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1 INTRODUCTION

Public transport plays an important role in functioning of every large city. It facilitates the flow of people
and goods, and connects strategic areas of housing, labour, commerce or entertainment. Cities cannot
develop properly when relation between those areas is not satisfactory. Public transport accessibility is a
key factor to a stable operation of the whole system that city creates. It is generally understood as the
ease of access to the means of transport and the ease of travelling to desired destinations. Concepts of
the transport availability are used in the research on the settlement network, transportation systems and
spatial development at every level (Olszewski, Dybicz, Sleszynski, 2013).

Public transport accessibility evaluation may significantly support management of city components of the
city and whole transit network. The analysis should precede every major construction investment. It may
also help local authorities intervene when current condition of public transport services is deficient in
certain areas, especially housing developments poorly connected with public service areas and
workplaces. Therefore, th following paper presents an attempt to asses a public transit time accessibility
on the example of a medium-sized European city - Warsaw.

2343


mailto:gochkatarzyna@gmail.com
mailto:szymonochota94@gmail.com
mailto:m.piotrkowska@interia.pl
mailto:zuzannakunert@gmail.com

Lt

R (Ducsoe

1.1 PUBLIC TRANSPORT SYSTEM IN WARSAW

Public transport system in Warsaw metropolitan area operates on the area of the city and 30 adjacent
communes and covers about 2500 km2 (517 km2 in Warsaw and 1912 km2 outside the city borders). The
annual number of passengers exceeds 1 billion (Urzad m.st Warszawy, 2015). The system consists of 267
bus lines, 26 tram lines, 4 city train lines (SKM) and 2 metro lines. Moreover, passengers who have
appropriate tickets are able to use train lines operated by Masovian Railways (KM) and Warsaw Commuter
Railway (WKD).

Important part in the public transport system is played by rail transport (railway, metro and tram), however
bus is the most accessible mean of transport to the largest group of passengers. According to the data
from 2013 it is estimated that during the year buses transported over 550 min passengers, which is twice
more compared to the number of passengers transported by trams or metro (Table 1). Tram is the second
mean of public transport in terms of number of passengers. The third is metro (the youngest mean of
transport in the city) which gains importance because of its capacity and travel time. Metro in Warsaw it is
still under construction and the next 6 stations are going to be commissioned in 2019. In the peak time
metro runs every 3 minutes. (Urzad m.st. Warszawy, 2015)

Mode of transport Number of passengers [2013]
Buses 557 974 004
Trams 264 201 709
Metra 180 187 218
Railway — Fast City Rail (SKM) 22578235
Warsaw Commuter Railway 4276420
Railway — Mazovian Railroads (Koleje Mazowieckie) 30 043 675
Sum 1059 261 261

Table 1 - Estimated number of passengers in 2013 divided into modes of transport.
Source: Urzad Miasta Warszawa, 2015

1.1.1 MODAL SHARE

According to data obtained during the travel survey of Warsaw inhabitants in 2015 nearly half of travels are
made with public transport and one third of them with private vehicles. Almost 20% of trips are made on
foot. After excluding the latter from the analysis the modal share occur as follows: 56.9% public transport,
38.6% private motor vehicle, 3.8% bicycle, 0.7% other means of transport. (Kostelecka, 2015b)

Every day inhabitants of Warsaw make 3.348.336 trips from which 44.1% comprise trips between home
and workplace, 11.1% - trips between home and place of education, 35.1% - trips between home and
other destinations and 9.7% - other trips with no connection to home. Majority of trips start and finish within
the city boundaries and only 4.5% have their start or end outside it. Spatial layout of journeys shows that
most of them take place on the west side of Warsaw (59.6%) and over one fifth (23.2%) requires crossing
the Vistula river. (Kostelecka, 2015b)

The analysis of the data from years 1980, 1993, 1998, 2005, 2015 reveals the increasing value of
inhabitants’ mobility index in period 2005 - 2015, after a long period of decrease 1993-2005 (Kostelecka,
2015b). The cause of this increase is an ongoing process of development of rural areas in suburbs of
Warsaw (urban sprawl) which is considered nowadays as one of the major problems in the city’s spatial
management.

Moreover, after the decrease of public transport share in 1980-1993 an inhibition of the decrease can be
observed in years 1998-2005. It is the result of high expenditures to improve the public transport system
and the competitiveness of it in terms of traffic congestion. On the other hand, in last 10 years public
transport modal share dropped by almost 10%. Simultaneously the number of walking trips decreased
from 30,1 % in 1980 to 17,9 % of all trips in 2015 (Figure 1). The cause of it is the increase of motorisation
index and easier access to means of public transport (com. Figure 1).

2344



USBON S
@ esor

M on foot M private transport public transport other
55,7 ,
60 155 513 54,1
50 46,7
40
28,8 i
30
20 17,9
* 17 0,3 0,5 1,3 3,7
0
1980 1993 1998 2005 2015

Figure 1 - Comparison of travel structure, by travel methods for travel in general. Source: Kostelecka, 2015b

The study of traffic volume conducted in 2015 (Kostelecka, 2015b) provided the numbers of cars within the
metropolitan area. It is estimated that during a working day about 1 million of cars cross Warsaw borders
as well as central area of the city (in both directions); 550 thousand of cars come from metropolitan area
and 450 thousand from outer area. Furthermore, a significant rise of the motorisation index can be
observed, which results in an increasing modal share of individual motor vehicles starting from the end of
1980s (Kostelecka, 2015b). According to the data published by Central Statistical Office in 2012 there
were 580 vehicles per 1000 inhabitants in Warsaw, whereas in the 90’s there were less than 400 cars.
Similarly the index of motorisation raised in counties adjacent to Warsaw. For example, in Warsaw West
County there were even 612 vehicles per 1000 inhabitants in 2012 (Urzgd m.st. Warszawy, 2015).
Increasing motorisation index and less access to public transport in communes outside Warsaw result in
59,9% share of cars (and only 29,6% of public transport) in all trips made by inhabitants from these areas
(Kostelecka, 2015). These are the reasons for high traffic congestion during peak time in Warsaw.
According to TOMTOM Traffic Index list Warsaw was ranked 42nd most congested city in the world
(TomTom, 2017).

Cars are one of the main causes of air pollution in the city. According to Voivodeship Environmental
Protection Inspectorate (WIOS) linear sources in the total pollutant emission share in Warsaw is the
highest for nitrogen dioxide and particulate matter - PM10. The highest concentration of pollution occurs in
vicinity of the roads of high traffic density and areas with dense development, especially in the city centre.
A similar problem affects the whole metropolitan area where in 2011 according to Supreme Audit Office
(Najwyzsza Izba Kontroli, 2014) 63% of total PM10 emission from this zone was caused by linear sources
(mostly transport). Moreover, a big number of motor vehicles in the city results in noise pollution. In fact,
Warsaw is claimed to be one of the most polluted cities in Poland in terms of the number of people
affected by overscaled noise and the area in which acceptable noise pollution index is exceeded (Warsaw
City Council, 2015).

1.2 METHODS OF PUBLIC TRANSPORT ASSESSMENT AND ITS INSERTION INTO
PUBLIC SPACES

Public spaces are one of the most significant components of urban environment. Not only are they
important for social reasons but also influence the functionality of public transport system. Hence,
authorities responsible for creating, managing and enhancing such system (including local government,
urban planners, transport engineers, etc.) should introduce proper tools and methods of assessment of
public transport accessibility. Since GIS become more and more common as an aid in different public
governing areas, it seems obvious that methods of assessment of public transport accessibility will also be
implied through such systems.

Cities around the world use different methods to study and analyse their public transport systems. They
are usually based on evaluating time of accessing the public transport or distance between the stations
and locations of residence (Fransen K. et al., 2015). Nevertheless, many other substantial factors may be
taken into account to receive more precise view of a particular public transport system. For instance, PTAL
(Public Transport Accessibility Level), a method introduced in London and then implemented in other
British cities after modifications (GMAL, Greater Manchester Accessibility Level) consists of evaluating
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time to get to public transport station from a defined Point of Interest and waiting time based on time tables
(Measuring Public Transport Accessibility Levels, 2010). Welch and Mishra (2013) during their research on
Washington-Baltimore region multimodal transport system and its impact on the environment added the
factor of importance of the stations. They analysed the public transport frequency in peak and off-peak
periods. The element that significantly improves the public transport accessibility assessment is evaluation
of the time or cost of the journey to the defined destinations. Research on public transport vs. private car
accessibility estimation in Tel-Aviv metropolitan area (Benenson et al., 2011) included walking time from
the origin to a stop, waiting time, summarised journey time (travel times and waiting times between
different buses) and walking time from the final stop to the destination (employment areas and other urban
functional areas). Through GIS tool Urban.Access, developed by the researchers, the BTT (Bus Travel
Time) was compared with CTT (Car Travel Time). Previously mentioned Lei and Church (2010) noticed
that including estimated travel time into public transport accessibility assessment may occur insufficient.
The value fluctuates depending on timetables. Including this factor into public transport accessibility
assessment methods demands sophisticated GIS analyses implied into a specific public transport system.

Introduction of public transport accessibility assessment methods in other cities and enhancing them in
existing ones pose a significant challenge for local authorities and specialists. It may help them recognise
transportation service deficient areas and reshape the system accordingly.

2 METHODOLOGY

The main aim of the study was to analyse the quality of Warsaw public transport service. The model of
public transport created on the basis of the total travel time to the city centre or to the key, centre-forming
destinations enables identifying areas which are insufficiently serviced yet densely populated.

In order to measure the accessibility of public transport in Warsaw, it was crucial to identify key areas
within the city spatial layout which are frequently attended by inhabitants. Those areas play important role
in the city structure as they ensure workplaces, trade, education, recreation and community interactions.
During the study points which represent district (major) centres and local (minor) centres were selected in
every district of Warsaw.

The most significant part of the city is undeniably the city centre. In Warsaw it encompasses the area of
the inner district Srodmieécie and parts of adjacent districts: Wola, Ochota, Praga Potudnie and Praga
Pétnoc (the last two located on the right side of Vistula river) (Warsaw City Council, 2006). This area
concentrates main government and local authorities’ offices, embassies, international institutions and
nationwide agencies as well as commerce, education and cultural objects (including historic Old Town and
New Town). Multiplicity of key destinations within the inner city did not allow to select one central point of
Warsaw, instead several points on two hierarchical levels were chosen (Table 2).

In the urban environment, apart from the inner city, it is possible to distinguish district and local centres.
The first are usually anchored by local government seats, shopping malls or education institutions,
especially universities. Such places attract not only residents of particular district but also from other parts
of the city. According to the local planning act (Urzad Miasta Warszawy, 2006) district centres should be
located suitably in the district layout, easily accessible and well connected with the city centre and housing
developments. At this point, the fact that transport hubs influence strongly the city environment and often
become district centres must be highlighted.

Local centres can be defined as multifunctional areas dedicated to residents of particular districts, which
provide them with various services including retail, healthcare, education, culture as well as places of
recreation and community integration (Oddziat Warszawski Stowarzyszenia Architektiéw Polskich, 2015).
Such areas, usually located between housing developments and public transport stops, aim their
amenities mainly at local residents. Local centres were determined on the basis of “Warsaw Local Centres”
project conducted by Association of Polish Architects in which areas of natural social interactions in the
city’s spatial layout were selected (Oddziat Warszawski Stowarzyszenia Architektéw Polskich, 2015).

Table 2 presents the list of important points distinguished from the urban space of Warsaw. They are
divided into two groups based on their place in hierarchy of district and local centres and sorted by districts
on each side of the city. Figure 2 shows the location of selected points.
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West side of Warsawar

9y Wilochy
District © .

1) Brmowo

Disirict Centre: l Distriet Counell of Bemomwo
Local Centre: 1) Deparoment store Hiale Wals:

2} Wroclawska bazaar; 3] Supecmarket Srmkrotks at
Radiowa 5¢; 4) Bemowro '.'."l.n:iPFJ.I:Lg oentre

1y Ra’_'l'.'.'a_.— station Tloch'_r, .'! Sh-uPP’_r_g cemires atinfersecton
aof Pn:hPu'_:.rna St. and ]:m:n]imsE: Are;

5| Shopping centre Okecie

Local Cepire: 1) Bakalarzka ma.rk::place', :' Commu.r.i.;

centre _Arfysyepny Dom _Awimags

2) Bielany

Diistrict Centre: 1} District Council of Bielany,

2 _'cuzf Pilsnd=ki T_fr_i.r\e:'..i.r:: of P]:l_.-smaJ Educadon, 3
Cardinal Stefan Wy z_T.rl:h Univer=ity

Lacal Cegipe: 1) Salez and zervice cenoe ar Conrzda
5t., 2) Department stors Mg Foliborki, 3) Metro
seation §asre Bislnny,

4) Walwemen bazaar

10y Wola

Diistrmict Centre:

1) Disedet Couneil of Wola; 2) Dasryocki Roundabont;

J) Wola Park shopping centre

Laocal Centre:

1) Sales and service centre at Gorezewszka 5t.; 2) Bazaar at the
Kolo r.ighbu'u.:hc-c-d: 3| Former cinsma Fins Feans

3) Mokotow

District Centre: 1 Galome Aokt =huppi-r'-g centre, 2
Warzaw School of Economies

Local Centre: 1) Broniewzki Oriza Ec_ua.n:._ ) _]'on:lm
ga.l:d.en at Dﬂ.._ﬂ.l'!.l. St., 3 FKADER eomm'u.r_LT cenmre, -1-
"E'.'al'ruz::':.k.a bazzar, 5 Land :hoppi.r_g caEnmE

11y Zoliborz

District Centre:

1) Wilzon 5q.

Laocal Centre:

1y D:Fz.rnm:n-.- stors Hale _‘t:l.'-:.g o
2) Gruowaldzki Sq.

4) Ochota

Diisirict Centre: l Mararonricz Ee_ua.ne.,

2) Szezesbwicki park (skiing slope), ¥) Rty shopping
centre

Local Centre: 1) D:Pa.n:m-enl: store Hals Bawacks, 2)
Moldavwr:ka marketplace

East side of Warsamr

12} Biatolelka

Diiztgct Cepfre: 1 Dismriet Counell of Bizlodeka

Local Centre: 1% Sales and service cemtre at ‘éu—'_:.mw.-'.d.a it
) Shopping centre az Modinzka =t

5) Srodmiescie

District Cepire: 1) ::J.Lru'n.nd.l.n.g: of interssedon of
Jerozolimekie Ave. and Marzalkowska St; 2) Zdea
Tsrﬁg s‘.'mPpmg ceatre; JF) Mstro smaton R.#m':.z-ir:m-::';
-1- Frkomskis Prrsdmisteis St u.ea.:br:.' Warsaw
University; 5) Flae Zamkowy in fromt of The Royal
Casde in Warsxw;, §) National Musenm in Waraw
Local Centre: ::-_D-ePa.rr.mzn'l: store Meremrke Fafr: 1
Savior Square; 5) Urnicn of Lublin Squars; 4) Arksdts
sh.oppiu.g centre; 5 Warsaw '._'r_i.r\e:':.i::: nfTed:.n.nlugT

13y Praga Poludnie

Distmict Cenire: 1) Wiatraczna Roundabour ; 2 FGE
Mational Stadinm ; ¥) Distdet Council of Fraga Poludnie
Local Centre: 1) Sales and servies passage at Francuska 5t
2) Shopping centre nearby Srembeka 5q.;

3| Promewads shopping centre

14) Praga Folnoc

Distmct Centre: 1 Memo station Deorzes Wilensk;

2 Flae Weteranow 1863 . (enmance to The Warsan ZDCI:_
Lo<cal Centre: 1) Haller Sguare; 2) Ragyeki bazaar

6) Ursus

District Centpa:

1} Faibeay station Ursns;

2 D:.E'I'.D-.\:".I: Couaneil of Ursus

Local Centxe: 1) Acher Park; 3) Flac Tyzigelecia;

3 Sales and service cemtre at Wojcischowsk 51, 'n.ca.:b_.-
Fark Hazzow); 4) Skerery chopping centre

15) Rembertowr

Diictgct Cepipe: 1 Dizrriet Coumell of R.em'nemfm';
2| Railway station Rembertow

Local Centre: 1) War Stodies University

16} Tarpowelk

Diizemct Captre: 1 Dizeriet Conmell of Tug\ém'!k.

Local Centre: 1) Rovovs shopping centre ; 2) Trocka bazaar ;
3| Wischa Ee_na.ne {im front of Esw_:u Theatre)

7 Ursynow

Dicimict Cepirs- l Distriet Couneal of T.,':"._.—n-c'l-:l:
Liocal Cepige: 1 Eletro stadon Emk.lu':_.- - T..':s:.'nuv.'sk_:
Shopping arcade; 2) Metro staton MNatolin - Galera
Ursynow shopping centre;

3 Aewo station K_:.bnr}' - Tezseo ':.:J.Ftrm.:.l:k.et;

4} I Dolkew marketplace;

5 ';uth:ukm: Anchan Pualawska

17 Wamrex

Distzict C i

1) Distdet Couneil of Wanrer :n.u.l:'n}' .m:_'l':n_.— smation
Aiedrylesis] ;

2} Children's Memorial Health Insstute

Local Centre:

1) Local num.muni'q: oetTe Ha.rj.".in :

2 Falmis marker

8) Wilanowr

Distmict Centre-

1 Diistriet Conneil of Wilandsr :

2} The Wilancw Falace

Local Centre: 1) Center of Divine Frovidence
(Captrum OPa::m.n:h'fe:. Bozej)

18) Wesola

Diztgct Cepipe: 1 R.:.i;v.'r_r station Warsrawa-Wesofa ; )
Diistriet Connell of Wesola

Local Centre: 1) Sales and service centre at interzection of
Braty Alberm 5t and Wipolna 5t ; 2) Sale: and service
centre atr Traks Brzeski

Table 2 - District and local centres in Warsaw Source: own study
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Districts of Warsaw
Legend ¢ \

@ District centre
® Local centre

- Srédmiescie 11 - Zoliborz
- Ursus

= Districts of east side
. ! 12 - Blaloleka
13 - Praga Poludnie

14 - Praga Péinoc

Vg . Districts of west side:
7, 1 - Bemowo 7 - Ursyndw
A 2 - Bielany 8 - Wilanow
g L 3 - Mokotaw 9 - Wiechy
@ ® 4 - Ochota 10 - Wala
i 5
4 B

15 - Rembertow

‘A_ A 18 - Tarpowek
L lm 17 - Wawer
[ z2 4 8 18 - Wesola

Figure 2 - District and local centres in Warsaw. Source: own study

2.1 MODEL OF WARSAW PUBLIC TRANSPORT

Model of public transit used in the study was based on data in the General Transit Feed Specification
(GTFS) — a standardised data format for storing public transit routes, stops, and schedules (Morang,
2017). GTFS data is used e.g. in Google Maps transit trip planning or other planning applications. Since
2008 the number of transit agencies sharing open schedule data in common format increased from barely
dozen to over a thousand agencies from almost every country around the world (Czebotar, 2017). Many
major public transit systems, especially operators in US, have made up-to-date GTFS data for their
systems readily available for download. Open-data movement also contributes to producing schedules in
GTFS format, commonly available from a dedicated feed registry list (Transitland, 2017).

Public transit accessibility was evaluated using schedule-based transit analyses in ESRI environment. Tool
“Add GTFS to a Network Dataset”, created by Melinda Morang, allows adding GTFS data to an ArcGIS
network dataset and performing schedule-aware analyses using ArcGIS’s Network Analyst extension
(Morang, 2017). GTFS schedule data for Warsaw was obtained from website Transitart (Inovatica, 2016).
Network dataset was built using source point features (stop locations) and line features (roads obtained
from Database of Topographic Objects - BDOT). Evaluation of public transit accessibility was performed
using service area layer from Network Analyst extension. A network service area is a region that
encompasses all accessible streets within given time breaks and is calculated on the basis of given cost -
in the following study travel time with transit (ESRI, 2017). Accessibility was measured on the basis of
travelled time, which is crucial for assessing public transit quality. The average travel time by public
transport in Warsaw differs in years 1980 — 2015 and estimates 33 minutes in 2015, which is close to 30
min benchmark proposed in several studies (Cox, 2012; Goliszek & Potom, 2016). On the other hand,
travel time between house and work destinations, the most often motivation of trip by public transport, was
the highest of all motivations and estimated for 40 minutes in 2015. Moreover, the number of trips longer
than 45 min, which is a limit time value of travel between city areas, was the biggest in this group
(Kostelecka, 2015; Warsaw City Council, 2015). The methodology of the study was based on detailed
positioning of isochrones of access in 5 minute intervals. Isochrones covered 15 min, 30 min, 45 min, 60
min and 90 min travel time to the destination. Calculation model is presented in the Figure 3. The test
performed within morning rush hours, 6:00 — 9:00, on a working day.

2

Figure 3 - Model for calculating isochrones in given intervals. Source: own study
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Deviations in the operation of public transport were analysed using population data from 2011, derived
from geostatical portal (http://www.geoportal.gov.pl/), divided into census blocks. The area of high
population density was later used to select areas characterised with high population density and low public
transport time accessibility. To obtain this, travel time and population data were standardised and
summed, resulting in the indicator of the public transit time travel quality. Areas where average travel time
was lower than 30 min were classified as satisfactory from the point of view of public transport handling.
Public transit time accessibility indicator was classified using method of Natural Breaks into three classes
(Figure 6).

The next question considered analysing accessibility of district and local city centres. Basing on the map of
recognised areas (Figure 2), created isochrones covered travel time to the nearest destination in 10 min
intervals (10 min, 20 min, 30 min, 40 min, 50 min, 60 min). The performed test included travel time towards
facility, at 9:00 am, on a working day (Figure 7).

3 RESULTS

The results of service area analyses show differing public transit accessibility at following time intervals
(Figure 4).

z=7
=z

Z7
=

c) d)

Average travel time to point [min
Legend D Warsaw v g A b 5? [907 ] i
Warsaw University of Technology 0 5 10

Figure 4 - Public transit time accessibility at 6:00 (a), 7:00 (b), 8:00 (c) and 9:00 (d) on working day. Source: own study.

Differences in time travel can be observed on the borders of the intervals. To obtain quantitative
assessment of public transit accessibility in morning peak, the average travel time isochrones were
calculated on the basis of raster isochrones in 5 min intervals in period 6:00 - 9:00 (Figure 5).
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Figure 5 - Public transit average time accessibility in morning peak on working day. On the right: Czerniakow area in
Mokotow district. Source: own study, http://www.mapa.um.warszawa.pl

Map of average travel time isochrones to city centre in the morning peak shows that the area of the lowest,
15 min travel time, is relatively small and covers area that can be also reached within 30 min walking
distance. The satisfactory, 30 min travel time area covers both sides of the river. However, Vistula river is a
visible barrier for public transit accessibility. In general, right side of the river has lower level of transit
service to the city centre, located on the west side of the river. Strong influence of the metro lines and rail
transport can be observed. Outside their service, the average travel time from the external parts of the city
reach up to 90 min and higher.

Area with a lower time accessibility to the city centre, but still within a close distance, can be generally
divided into two groups. First group includes areas closed for public transit, such as airports, railways,
cemeteries, parks or industrial areas. The second group consists of new, rapid developments - attractive in
the terms of location, nevertheless, not able to provide sufficient public transit service. Czerniakdw, part of
the Mokotow district (Figure 5), is exceptionally negative in the context of travel time. Located only 3 km
from the city centre, but with 45 min average travel time, is intended for new, intensive housing
investments.

Legend
[ viarsaa

. Warsaw Univarsty of Tachnoiogy
CJoma swonts

Public transit time accessibility
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Figure 6 - Public transit time accessibility indicator. Source: own study.
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Outside the area of 30 minute average time travel to the city centre live 1 283 875 residents of Warsaw,
which gives 74% of total Warsaw population. Area of acceptable (30 min) time accessibility covers only
10% of city area. With the use of public transit time accessibility indicator highly populated areas, with
significant travel time to city centre could be assigned. These are mostly observed in large-panel system
building settlements on the north of Warsaw (Chomiczéwka in Bielany district, Bemowo, Praga Pétnoc,
Biatoteka). Low quality of transit service was also observed in western edge of Ursus district and in
Ursynoéw district, despite their rail connection with the city centre (Figure 6).

Second part of the study consisted of identification and analysis of public transit accessibility of district and
local centres (Figure 7).

Legend
[ wersaw

‘Warsaw University of Technology

Public transit time accessibility [min]
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Figure 7 - Public transit time accessibility to district and local centres at 9 am on a working day. Source: own study.

The map shown in Figure 10 presents district and local centres localisation and the time of accessing them
from every place in Warsaw at 9 am on a working day. It may be clearly noticed that the centres are
distributed unevenly. An aggregation of them occurs in the centre of the city and along the major transit
routes, where the access time approximates 10 minutes. Satisfactory results also cover more remote
areas, such as Ursus and Wiochy districts and areas with metro line stations. However, many service
deficient areas may be also indicated. They usually cover developments placed away from major transit
routes and close to Warsaw borders. Nevertheless, critical areas such as part of Mokotéw district near
Vistula river (e.g. Czerniakow, mentioned before) or Rembertéw and Targowek localised relatively close to
the city centre also have excessive access times to district and local centres. Such state is partially
determined by the lack of the centres in those areas and improper public transport connection between
them and the closest centres. Another peculiar phenomenon is the differentiation of the public transport
time accessibility to district and local centres on both sides of Vistula river. The number of the centres on
the west part of the city is far higher and the distribution of their localisations is more regular.

4 DISCUSSION

The source data processed in the study may be characterised as generalised and approximate. This is the
reason for many limitations affecting the outcome. First of all, the analysis refers to a 3-hour period of time
during a single day. Timetables are the input data for public transit course. Therefore, the study do not
consider real time situation, traffic jams and unplanned schedule variances caused by unforeseen events.
What is more, the population statistics from 2011 census do not show precisely the real distribution of
inhabitancy and, even more importantly, do not fully correspond with the analysed schedule from 2016.
Another important factor that has an effect on the results of the study is spatial data limitations.
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Visualisation and storage of spatial data requires its proper classification, normalisation and generalisation.
Localisation of local and district centres is represented by point symbols. Their spatial approximation
affects the process of evaluation of their public transport accessibility. In addition, designated walking
routes do not consider spatial barriers such as development fencing. Bus stop access times are affected
because of this limitation. It is also important to take into notice the fact that population density distribution
data processed in this study is classified into polygons that define statistical circuits. The results of the
study are highly determined by the way the data are gathered and classified.

Visualising processed data on maps enables analysing many relations and phenomena. The distribution of
the local and district centres in relation with the development areas or population statistics may be
analysed. The spaces that are deficient in the centres may be designated. However, studying the centres
localisations the observers are unable to conclude if they fulfill their role. Although the method of assessing
public transport accessibility applied in the research served to evaluate the time to get to district and local
centres, it does not give a full insight into real time journeys not connected with job or studying destinations
and afternoon local centres traffic peak. The assessment results indicate variance in journey time in
different hours, over 30-minute accessibility areas, public transport service deficient areas and potentially
well communicated areas but lacking in compact development.

5 CONCLUSIONS

Historical conditions of shaping Warsaw (substantial settlements were located in the distance from the city
centre) have a great impact on the present transportation problems. The connection between localisation
of neighbouring developments and the course of the major transit routes is noticeable. The data
concerning the size of traffic jams and the number of cars coming to Warsaw every day (Warszawskie
Badanie Ruchu, 2015) shows the significance of carrying out such studies and manage metropoly
transport policy properly. Traffic jams are one of the major issues in Warsaw and a significant challenge for
its development. Investigating travel time with public transit might give an insight and a potential answer to
understanding travel behaviour of the city inhabitants. What is more, expanded analysis of public transport
accessibility in Warsaw may make for a strategic tool in creating spatial policy integrated with development
of transport infrastructure. It is a significant element of sustainable development, introduction of which may
determine stable growth of the city. That is why usefulness and applicability of the data on public transport
level may be improved considerably by sharing the data for free. Local authorities, investors, scientific
researchers and social activists may produce different types of information from the data and apply it in the
realisation of their undertakings. Furthermore, such initiatives may lead to creating information bank
accessible for everyone.

There is a noticeable deficiency of district and local centres in the new developments. It may be caused by
poorly prepared services programme for the dwellings and the emphasis on the financial effectiveness of
the investments. Secondly, the centres overlap transport nodes and well communicated areas. There is no
certainty whether the centres emerged first and the transport accessibility was ensured then or inversely.
Future public transport policy should be proactively managed in relation with localising new centres. Local
authorities also have to take into consideration analyses of scientific researchers such as SARP (Polish
Architects Association) and local community suggestions. These sources of information may enrich the
knowledge of the authorities about the condition of public transport and possible solutions to its
enhancement. Formation of spatial policy in such cities as Warsaw requires equipping every development
unit with proper services including public transport system. When the system seems to be insufficient to
connect the area with the central part of the city, local and district centres pose a crucial role there.
Districts such as Witochy or Ursus confirm the thesis. Although their accessibility to city centre is poor, local
and district centres are easily available for the dwellers.

The areas assessed as well serviced are those where the access time to the city centre does not exceed
30 minutes. In other ones the public transport system is characterised as insufficient. Constant occurrence
of traffic congestion indicate that public transport in Warsaw may not be enough attractive to combat the
problem. On the other hand, ongoing development of metro line is a hope for a change in the adverse
state. The problem may lay in the fact that spatial planning in Warsaw is not properly integrated with PT
development. The law favours quickly performed investments set to financial benefit of the developer.
Therefore, many low serviced areas emerge on the city surface and the costs of equipping them properly
become much higher.
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Areas with high population density and simultaneously low public transport time accessibility were
characterised as low service areas, insufficient in terms of public transit quality. These were parts of the
city with great population density, therefore significant in terms of handling a municipality. It is possible to
analyze new public transport investments’ impact on accessibility of public transport in different city areas.
Extension of the second metro line in Warsaw is considered to have a great effect on public transport
accessibility in many areas, among which there are many low service areas at the moment. It is very
important to extend further studies to suburban areas, since they are housing a large number of people
employed in Warsaw.

In conclusion, the quality of public transport poses a significant element of the condition of the city in
general. Therefore, the public transport system should be included in spatial policy and integrated with its
other components. Then, new dwelling investments would be preceded by the development of transport
network. Such order of completion of new dwelling projects may make the process much more effective.
The areas of most critical level of public transport accessibility in Warsaw (localised close to the city
centre, densely populated, with over 30 minute access time to the city centre) cover the area of the new-
built metro line. It may be a partial solution to the problem in those places.

The research presented in this paper shows how crucial for proper functioning of the whole city is well
organised public transport. Such studies should be implemented into spatial policy of Warsaw. The scope
of the analysis, however, should be extended. Other factors, such as localisation of suburban areas,
planned public transport and building investments or new traveling trends, as well as real time data should
be taken into account. Enhanced research may help evaluate the condition of public transport in Warsaw
more precisely and enable local authorities to implement suitable instruments to improve the whole
system.
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1 INTRODUCTION

In parallel with the economic, environmental and social problems in the world, tendency for alternative and
sustainable transportation approaches have increased. As a solution to these problems, people-centred
and sustainable transportation policies are developed on the bases of their successful and permanent
results in long term. This study, discusses streets as spaces of dialog by focusing on social dimension of
transportation. Existing trend changes in transportation, which considers human movements and
accessibilities as their focus rather than vehicles are questioned in local scale. In this context, the study
introduces experience of Istanbul in Turkey concerning the social dimensions of transportation in order to
reclaim the streets as public spaces for dialog. The study conveys the experiences of Carfree Sundays
events in Istanbul in order to discuss the reflections of people-centred transportation approach and its
socio-spatial effects on streets.
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