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Abstract: The article presents issues related to public transport time accessibility to some selected services, including indoor
swimming pools, cinemas, hospitals and shopping centres. In order to measure the above-mentioned accessibility the short
distance method was used in the following time periods: 7:00-9:00 am for the hospitals; 5:00-7:00 pm for the shopping centres;
6:00-8:00 pm for the cinemas and 6:00-8:00 pm for the swimming pools. For each time period the measures were taken every
15 minutes. The main purpose of the article is to determine temporal accessibility for various purposes, the number of people
living at a certain time distance and the diversity of accessibility by public transport. The public transport accessibility to the
selected services indicates areas where the accessibility is limited. Time deviations in the operation of the public transport were
calculated for all the selected time periods. The results of both measurements and calculations are presented in graphic form.
Moreover, the graph includes the number of Szczecin citizens living in different time accessibility areas and in places with the
highest time deviations.
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1. Introduction

The issues of time accessibility and travel times have
been studied by scholars for many years. At the begin-
ning some basic spatial relations in daily commuting
were analysed. It is believed that the first time acces-
sibility map was created by F. Galton (1881). A more
sophisticated method of research was proposed by
W. Isard (1954) and W. G. Hansen (1959) - it was the
potential transport accessibility method. With time,
some Polish researchers have also become interested
in the time accessibility issue. The potential acces-
sibility allows to analyse spatial relations based on
the gravity method what means that each and every
travel destination exerts greater or lesser impact on
other travel sources (Chojnicki, 1966; Ingram, 1971).
Since the time when the potential method was intro-
duced, methods of researching transport accessibility
have evolved, yet still the simplest ones, time and
cumulative accessibility, are the most frequently used
research methods (Kubijowicz, 1923; Vasiliev, 1997).
For the last several dozen years more and more
researchers have been into public transport accessi-
bility (Podolski, 1977). The researchers pay attention
to the fact that the number of public services is still
growing, yet the number of passengers is not. It is
a significant problem as using private cars in every-
day commuting results in high traffic congestion in
cities. What is more, during the last few years there
have been several publications addressing the issue
of public transport, including ones on improving its
operation by developing the infrastructure (Goliszek,
20143; Goliszek, 2014b; Goliszek, Potom, 2016a; Gol-
iszek, Rogalski, 2014). In Poland numerous infrastruc-
tural projects have been implemented thanks to the
EU funds (Bul, Resinski, 2014; Kotos, 2007; Zalewska,
2016). Also in works on public transport, attention
is paid to access to public transport, which plays an
important role in the lives of residents of large and
medium-sized cities (Korczynski, 2019). Most often
those projects were limited to purchasing new rolling
stock or, in few cases, to modernising or construct-
ing new tram or underground lines (Beister et al.,
2015; Gadzinski, Radzimski, 2015; Goliszek, Potom,
2016¢; Kotos, Taczanowski, 2016a; Kotos, Taczanow-
ski, 2016b), what can be served by the integration of
bus and railway stations in the city (Jurkowski, 2018).
Before the decision to build or modernize public
transport, traffic tests are carried out, during which
the flow of peoplein different directions and at differ-
ent times of the day is checked using different types
of transport (Gadzinski, 2018; Radzimski, Gadzinski,
2019). When evaluating projects of public transport
development, the GTFS data format (General Transit
Feed Specification; Delmelle, Casas, 2012) is substan-

tially helpful and thanks to this format some new pub-
lications on public transport accessibility to different
destinations have emerged lately. The researchers
used the GTFS data to measure time travels to shops
(Widener et al., 2017), shopping centres (Farber et al.,
2014), medical centres (Neutens, 2015), cultural and
education facilities (Allen, 2019; Martinez-Jiménez,
Salinas-Pérez, 2019) as well as to analyse commuting
times (Goliszek, 2017a). The analysis based on the
GTFS data may be very detailed as travel times may
be determined with an accuracy of one minute. How-
ever, this format also has some disadvantages and
limitations that have to be taken under considera-
tion — some researchers point out large inequalities
in access to means of public transport (EI-Geneidy
et al,, 2015; El-Geneidy et al., 2016). The GTFS data
do not reflect real-time travel periods, only the ones
indicated by timetables which do not include delays
resulting from traffic congestion (Allen, 2019; Allen,
Farber, 2019; Wessel et al., 2017; Wessel, Widener,
2016). Yet, a public transport model based on the
GTFS data allows to compare data for many different
cities publishing their public transport timetables in
this format (Poelman, Dijkstra, 2015).

Transport accessibility is shaped by the so-called
transport components (Geurs, Ritsema van Eck, 2001;
Geurs, van Wee, 2004). They are as follows: transport,
spatial, time and individual (Goliszek, 2018). In this ar-
ticle, the author focuses on time accessibility, spatial
component: location of travel sources and destina-
tions, time component: departure times, transport
component: collective transport.

2, Case study and data

Szczecin is the capital of Zachodniopomorskie (West
Pomeranian) Voivodeship situated in the north-west-
ern part of Poland. It has a population of approxi-
mately 400 thousand. Data on the city population
was published by the City Hall. The population data
has been gathered for 1869 census areas and it was
possible to assess accurately how many people actu-
ally live in areas for which public transport accessibil-
ity was calculated. Both the GIS technology and GTFS
data have allowed to carry on detailed transport stud-
ies (Burdziej, 2016). The GTFS format has already been
used by the author and other scholars to conduct
comparative research on public transport systems in
different European cities (Goch et al., 2018; Goliszek,
2017a; Goliszek, Potom, 2016b; Poelman, Dijkstra,
2015; Stepniak, Goliszek, 2017; Stepniak et al., 2019).
The GTFS data published by the company managing
urban transport in Szczecin allows to create models
based on the timetables and road network (on the
basis of Open Street Map).
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The public transport network in Szczecin is pre-
sented in figure 1 (on the right). On the left-hand
side of figure 1 there are locations of the selected
facilities: indoor swimming pools, shopping cen-
tres, cinemas and hospitals. For easier orientation
on the maps of urban space, the boundaries of
districts have been added: Zachod, Prawobrzeze,
Pétnoc, Srédmiescie and estates: Arkonskie-
Niemierzyn, Bukowe-Kleskowo, Bukowo, Centrum,
Dabie, Drzetowo-Grabowo, Gtebokie-Pilchowo,
Golecino-Goctaw, Gumience, Kijewo, Krzekowo-
Bezrzecze, tekno, Majowe, Miedzyodrze-Wyspa
Pucka, Niebuszewo, Niebuszewo-Bolinko, Nowe Mi-
asto, Osow, Ptonia-Smierdnica-Jezierzyce, Podjuchy,
Pogodno, Pomorzany, Skolwin, Stoneczne, Stare
Miasto, Stotczyn, Srédmiescie-Pétnoc, Srodmiescie-
Zachod, Swierczewo, Turzyn, Warszewo, Wielgowo-
Stawociesze-Zdunowo, Zatom-Kasztanowe, Zawadz-
kiego-Klonowica, Zdroje, Zelechowa, Zydowce-Klucz
(Fig. 1).
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service (Allen, 2018). The analysis of travel times con-
cerned 15-minutes periods at different times of the
day, depending on the service type. For the hospitals
it was between 7:00 and 9:00 am; for the shopping
centres — 5:00-7:00 pm; for the cinemas and swim-
ming pools it was between 6:00 and 8:00 pm. The
average travel time deviation was calculated on the
basis on data regarding the shortest and the longest
travel time to a particular service facility. The number
of people in a certain age group was added to the
fastest travel times. Similar calculations were done
for the areas where some time deviations had been
identified. The age groups were as follows: for the
hospitals - all citizens; for the indoor swimming pools
- 7-65 years; for the shopping centres — 15+; for the
cinemas — 16-65 years. All the results were accumu-
lated to 100% and divided into time periods. The time
accessibility periods (0-60 minutes) were delimited
with an accuracy of 5 minutes. The last period com-
prise areas where the time accessibility to a particular

distribution of
services 2018

hospital
cinema
swimming pool

center
trade

district
—— estate

o H » @

public transport
network 2018

Fig. 1. Location of services and the boundaries of districts and housing estates (left side) and public transport network

(right side).

Source: own elaboration.

3. Research methodology

The research methodology applied to assess acces-
sibility to the selected services in Szczecin is based on
the idea of time accessibility to a given place, a meth-
od of the so-called shortest distance to a selected

service facility exceeds 60 minutes. The time devia-
tions (from 0 to 14 minutes) for the selected times of
the day were delimited with an accuracy of 2 minutes
along with the number of citizens living in the areas
where the deviation is higher than 14 minutes.
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4. Time accessibility to the selected services

The map depicting time accessibility to the indoor
swimming pools in Szczecin indicates areas with
better or worse accessibility by the means of public
transport. The areas in the northern part of Péinoc
district of Szczecin have the worst time accessibility
to the indoor swimming pools. In the southern part of
Zachéd district the accessibility to the indoor swim-
ming pools can be assessed as good, in the northern
part of this district the situation is a bit worse. In the
central part of Prawobrzeze district the accessibil-
ity to the indoor swimming pools is also satisfactory
while the peripheral parts of the same district have
significantly lower time accessibility to such sport
facilities. Densely populated Srédmiescie, located in

the city centre, is a district with the highest time ac-
cessibility to the indoor swimming pools. Slightly
lower accessibility was identified in the industrial part
of this district, it is also less densely populated.

Time accessibility to the cinemas in Szczecin varies
significantly when analysing particular districts of the
city. Only in two of them - Srédmiescie, where most
of the cinemas are located, and Pétnoc the accessibil-
ity can be assessed as good. Zachdéd district can be
divided into its northern part with low accessibility
and southern one having slightly better time acces-
sibility to the cinemas. In Prawobrzeze time accessi-
bility to the cinemas is similar to the swimming pools
accessibility — better in the central part of the district
and worse in the peripheral areas (Fig. 2).

Time accessibility [min]
<5 10 15 20 25 30 35 40 45 50 55 60<

Time accessibility by public transport to services

cinema 19:00

Fig. 2. Time accessibility to selected services in Szczecin.

Source: own elaboration.
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Time accessibility to the shopping centres is more
spatially diverse than the accessibility to other se-
lected service facilities. In Prawobrzeze the best ac-
cessibility is in the district centre and it drops towards
the peripheral areas. The southern part of Zachéd
district has better time accessibility to the shopping
centres than its northern part. The central part of
the district has currently good accessibility, yet it is
decreasing fast what is a result of linear course of the
public transport system towards the city centre. The
central part of Srédmiescie district has the best time
accessibility to the shopping centres, the accessibility
is slightly lower in the industrial part. It is illustrated
in figure 2.

Pétnoc district has the worst time accessibility
to the hospitals. In Zachéd district the accessibility
can be assessed as relatively good. When it comes
to Prawobrzeze, the central and eastern parts have
good time accessibility while in the peripheral areas
travel times to the hospital are longer. The best time
accessibility to the hospitals is in Srodmiescie, in its
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access to the hospitals and swimming pools. Those
are places which we usually visit less often. The small-
est percentage of Szczecin citizens is present in the
time accessibility to the cinemas. Both cinemas and
indoor swimming pools are places which people visit
less often and their location is not that important in
the context of every-day life. The most important
observation made on the basis of this graph is the
fact that approximately 90% of people has a chance
to get to a selected service facility within 30 minutes
using the means of public transport (Fig. 3.).

5. Time deviations

The highest time deviations in public transport ac-
cessibility to the indoor swimming pools between
6:00 and 8:00 pm are observed in the northern part
of Pétnoc district. Similar significant deviations, yet
concerning a much larger area, have been record-
ed for the eastern and the south-western parts of
Prawobrzeze. In Zachéd district time deviations have

DEVIATIONS IN THE OPERATION OF PUT TO SELECTED SERVICES
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Fig. 3. Sum of population in the selected age and travel time to selected servants.

Source: own elaboration.

residential part. In the industrial part, located near
the allotments, the accessibility is lower.

The shopping centres are facilities with the best
public transport time accessibility as they are usu-
ally located in densely populated areas. Thus, in such
locations operation of the urban public transport sys-
tem is profitable. It is worth paying attention to the
fact that a similar percentage of people have similar

gained a medium level. They are more visible in the
northern part of the district as figure 4 shows. The
lowest time deviations in public transport accessibil-
ity are observed in the central part of Srodmiescie,
in the southern part of Pétnoc district, the south-
ern part of Zachdd district and in the central part of
Prawobrzeze district.
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The time deviations observed between 6:00 and
8:00 pm indicate that they are the highest in the west-
ern and south-western part of Prawobrzeze district
as well as in the northern part of Pétnoc district. The
average time deviations have been recorded in al-
most entire Zachéd district and in the southern part
of Pétnoc district. The lowest time deviations in travel
times to the cinemas are observed in the central parts
of Srédmiescie and Prawobrzeze districts.

Time deviations in public transport accessibility
to the shopping centres were analysed for the time
period starting at 5:00 pm and finishing at 7:00 pm.
The highest deviations are observed in the eastern
part of Prawobrzeze district and in the northern part
of Pétnoc district. In Zachéd district the deviations
vary from place to place while in Pétnoc district they

are highly diversified. The lowest time deviations
in public transport accessibility to the shopping
centres have been recorded in the central parts of
Srédmiescie and Prawobrzeze districts and in the
southern part of Zachéd district (Fig. 4).

Time deviations in public transport accessibil-
ity to the hospitals were analysed for the time pe-
riod starting at 7:00 am and finishing at 9:00 am.
The highest deviations are observed in the eastern
part of Prawobrzeze district and in the northern
part of Pétnoc district. Small time deviations have
been recorder in the northern and central part of
Prawobrzeze and in the southern part of Pétnoc dis-
trict as well as in almost entire Zachdd district. The
smallest deviations are observed in the central part
of Srédmiescie district (Fig. 4).

time deviations to indoor
swimming pools in hours
18:00-20:00

time deviations to
shopping centers in
hours 17:00-19:00

Time deviations by public transport [min]
<2 4 6 8 10 12 14<

Time deviations by public transport to selected services

time deviations to
cinemas in hours
18:00-20:00

time deviations to
hospitals in hours
07:09:00

Fig. 4. Average deviations of travel time by public transport to the selected service.

Source: own elaboration.
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The largest percentage of people live in the area
of the lowest time deviation in accessibility to the
shopping centres. A slightly smaller group has good
accessibility — with relatively low time deviations — to
the hospitals and indoor swimming pools. The high-
est time deviations have been recorded in time ac-
cessibility to the cinemas. To sum up, the analysis has
shown that 80-90% of Szczecin citizens live in areas
where maximum time deviations are 8 minutes, no
matter the service chosen (Fig. 5).
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others point out that calculations made for 15 minute
intervals may be burdened with errors. Therefore,
according to them, time intervals shall be chosen ran-
domly in order to avoid a situation when travel time
is calculated just after a particular means of transport
has just left. The author of this article agrees with M.
Stepniak’s et al., (2019) opinion, still he thinks that
using 9 profiles of time accessibility with 15 minute
intervals allows to grasp time deviations quite accu-
rately and properly. It can be confirmed by the study

POPULATION IN THE AREA OF U NCERTAINTY OF TRAVEL
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Fig. 5. The population is exposed to a large diversity of travel time.

Source: own elaboration.

6. Conclusions

Travel times to service facilities depends on several
factors. The most significant one, shaping travel dura-
tion, is obviously physical distance between a travel
source and a chosen place of destination. Another
vital factor is a particular means of transport. In this
paper only means of public transport were analysed.
Buses, trams or underground trains run according to
timetables thus, there are particular time intervals
of their operations. Another important thing is to
know how much time it takes passengers to get to
a particular stop or station (Wessel, Widener, 2016). In
their article published in M. Stepniak et al. (2019) and

by S. Goliszek and M. Potom (2016b) in which 5 min-
ute intervals were analysed and the time deviations
appeared to be very similar to the ones calculated in
this study. It is also an interesting finding that some
services are not located in densely populated areas
(Goliszek, 2017b). The author of this paper is aware
that a person living near a low-frequency stop usually
checks the timetable and leaves home at a particu-
lar time while passengers living near the city centre,
where there are high-frequency stops, do not have
to do this and can leave any time with low probability
of long waiting time.
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