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Abstract. The article presents the accessibility of workplaces in Szczecin using the Article details:
method of potential and cumulative accessibility for commuting by public trans- Received: 23 March 2020
port. The public transport commuting times used in the study were generated us- Revised: 15 September 2020

ing the public transport model, which was developed based on data in the General Accepted: 21 October 2020

Transit Feed Specification (GTFS) format. The results of potential accessibility by
public transport were calculated for several selected time thresholds in the morn-
ing rush hours between 7 a.m. and 9 a.m.. On the other hand, cumulative accessi-
bility is characterised by variability of travel times for 8 a.m., which is calculated
in 10- to 60-minute intervals of travel time. The aim of this study is to identify
workplaces in Szczecin that are situated in areas where accessibility is more de-
pendent on the parameters of the public-transport timetable. In addition, a pos-
sibility to define the optimal journey length was assumed so that it would regard
the largest number of jobs. The use of the two indicated research methods for the
accessibility of workplaces in Szczecin provides a result in the form of better- and
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less-accessible areas of the city as regards the labour market. The results regarding public transport,
the accessibility of workplaces using the two methods identify places of increased GTFS,
demand for commuting by public transport during the morning rush hours. Szczecin
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1. Introduction

Potential and cumulative accessibility are important
issues in transport and socio-economic research.
As regards research on accessibility of workplaces,
these measures have been used in many scientif-
ic studies (Hansen, 1959; Harris, 1954; Vickerman,
1974; Geurs, Ritsema Van Eck, 2001; Geurs, Van
Wee, 2004). Both potential and cumulative accessi-
bility concentrate on people and are directly relat-
ed to their functioning during the day. Commuting
plays an important role in society, especially for
people of working age. Commuting is the most
common motivation for human travel during the
day (Merchant, Nemhauser, 1978). The growing in-
terest among researchers dealing with the topic of
the location of enterprises and commuting enables
more thorough research into spatial home-work re-
lationships (O’Kelly, Lee, 2005; O’Kelly, Niedziels-
ki, 2008; Yongling, Guonan, 2009; Boussauw et al.,
2011; O’Kelly et al., 2012; Niedzielski, Boschmann,
2014; Owen, Levinson, 2015; Wang, Chen, 2015;
Goliszek, 2017; Trembosova et al., 2020). Initially,
research into the accessibility of workplaces main-
ly focused on individual transport. Only for a few
years, thanks to the unified format of data of the
General Transit Feed Specification (GTES), has it
been possible to compare the functioning of public
transport in various urban centres around the world
(Hadas, 2013; Karner, 2018). Data in GTFS format
is made available by an increasing number of public
transport administrators in cities and regions, and
even entire countries (Delling et al., 2014; Farber et
al., 2014; Goliszek, Potom, 2016; Wessel, Widener,
2016; Wessel et al., 2017; Widener et al., 2017). The
use of GTES data enables research to be conducted

without spatial restrictions and the need to study
on site, and the uniform data format allows com-
parisons between public transport in different urban
centres (Poelman, Dijkstra, 2015). So far, research-
ers have used this format to study access to shops
(Widener et al., 2017), shopping centres (Farber et
al., 2014), medical services (Neutens, 2015), cul-
ture and education (Allen, 2019; Martinez Jiménez,
Salinas-Pérez, 2019), pointing to large spatial in-
equalities in access to means of public transport
(El-Geneidy et al., 2016). Other authors have point-
ed out some limitations of this format, such as the
use in the research of selected travel time slots that
are somewhat extended in time, which may yield an
incomplete picture and an erroneous result (Farber
et al., 2016; Wessel, Widener, 2016; Wessel et al.,
2017; Stepniak et al., 2019). Modern GIS (geograph-
ic information system) techniques and tools allow
examination of the accessibility of public transport
throughout the whole day, so that one can define
the time of day and the exact hour and thus obtain
results regarding when the potential and cumulative
accessibility is the best. The authors have previous-
ly attempted to use GIS tools and GTFS data to il-
lustrate various spatial problems (Goliszek, Potom,
2016; Goliszek, 2017; Stepniak, Goliszek, 2017; Gol-
iszek, 2019; Stepniak et al., 2019; Goliszek, 2021).
In the case of public transport in a large city, de-
fining the exact time of the study is less import-
ant, which is associated with the high frequency of
operation of public transport (buses, trams, trol-
leybuses or underground). For such analyses, it is
worth keeping the rule of time thresholds or us-
ing a randomly chosen departure time (Fransen et
al., 2015; Stepniak, Goliszek, 2017; Stepniak et al.,
2019). An additional advantage of using the GTFS
data is the possibility to define accurately the differ-
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ences in the functioning of public transport, such
as when they are the smallest (Beria et al., 2017;
El-Geneidy, Levinson, 2007; Salonen, Toivonen,
2013). When using the GTFS data, it should be not-
ed that the public transport model based on GTFS
data does not contain traffic information or delays
in the operation of public transport. Based on the
GTES data, traffic delays are only slightly encoded
in the time of transit between stops (Lei, Thakuri-
ah, 2012; Ting, Church, 2010).

2. Scientific background

In this study, two research objectives were formu-
lated: examining the accessibility of workplaces in
Szczecin and applying GIS tools and the GTFS data
format in a large urban centre. For these purposes,
Szczecin has been chosen. It was the first centre in
Poland to start providing communication data in
the GTFS format. It is a city located in the north-
west of Poland, in 2018 inhabited by 374,000 per-
sons according to the data of the City Council in
Szczecin. The number of people of working age,
i.e. women aged 18-60 and men aged 18-65, was
218,000. The public transport network, location of
workplaces, number of jobs per census areas and
population density of working-age persons are pre-
sented in Fig. 1.

2.1. Case study and methods

Research on potential accessibility of workplaces
by public transport was carried out in 15-minute
intervals between 7 a.m. and 9 a.m. However, the
diversity of cumulative accessibility illustrates cor-
relations resulting from the duration of the journey,
and this study was conducted for 8 a.m. in several
time intervals of between 10 and 60 minutes.

The basic road network that was used in analy-
sis as the pedestrian network is based on BDOT10k
data (http://www.codgik.gov.pl/). Data from the RE-
GON [the National Economy Register] was used to
locate workplaces. This register lists all companies
hiring employees in five ranges of employee num-
bers: 0-9, 10-49, 50-249, 250-999 and over 1,000.
For companies employing more than 1,000 people,

information about the exact number of employees
was verified by contacting these companies. Ac-
cording to the REGON database, the number of
enterprises in Szczecin in 2018 amounted to ap-
proximately 68,000. The upper right map in Fig. 1
shows the exact location of each company from the
REGON database. For better orientation in the ur-
ban space, district boundaries have been added to
the maps.

2.2. Method of potential accessibility

The method of potential accessibility is based on
a unitary measure of the potential-gravity. Harris
(1954) and Hansen (1959) were the first to use the
method of potential accessibility. The potential ac-
cessibility indicator was used by Vickermann et al.
(1999) to characterise the results of transport in-
vestments. This indicator can be used to define
the accessibility level of place A, for travel by pub-
lic transport between a pair of census areas. Cen-
sus areas in the formula of potential accessibility are
represented by i and j= and are reduced by the pa-
rameter of the function of space resistance f( n.].) for
the time of travel between two points. The attrac-
tiveness of the destination is expressed by workplac-
es (WoP). The term “potential of workplaces” has
been used by O’Kelly and Lee (2005), O’Kelly and
Niedzielski (2008) as well as Niedzielski and Bo-
schman (2014). The formula developed for the po-
tential accessibility of workplaces is:

(WoP)i =2 WP; fluij)

The results of potential accessibility on a region-
al scale were first used by Coffey (1978). The result
values of potential accessibility in a city largely de-
pend on the function of space resistance used in
the study. In the medium-sized city of Szczecin,
the function of space resistance takes into account
shorter trips (intervals). The most commonly used
type of the function of space resistance in studies
of potential accessibility is the exponential function:
(Beria et al., 2017; Ben-Akiva, Lerman, 1979; Rosik
et al., 2020) f (tl,j)zexp(,B “.j[? “.j), where parameter 3
differentiates the extent to which the attractiveness
of a destination decreases. In this article, to deter-
mine the time for the function of space resistance,
Authors obtained data from “Comprehensive Traf-
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Fig. 1. Public transport network, location of companies, number of workplaces in a census area and the density of popu-

lation of working age

Source: Authors” own elaboration based on the REGON database of companies in Szczecin and GTFS in Szczecin

fic Study 2016”. In the study, the average time of
commuting to work in Szczecin by public transport
was approximately 30 min. The adopted value of pa-
rameter § 30 minutes for the function of space re-
sistance is: -0.023105. When calculating potential
accessibility, such a parameter is sufficient to capture
differences between census areas (Fig. 2). The use
of shorter travel times would mean that the func-
tion of space resistance would collapse more sharp-

ly, which would result in areas with higher density
of workplaces being marked on the map. With the
function of resistance collapsing more sharply, the
shortening of travel time by public transport loses
significance, as it plays an important role only after
reaching the stop.
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2.3. Method of cumulative accessibility

Cumulative accessibility is a measure of the possi-
bilities available at point a to places available within
the set travel time or distance. Cumulative accessi-
bility is defined as:

A;= E;:=1 Bjoj

Cumulative accessibility A means the accessibili-
ty measured in point i to potential activities in zone
J» O, with the potential for interaction to j and B,
and takes a binary value of 1. If zone j is within a
predefined time or space threshold, the value of all
places accessible within a given time or distance is
recorded. If the time value is too high and does not
fall within the specified time threshold, value Ai=0
(Fig. 2).

Cumulative accessibility is often used in the lit-
erature as a simple, direct way to evaluate equality
in access, e.g. to public goods, or changes in ac-
cessibility caused by transport infrastructure (Talen,
Anselin, 1998; Gutierrez, 2001; Talen, 1996). This
accessibility is a simple indication of whether a giv-
en place is accessible or not (Miller, 2005).

In a given place, different people may have differ-
ent levels of accessibility, subject to certain restric-
tions, which may be caused by external and internal
factors. This is manifested, for example, in the case
of highly specialised places that may have a good lo-
cation, but e.g. poor accessibility from the point of
view of educated executive staff who choose to live
outside the centre of the location of such services.
Usually, there is an uneven spatial distribution of
demand and supply of various places, and then the
effect of competition becomes apparent (Geurs, Rit-
sema Van Eck, 2003; Shen, 1998).

Negative
Exponential
0.5

[ I I I 1 I |

0 30 60 90 120 150 180 minut

3. Results

3.1. Potential accessibility of workplaces and
deviations in morning rush hours

The maps of the potential accessibility of workplac-
es in Szczecin obtained in the study illustrate areas
where there are more workplaces. In the diversity
of accessibility of workplaces by public transport
during the morning rush hours (between 7 a.m.
and 9 a.m.), one can see that the best accessibility
of workplaces is in the Srodmiescie district. The dis-
trict is divided into a residential and a harbour part.
High potential accessibility of workplaces also exists
in the southern part of the Zachéd district, close to
the border with the Srédmiescie district. High ac-
cessibility values were also obtained in Srédmies-
cie in the harbour area located close to the road
connecting Prawobrzeze with the city centre. High
values of potential accessibility of workplaces also
apply to Prawobrzeze. At 8 a.m., quite high values
appear along the road towards the town of Police.
Large values of the accessibility indicator are also
visible in the southern part of the Pdétnoc district.
Most places with high accessibility are located near
the tram network. Trams are perceived as one of
the best, most reliable and delay-resistant means of
transport in the city. In places where trams oper-
ate, deviations in the accessibility of workplaces are
lowest. On the other hand, potential accessibility of
workplaces is lower in the northern part of the city,
in the Ponoc district and in the east, in the Prawo-
brzeze district. The greatest diversity of accessibili-
ty to workplaces is in the Prawobrzeze district, and
slightly better accessibility than in Prawobrzeze oc-
curs in the northern part of the Péinoc district. The

Cumulative

0 10 60 minut

Fig. 2. Function of space resistance: potential and cumulative accessibility
Source: Authors’ own elaboration based on Beria et al., 2017; Talen, Anselin, 1998
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diversity of potential accessibility to workplaces in
30-minute intervals is presented in Fig. 3.

The highest values of deviations in potential ac-
cessibility of workplaces in Szczecin, reaching over
30% between 7 a.m. and 9 a.m., are in the east-
ern part of the Prawobrzeze district, in the southern
part of the Srédmieécie district and in the north-
ern part of the Poinoc district, with the largest area
with the highest deviation values being in the Pra-
wobrzeze district. The smallest deviations in po-
tential accessibility of workplaces concern the city
centre in Srédmiescie district and in the southern
part of Zachdd district. In most areas where there
are low deviations in potential accessibility, there is
a tram network. In places where trams operate, the
high frequency of this means of public transport
leads to smaller time deviations, owing to which
the values of potential accessibility do not fluctuate
too much (Fig. 4).

The number of people of working age who live
in Szczecin is, to varying degrees, exposed to a per-
centage change in the value of the indicator of po-
tential accessibility of workplaces depending on trip
time between 7 a.m. and 9 a.m. The analysis shows
that over 100,000 people live in areas with devia-
tions of between 2 and 8% of the value of the indi-
cator of potential accessibility. These areas are better
connected by public transport (Fig. 5).

3.2. Cumulative accessibility of workplaces

Results of cumulative accessibility have been pre-
sented using the percentage of accessibility of all
workplaces in ten-minute intervals (10 to 60 min-
utes of travel time). These maps illustrate how
much time is needed to reach all workplaces in Szc-
zecin, including places with limited access by pub-
lic transport. Analysis of cumulative accessibility
was conducted for travel times at 8 a.m. The ob-
tained results show that for almost the entire city
area a selected workplace can be reached during the
morning peak. The greatest number of workplac-
es that can be reached within 10 minutes are to be
found around the city centre in district Srédmiescie.
There is a lack of accessibility to workplaces with-
in 10 minutes in the northern part of the Zach-
6d district, the eastern part of the Pélnoc district,
the eastern part of the Prawobrzeze district and

the southern part of the Srodmiescie district. Ac-
cess to workplaces within 20 minutes is best in the
Srodmiescie district, being applicable to as many
as 40% of all jobs. Within 30 minutes, i.e. for the
value of time used in calculating potential accessi-
bility, one can reach workplaces near the city cen-
tre. Good cumulative accessibility also exists in the
southern part of the Zachdd district. One can reach
almost 40% of workplaces there within 30 minutes.
Relatively good cumulative accessibility exists along
the route from district Prawobrzeze towards the city
centre and in the central part of Prawobrzeze. Al-
most all available workplaces can be reached in the
city centre within 40 minutes. In 40 minutes, one
can get by public transport to most workplaces in
Szczecin, excluding the northern part of the Péinoc
district and the eastern and south-western area of
the Prawobrzeze district. Good cumulative accessi-
bility at the level of 50% applies to almost the en-
tire Zachod district, the southern part of the Pétnoc
district and the central part of the Prawobrzeze dis-
trict. In one hour, most workplaces can be reached
from the central part of the Srédmiescie district, the
central part of the Prawobrzeze district, the eastern
part of the Zachdd district and the southern part
of the Polnoc district. The worst accessible within
this time are the northern parts of the Pélnoc dis-
trict and the eastern parts of the Prawobrzeze dis-
trict. The range of cumulative accessibility from 10
to 60 min is illustrated in Fig. 6.

The percentage of workplaces that are accessible
by public transport was analysed with thresholds of
10, 20, 30, 40, 50 and 60 minutes. During a trip of
up to 10 minutes, 3 to 5% of workplaces are accessi-
ble. At the same time, it should be noted that within
this time threshold most commuting is pedestri-
an. Meanwhile, for a 20-minute public transport
(PuT) ride, the median accessibility of workplaces
is not much more than 10%, meaning that the me-
dian for all inhabitants of Szczecin is that approx-
imately 10% of workplaces can be reached within
20 minutes. Values ranging from the median to the
third quartile reach over 20% of workplaces, mean-
ing that every third person can reach 20% of work-
places in 20 minutes. For a 30-minute journey, the
median accessibility of workplaces accounts for over
40% of workplaces, with the third quartile of re-
sults of time accessibility of workplaces accounting
for almost 60% of all jobs. The total spread of the
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Fig. 3. Potential accessibility of workplaces during the morning rush hour
Source: Authors’ own elaboration
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Fig. 4. Deviation in potential accessibility of workplaces between 7 a.m. and 9 a.m.
Source: Authors own elaboration
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Fig. 5. Population living in areas of deviations in potential accessibility
Source: Authors’ own elaboration
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Fig. 6. Cumulative accessibility of workplaces depending on the time of commuting by public transport
Source: Authors’ own elaboration
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percentage accessibility of workplaces between the
first and the third quartiles accounts for 46% of all
jobs. With commuting up to 40 minutes, the me-
dian of time accessibility of workplaces is approxi-
mately 70%. Thirty-seven percent of all workplaces
are between the first and the third quartiles. When
commuting by public transport for 50 minutes, the
median of workplaces is at around 87%. The differ-
ence between the first and the third quartiles is 16%,

100
90
80
70

60

50

40

30

20

10

0

10 minutes PuT 20 minutes PuT 30 minutes PuT

and the range of these values is between 80 and 90%
of all workplaces. With commuting time by pub-
lic transport of 1 hour, the median of workplaces is
95% of workplaces, and the difference between the
first and the third quartiles ranges between 91 and
97% of all workplaces in Szczecin (Fig. 7).

A0 minutes PuT 50 minutes PuT 60 minutes PuT

Fig. 7. Deviations in cumulative accessibility of workplaces depending on the time of commuting by public transport

Source: Authors own elaboration

4. Conclusion

Potential and cumulative accessibility by public
transport reflects better and less accessible places
by public transport during rush hours. The results
of potential accessibility of workplaces are main-
ly influenced by the commuting time (Niedzielski,
Boschmann, 2014). The article showed that trips
of 30-40 minutes by public transport allow most
workplaces to be reached in a medium-sized city.
In cities such as Szczecin, residents are inclined to
commute at shorter distances, and there is less de-
mand for long trips (Toole et al., 2015). Short and

medium-length work-home commuting creates the
largest traffic flows during the day. Comparing the
achieved results with the work by Goliszek (2017),
where a time analysis was conducted taking into
account one-minute departure times for a database
of companies employing over ten employees (ap-
prox. 2,500 enterprises), about 22,000 persons travel
from Prawobrzeze every day towards the city centre.
Large traffic flows from Prawobrzeze to Lewobrzeze
give a signal that the fast tram network in Szczecin
should be further developed in Prawobrzeze. Cur-
rently, the fast tram in Szczecin has a terminus at
Osiedle Zdroje next to the large housing estates of
Stoneczne, Majowe and Bukowe Klgskowo. High
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traffic values on the section from Prawobrzeze to
the centre are also visible in the study “Comprehen-
sive Traffic Study 2016 in Szczecin”. From an analysis
of the changes in potential accessibility of workplac-
es during the morning rush hours, it can be con-
cluded that the smallest fluctuations occur near the
tram network. This type of spatial relationships cre-
ates congestion on roads in most cities and slows
down the traffic by road (Allen and Farber, 2019;
Loo and Chow, 2011; Kim, 1995). In the case of
traveling by tram, which is mostly separated from
the road network, this impact is insignificant. Only
in places where the track runs in the carriageway
and the tram shares the lane with cars does the
slowdown of traffic have a negative effect on the
tram as well. In most cases, infrastructural invest-
ment improves accessibility by public transport. The
improvement in commuting may also be affected
by a change in employees’ lifestyles and companies’
business hours, so that the traffic on roads is dis-
tributed outside rush hours (Yongling and Guonan,
2009).

The use of the two methods in this paper, po-
tential accessibility and cumulative accessibility,
indicates the time threshold beyond which spa-
tial development begins to play a secondary role
(Geurs, Ritsema Van Eck, 2001). The study proved
that the commuting time of 60 minutes by public
transport in Szczecin means no major barriers to
reaching most workplaces. On the other hand, com-
muting by public transport for less than 30 minutes
indicates significant limitations in cumulative acces-
sibility of workplaces in areas located outside the
central part of the Srédmiescie district. The worst
accessible workplaces in the study of cumulative ac-
cessibility are characterised by the lack of a bus or
tram stop. The lack of a public transport stop gen-
erates a large waste of time, meaning fewer work-
places can be reached.
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