,1 9,0 8,7 9,4 9,3 8,9
Zydowce-Klucz DK Prawobrzeze 971 95 8,5 8,8 7,5 9,9 9,3 9,8 7,7 9,0
Plonia-Smierdnica-Jezierzyce DJ Prawobrzeze 10,0 | 10,0 4,9 9,0 77| 100 10,0| 10,0| 10,0 9,1
Skolwin PS Pétnoc 99| 99 8,9 8,5 84| 10,0 9,7 9,5 9,9 9,4
Zatom-Kasztanowe DA Prawobrzeze 10,0 | 10,0 8,8 9,0 74| 100 10,0| 10,0 9,9 9,4
Wielgowo-Stawociesze-Zdunowo DwW Prawobrzeze 10,0 | 10,0 9,5 9,0 9,3 74| 10,0| 10,0| 10,0 9,5

Tab. 2. Synthetic indicators of accessibility by private transport at settlement level based on GTFS, Google API and City
Hall of Szczecin
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Centrum SC | Sré6dmiescie 191 10| 35| 11 35| 35| 11 13| 26| 22
Srodmiescie-Zachod SZ | Srodmiescie 1,3 1,3 5,1 1,1 3,8 2,2 1,4 2,1 2,3 2,3
Stare Miasto SS Srodmiescie 1,7 2,2 2,8 1,7 2,8 24 1,5 4,6 1,3 2,3
Srédmiescie-Pétnoc SP | Srédmiescie 2,1 22 | 36| 20| 32| 37| 22 16 | 31 2,6
Turzyn ST Srédmiescie 2,2 3,3 5,2 2,7 4.8 34 3,2 3,6 3,1 3,5
Drzetowo-Grabowo SD Srédmiescie 2,9 1,7 4,6 3,0 5,2 74 2,6 2,0 3,0 3,6
Nowe Miasto SN Srédmiescie 3,6 2,3 5,3 2,0 5,1 3,0 2,4 5,1 5,2 3,8
tekno St Sréodmiescie 3,0 3,1 4,1 4,0 4,2 41 3,7 43 4,2 3,8
Niebuszewo-Bolinko SB Sréodmiescie 3,5 4,8 3,6 3,4 4.8 3,1 54 2,5 73 43
Swierczewo ZS Zachéd 7.9 6,6 3,3 7,5 3,8 3,0 3,4 2,0 3,2 4,5
Niebuszewo PN Pétnoc 4,3 4,2 5,0 6,0 5,0 53 4,8 55 2,6 4,7
Pogodno P Zachéd 8,1 7.1 4,5 7.8 4,4 4,6 2,0 3,2 1,8 4,8
Miedzyodrze-Wyspa Pucka MM | Srodmiescie 53 6,0 5,5 6,3 49 1,8 6,9 5,6 41 5,2
Arkonskie-Niemierzyn ZA Zachéd 4,7 5,6 5,5 4,0 5,1 6,3 5,7 7,6 5,8 5,6
Zelechowa Pz Pétnoc 7,7 6,7 5,1 7,7 53 3,1 57 5,0 5,7 58
Pomorzany ZN Zachéd 4,8 6,6 49 4,6 5,1 49 7.1 6,5 7,7 5,8
Zawadzkiego-Klonowica ZK | Zachod 6,5 4,9 54 4,8 59 7,5 6,9 3.2 7,2 58
Gumience ZG | Zachod 57 52 6,3 6,8 538 7,6 56 6,7 55 6,1
Warszewo PW | Pétnoc 8,9 8,7 4,7 8,9 5,0 2,6 4,5 59 6,5 6,2
Zdroje DZ Prawobrzeze 6,3 7,9 3,9 6,7 3,8 3,5 8,7 7,9 9,4 6,5
Stoneczne DS Prawobrzeze 71 7,9 7,0 8,0 8,0 6,9 8,3 4,1 5,7 7,0
Krzekowo-Bezrzecze 7B Zachéd 6,7 6,5 7,0 5,0 7,9 8,7 7,8 8,2 5,9 7.1
Majowe DM | Prawobrzeze 8,6 8,2 8,8 8,4 9,1 6,2 51 6,8 59 7,5
Golecino-Goctaw PG Pétnoc 8,9 8,5 7.1 8,6 6,9 8,2 6,9 7,2 6,7 7,7
Kijewo DO | Prawobrzeze 8,7 8,5 5,5 8,7 51 74 8,6 8,5 8,8 7.8
Oséw Z0 Zachéd 7,7 4,8 9,9 6,2 9,8 8,7 7,0 8,3 8,9 7.9
Bukowe-Kleskowo DB Prawobrzeze 8,1 8,6 5,7 8,6 7.1 9,6 8,2 8,9 7,9 8,1
Podjuchy DP Prawobrzeze 7.5 8,5 6,7 7.5 8,2 7.8 9,3 9,2 9,4 8,2
Dabie DD Prawobrzeze 8,1 9,0 6,4 8,5 9,6 71 9,4 7,6 8,4 8,2
Bukowo PB Pétnoc 9,9 9,7 7,0 9,5 6,9 9,4 9,4 9,4 9,2 8,9
Stotczyn PT Potnoc 9,4 9,7 8,0 9,9 7,0 | 10,0 9,5 | 10,0 73 9,0
Ptonia-Smierdnica-Jezierzyce DJ Prawobrzeze 9,0 9,3 9,8 9,4 9,6 9,9 9,2 9,4 5,4 9,0
Zydowce-Klucz DK Prawobrzeze 9,8 9,7 8,4 9,3 7.8 93 9,7 9,5 9,9 9,3
Gtebokie-Pilchowo ZL Zachéd 10,0 10,0 58 10,0 7.8 10,0 10,0 10,0 10,0 9,3
Skolwin PS Pétnoc 9,1 9,7 8,9 9,6 8,8 9,4 9,9 9,7 10,0 9,4
Zatom-Kasztanowe DA | Prawobrzeze 10,0 | 10,0 91 | 10,0 7,5 | 100 | 10,0 | 10,0 9,3 9,6
Wielgowo-Stawociesze-Zdunowo DW | Prawobrzeze 10,0 | 100 94 | 10,0 9,1 82 | 100 | 10,0 | 10,0 9,6
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Fig. 5. Synthetic measure of accessibility by public and private transport and the percentage difference between them

in Szczecin based on GTFS and Google API data

Source: Own elaboration

5. Conclusions

Several different conclusions may be drawn from the
study presented herein. Implementing numerous
research methods of static and dynamic nature has
made the results more reliable. The statistical analysis
has been carried out for specific hours and minutes
of the day. This type of analysis allows conclusions
about the situation (accessibility) at a particular time.
The description of this method is an interpretation of
a particular slice of time and space. The statistic ap-
proachis less complicated in terms of collecting data,
and itis beneficial when determining and comparing
places of better and worse accessibility. The statistical
approach included the following measures: proxim-
ity, population percentage, cumulative accessibil-
ity, potential accessibility and potential accessibility
quotient. Additionally, the standardisation procedure
was applied during the final stage of analysis (while
calculating the synthetic measure). They were using
the cumulative measure allowed to determine the
range of accessibility depending on travel times.

The dynamic approach included the proximity,
population percentage and potential accessibility
measures as well as potential accessibility quotient.
Finally, all methods are presented in a static form
by means of a method for standardising the results.
Here, the ranking method has also been applied (the
synthetic measure — standardisation procedure). They
are using all the above-mentioned methods allowed
to determine disparities in travel times by different
means of transport.

The analysis of daily accessibility allowed the au-
thors to indicate times of the day at which the selected
destinations can be reached within the same period
of time, no matter the means of transport. On the
other hand, itis also possible to determine when the
disparities in travel times are the greatest. Having such
detailed knowledge of travel times (time component),
passengers/commuters (individual component) will
be able to plan their journey and choose the most
convenient means of transport (transport component).
Accessibility measures may also be subject to long-term
analyses, e.g. several-year periods. For such analyses it
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is significant to collect data on changes in transporta-
tion networks. They may be helpful in assessing how
specificinfrastructural projects affect accessibility to
different areas or services in the city. Unfortunately,
in the case of public transport systems, the effects
are usually time-delayed and can be observed after
adjusting timetables and routes (Goliszek, 2018).

Analysing accessibility measures in Szczecin is
particularly interesting as it has a specific urban lay-
out—itis divided by the river and portinfrastructure.
Additionally, the frequency of ferry services is limited.
Not surprisingly, all housing estates located in the city
centre, on the left bank of the Oder, have the highest
level of accessibility to workplaces and critical facilities
(educational, cultural, health care and others). However,
in the case of proximity measures, there are several
different areas in the city, even in the Prawobrzeze
district, having a very high level of accessibility.

Generally, no significant disparities between the
means of public transport and private cars have been
observed. The only areas having better accessibility by
private care are the ones which are not covered by the
public transportation network. The standardised results
are similar for all districts. Nonetheless, the overall level
of accessibility by the means of private transport is
higher. Smaller disparities between the standardised
transport components for private cars are a result of
lower average minimum and maximum travel times.

It is also important to mention some limitations
of the analysis for public transport and of the model
itself, which only considers the bus and tramway
network. Also, the selected destinations could have
been supplemented with other destinations, which
would have had a positive impact on the results and
interpretations of this manuscript.

Acknowledgements

This article was written based on research funded
by the National Science Centre under decision no.
UMO-2017/25/N/HS4/01237 and PhD scholarship
UMO-2020/36/T/HS4/00131.

References

Berezny R., Konecny V., 2019, The quality standardisation
in suburban bus transport by the transformation of the
service quality loop, Transportation Research Procedia,
40, 955-962.

Beria P., Debernardi A., Ferrara E., 2017, Measuring the
long-distance accessibility of Italian cities, Journal of
Transport Geography, 62, 66-79.

Catling S., 2005, Children’s personal geographies and the
English primary school geography curriculum, Children’s
Geographies, 3, 325-34.

de Kadt J., Norris S. A., Fleisch B., Richter L., Alvanides S.,
2014, Children’s daily travel to school in Johannesburg
Soweto, South Africa: geography and school choice in
the Birth to Twenty cohort study, Children’s Geogra-
phies, 12 (2), 170-188.

El-Geneidy A., Levinson D., Diab E., 2016, The cost of equity:
Assessing transit accessibility and social disparity using
total travel cost, Washington: In 95th Annual Meeting
of the Transportation Research Board.

Geurs K.T., Boon W., Van Wee B., 2009, Social impacts of
transport: literature review and the state of practice of
transport appraisal in the Netherlands and the United
Kingdom, Transport Reviews, 29(1), 69-90.

Geurs K.T., Ritsema Van Eck J.R., 2003, Evaluation of ac-
cessibility impacts of land-use scenarios: The implica-
tions of job competition, land-use, and infrastructure
developments for the Netherlands, Environment and
Planning B: Planning and Design, 30, 69-87.

Geurs K.T., van Wee B., 2004, Accessibility evaluation of land-
use and transport strategies: review and research direc-
tions, Journal of Transport Geography, 12(2), 127-140.

Gilliam L., Gullgv E., 2019, Children as potential - a window
to cultural ideals, anxieties and conflicts, Children’s
Geographies, 1-12.

Goch K., Ochota Sz., Piotrkowska M., Kunert Z., 2018, Measur-
ing dynamic public transit accessibility to local centres
in Warsaw, Urban Development Issues, 58, 29-40.

Goliszek S., 2017a, Space-time variation of accessibility to
jobs by public transport - a case study of Szczecin, Europa
XXI, 33, 49-66.

GoliszekS., 2017b, Udziat transportu zbiorowego w poprawie
dostepnosci do ustug w Gdyni, Prace Komisji Geografii
Komunikacji PTG, 20(1), 36-49.

Goliszek S., 2018, Identyfikacja transportowego i przestrzen-
nego komponentu dostepnosci komunikacyjnej
w wybranych nadmorskich osrodkach miejskich, Prace
Komisji Geografii Komunikacji PTG, 21(2), 7-16.

Goliszek S., 2019, Time deviations in the operation of public
transport providing access to selected services in the
city of Szczecin, Prace Komisji Geografii Komunikacji
PTG, 22(1), 22-30.

Goliszek S., 2021, GIS tools and programming languages
for creating models of public and private transport
potential accessibility in Szczecin, Poland, Journal of
Geographical Systems, 23, 115-137.

Goliszek S., 2022a, Znaczenie komponentéw dostepnosci
transportowej w Szczecinie w latach 2009-2018, Prace
Geograficzne, 277 [in print].

GoliszekS.,2022b, The potential accessibility to workplaces
and working-age population by means of public and
private car transport in Szczecin, Miscellanea Geo-
graphica, 26(1), 31-41.

Goliszek S., Potom M., 2016, The use of general transit feed
specification (GTFS) application to identify deviations
in the operation of public transport at morning peak



40

hours on the example of Szczecin, Europa XXI, 31, 51-60.

Goliszek S., Potom M., Duma P., 2020, Potential and cumu-
lative accessibility of workplaces by public transport
in Szczecin, Bulletin of Geography. Socio-economic
Series, 50, 133-146.

Gutierrez J., 2001, Location, economic potential and daily
accessibility impact of the high speed line Madrid-Bar-
celona-French border, Journal of Transport Geography,
9,229-242.

Hansen W.G., 1959, How Accessibility Shapes Land-use,
Journal of the American Institute of Planners, 25, 73-76.

Ingram D.R. 1971, The Concept of Accessibility: a Search
for an Operational Form, Regional Studies, 5, 101-107.

Isard W. 1954, Location Theory and Trade Theory: Short-Run
Analysis. Quarterly Journal of Economics, 68, (1), 305-322.

Karner A., 2018, Assessing public transit service equity us-
ing route-level accessibility measures and public data,
Journal of Transport Geography, 67, 24-32.

Kuéerova S.R., Blaha J.D., Ku¢era Z., 2015, Transformations
of spatial relationships in elementary education: A case
study of changes in two Czech rural areas since the
second half of the 20 th century, Moravian Geographical
Reports, 23(1), 34-44.

Lin J.J., Huang J.Ch., Ho, Ch.L., 2014, School accessibility
and academic achievement in a rural area of Taiwan,
Children’s Geographies, 12(2), 232-248.

Loo B.PY., Lam W.W.. 2015, Does neighbourhood count
in affecting children’s journeys to schools?. Children’s
Geographies, 13(1), 89-113.

MacKenzie C.A., Moffatt S.P., Ogwang J., Ahabyona P.,
Sengupta, R.R. 2017, Spatial and temporal patterns in
primary school enrolment and exam achievement in
Rural Uganda, Children’s Geographies, 15(3), 334-348.

Mercurio R., 2008, Improving operation, marketing and
customer service with Google maps, Stockholm: Malaya
business insight.

Merlin L.S. 2020, A new method using medians to calibrate
single-parameter spatial interaction models. The Journal
of Transport and Land Use, 13(1), 49-70.

Miller H.J., 1991, Modelling accessibility using space-time
prism concepts within geographical information sys-
tems, International Journal of Geographical Systems,
5(3), 287-301.

Niedzielski M.A., Boschmann E.E. 2014, Travel time and
distance as relative accessibility in the journey to work,
Annals of the Association of American Geographers,
104(6), 1156-1182.

Niedzielski M.A., Kucharski R. 2019, Impact of commuting,
time budgets, and activity durations on modal disparity
in accessibility to supermarkets, Transportation Research
Part D - Transport and Environment, 75, 106-120.

Niedzielski M.A., 2021, Grocery store accessibility: Different
metrics — Different modal disparity results and spatial
patterns, Journal of Transport Geography, 9611.

Stawomir Goliszek, Julia Wéjcik, Patryk Duma

O’Kelly M.E., Lee W. 2005, Disaggregate journey-to-work
data: implications for excess commuting and jobs-
housing balance, Environment and Planning A, 37(12),
2233-2252.

O’Kelly M.E., Niedzielski M.A. 2009, Are long commute
distances inefficient and disorderly?, Environment &
Planning A: Economy and Space, 41(11), 2741-2759.

Parnell R., Patsarika M., 2011, Young people’s participation
in school design: exploring diversity and power in a UK
governmental policy case-study, Children’s Geographies,
9(3-4), 457-475.

Rosik P, Goliszek S., Komornicki T., Duma P., 2021a, Forecast
of the impact of electric car battery performance and
infrastructural and demographic changes on cumula-
tive accessibility for the five most populous cities in
Poland, Energies, 14, 2412.

Rosik P., Pomianowski W., Komornicki T., Goliszek S., Szej-
giec-Kolenda B., Duma P,, 2020, Regional dispersion of
potential accessibility quotient at the intra-European
and intranational level. Core-periphery pattern, discon-
tinuity belts and distance decay tornado effect, Journal
of Transport Geography, 8215.

Rosik P., Putawska-Obiedowska S., Goliszek S., 2021b, Pub-
lic transport accessibility to upper secondary schools
measured by the potential quotient: The case of Krakow,
Moravian Geographical Reports, 29(1), 15-26.

Salonen M., Toivonen T., 2013, Modelling travel time in
urban networks: comparable measures for private car
and public transport, Journal of Transport Geography,
31, 143-153.

Schwartz B., 2010, How does Google’s predictive traffic
maps work?.

Shen Q., 1998, Location characteristics of inner-city neigh-
borhoods and employment accessibility of low- wage
workers. Environment and Planning B: Urban Analytics
and City Science, 25(3), 345-365.

Stephens L., Spalding K., Aslam H., Scott H., Ruddick S.,
Young, N.L., McKeever P,, 2017, Inaccessible childhoods:
evaluating accessibility in homes, schools and neigh-
bourhoods with disabled children, Children’s Geogra-
phies, 15(5), 583-599.

Stepniak M., Goliszek S., 2017, Spatio-temporal variation of
accessibility by public transport — the equity perspective.
I.lvan, A.Singleton, J. Horak, T. Inspektor (red.), The rise
of big spatial data, Lecture Notes in Geoinformation and
Cartography (241-261). Springer International Publishing.

Stepniak M., Pritchard J., Geurs K., Goliszek S., 2019, The
impact of temporal resolution on public transport
accessibility measurement: Review and case study in
Poland, Journal of Transport Geography, 75(2), 8-24.

Talen E., 1996, After the plans: Methods to evaluate the
implementation success of plans, Journal of Planning
Education and Research, 16(2), 79-91.



Accessibility to various destinations by public and private transport in Szczecin

TalenE.L., Anselin L., 1998, Assessing spatial equity: an evalu-
ation of measures of accessibility to public playgrounds,
Environment & Planning A, 30, 595-613.

Thompson C.A., Saxberg K., Lega J., Tong D., Brown H.E.
2019, A cumulative gravity model for inter-urban spa-
tial interaction at different scales, Journal of Transport
Geography, 79, 102461.

Vickerman R.W., 1974, A demand model for leisure travel,
Environment and Planning A, 6, 65-77.

Wang F,, Xu Y., 2011, Estimating O-D matrix of travel time
by Google Maps API: Implementation, advantages and
implications, Annals of GIS, 17, 199-209.

ZDiTM Szczecin Zarzad Drdég i Transportu Miejskiego
w Szczecinie (Roads and Public Transport Authority in
Szczecin): https://www.zditm.szczecin.pl/pl (accessed:
20th November 2018).

Zelinsky T., Kubak M., 2014, Distance to Education and Health
Services by Pupils from Marginalized Roma Communi-
ties, Central European Conference in Regional Science
CERS, 1180-1187.

© 2022 Stawomir Goliszek, Julia Wojcik, Patryk Duma -
Open Access Article Covered by Licensed: Attribution
4.0 International (CC BY 4.0)



