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1 ABSTRACT

Public transport played significant role in the rabdplit in Polish cities before the economic tiaos.
Nevertheless, the development of public transpdrastructure could not keep up with the changagiian
structures. Since the beginning of the economitsttian, cities have been trying to fulfil old gafsit also
to confront new problems (like increasing the miagttion level, rising suburbanization, the lackvedll
thought urban development policy). Poiiisa special case study: on the one hand it ha®bthe best and
innovative public transport systems, on the othardhcar usage is on the highest level among thgebig
Polish cities. According to the last general t@Burveys performed in 2,000, trips by car equaié®o. It
seems that the main reason of this situation ipprapriate development of the public transport ek
which is not following by the urban development.adyses were performed in 2009 by using advanced GIS
and GPS tools. The paper presents the public toainapcessibility level in Pozadn many aspects such as
coverage of public transport stops and time ned¢dedach main destinations in the city. There vwadse
examined extensions of routes between homes apsl atzording to the types of urban structures.

2 GENERAL VIEW

Pozna is one of the oldest cities in Poland. It is d@sdand's fifth largest city (557,264 inhabitant2008)
and fourth biggest industrial and academic centrth(more than 130,000 students). Pazrsathe capital of
the Wielkopolska (Greater Poland) Voivodeship. 8ittee 19th century the city has been one of theesic
communes in Poland.

The spatial structure of Poznavas formed by: the Warta River, which is northtboaxis of the city, two
rings (one surrounding the downtown and one locapgatoximately 6-7 km from the city centre) of fam
Prussian fortification and four triangles of thegnery (extending from the city centre to the &ityits).
The city structure is determined also by the nektwair main railroads (focusing in the main station —
Dworzec Gtéwny, which is located in the city cehtréhe city is comparatively flat. Until the end of
communism the city was being concentrated relativrelsmall area, and the main idea of urban plapnin
was the statement: “city of short ways”. Very visilwere also triangles (wedges) of the greenery.

Since 1990 Pozmahave been witnessing significant changes in udmrelopment, living preferences and
transport behaviours. The city has lost about 3Bd@idnhabitants. In this time in the surroundimgrenunes
(Pozna County), the number of inhabitants has risen byentbhan 86,000 inhabitants. In effect, in 2008
Pozna@a County had 311,390 inhabitants. The migration® iatirrounding communes (beside chaotic
residential areas developed within the city limigge creating many transport problems in the whole
metropolitan area. In result the travel distancedengthening and make inhabitants dependentrsn ca

3 HISTORY OF PUBLIC TRANSPORT IN POZNAN

The development of public transport network doesfokowing the spatial changes in the city. Inttahts

of new urban areas, customers of new shopping mallsorkers of new industrial centres have to wait
several months to get first bus connections toraheas of Pozia(in addition usually with low frequency).
The development of tram network is much slower g tram lines are not filling the network gaps ethi
were appearing in the late 1970s and 1980s dudngtauction of new residential areas.

Local authorities (in 80s) have been planning fiash route in the north of the city to suppleménat public
transport network. The route (6.1 km) was openegf afiany years in 1997 and was a significant reiaiu
for public transport in Pozhalt has allowed a rapid connection with the downtdor inhabitants of high-
populated northern districts. The average sped@oaha Fast Tram amounts to 35 km/h. However it has
become a victim of its own success: the demaniytgeh than its capacity.

For the next tram-track inhabitants had to waity&érs. In 2007 it was opened new track, which hgsah
to optimize the network in city centre i.e. to dlkartravel times and to give priorities in histaticity centre

REAL CORP 2010 Proceedings/Tagungsband @
Vienna, 18-20 May 2010 — http://www.corp.atEditors: Manfred SCHRENK, Vasily V. POPOVICH, PeE&ILE



Public transport accessibility in Pozna

for trams. This investment can be also a symbolcldinges in traffic policy concerning tramways:
optimization of the network and priorities for tranm city centre instead of new tram-tracks to h@wsing
estates. Outside the city centre, in narrow minihg,most important role is reserved for privatesca

4 PUBLIC TRANSPORT DEVELOPMENT PLANS

According to the general strategy for the city depment from 1994, trams should be the fundamental
mode of transport in the city. Since then, duriegavations of the streets and traffic lights, is Heeen
introduced some improvements in tram network, l@gh priority at some intersections.

Currently in Poznathere are several plans to extend the tram netwiost of them are only conceptions.
Only two of them have the chance to be construeted 2013 (last year of financing investments fré&td
Structural Funds for 2007-2013):

« extension of route form Lecha terminus to the simagppentre M1 Franowo, with a depot at the end,

« extension of the Pozadrast Tram route to train station Poir@déwny and connection with the rest
of the tram network.

Only the first extension is sure because the ofjgbtdevas sold in 2008 and city-owned Urban Transport
Company has limited time to leave old one. The sécoonception is eagerly awaited by inhabitants
expecting higher capacity of the Poargast Tram, but this investment could be delayleaeixt years. In
investments financed from EU Structural Funds fa0722013 there was also the extension of routeutiiro
Zawady and Gtowna (northern-eastern part of cityjrain station PozmaWschod. However due to the
economic crisis the city office decided to resigmmf it.

— existing lines e \/\‘f\/

- planned to be construted until 2013 £ <

—— planned to be constructed later N Ty >

- gxpected by inhabitants Kﬁ

——— rail roads i
streets

Fig. 1. Tramways in PozAa- existed and planned

Spatial development plans are more ambitious ey tto not always meet the inhabitants’ expectation
some important residential areas or travellerstidagons (e.g. Adam Mickiewicz University — campus
Morasko) are still far away from tram network. Adtigh the plans of tram network optimization hawe th
biggest chance to be realized in the city centre.
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Beside the plans described in investment planpatiad development plans, there were several progjfar
tram-train system introduction and for rail traaksage to connect metropolitan rail network andaairp
These ideas do not have any chances for realizatithe nearest future.

5 PUBLIC TRANSPORT NETWORK AND ORGANIZATION

Local public transport in Pozfias organized by Public Transport Authority andveerby Urban Transport
Company (MPK). Suburban, regional buses and lgeahs do not belong to public transport system of
Pozna. During daily hours MPK is operating 19 tram ardlus lines and nightly — one tram line and 21
bus lines. Only one bus line is an express linethark is a necessity for passengers to pay atiaulifee.

In 1993 in Pozna it was done a huge revolution in the system aittenes. The number of lines was
reduced from more than 20 up to 13. Simultaneairdyfrequency of the tram connections was improired.
result every weekday in rush hours (6:00-19:00) tlaens are moving (with small exceptions) with 10
minutes frequency. On Saturday in rush hours thestle every 15 minutes and on Sundays and Saturday
early mornings and evenings — every 20 minutes.

The bus lines are divided in three classes of #aqy: main lines (15 lines), basic lines (11 linagyd
supplement lines (26 lines). The main lines arasing in peek hours (about 6:30 — 9:00 and 14:00:00)
with a 12 minutes frequency and the basic linesith & 15 minutes frequency. The supplement lines ar
coursing with different frequency: from every 8 mies (for line connecting the PofnBast Tram with the
university campus Morasko) till 60 minutes for sotmes to suburbs within the city limits. Duringeth
summer vacation trams and buses have lower fregyemximum: every quarter).

The length of the tram routes amounts to 66 kmairitle bus routes — 318 km. The total length oftthen
lines is 212 km and the bus lines — 573 km. Thiéf system is based on short time tickets (for 1i5 and
30 min) and long period tickets (mainly monthlykets).

Pozna has the best buses and trams among Polish é¢zsnia was the first Polish city which decided to
make a general modernization of its bus fleet. 986Lfirst low-floor buses appeared on roads. Theyew
bought in huge tender for 122 vehicles. In nextryeslPK or the city of Pozmawere purchasing
systematically new buses (usually several vehigisyear). Since 2004 monitoring has become a atdnd
and since 2005 — an air condition. Present, thet ftensists of 310 buses (including 10 in leasind 2
financed by one shopping mall) and 337 tram wad®i5 trains). Most of the buses are low floor céds
but only 25 of trains have low floor. Next 45 loledr vehicles were ordered at the beginning of 20t
average age of the tram fleet amounts to aboute2®@sybut usually vehicles are well maintained. Minde
fleet allows minimizing the troubles for passengetg. delays, cancelled courses etc.

6 PROBLEM OF ACCESSIBILITY MEASURING

Accessibility of public transport system may be sidared as one of the fundamental problems, whieh a
faced by the modern city. This fact makes it nemgst develop appropriate mechanisms to asselevéb
Often problems of accessibility and its level ao¢ clearly understood — in literature could be fdumany
different research methodologies. Litman (2008sents some guidelines, which should characterlzbel
analyses on the accessibility of transport:

« Accessibility should generally be measured doaddor, taking into account the travel links from
origins to vehicles and from vehicles to destinagioFor example, delays finding a parking space
should be counted as part of travel time costs.

- Travel time costs values should reflect qualitatisetors such as comfort and convenience. For
example, unit time costs should increase with ciogidnd congested conditions.

« Travel distances should be measured based on awtwbrk conditions, rather than as-the-crow-
flies.

« Accessibility analysis should consider costs suchehicle ownership and parking, not just vehicle
operating costs.

According to these statements, researchers shakadto account all aspects of travelling. Ités@ssary to
concentrate investigations on comprehensive aralyddch include all issues that could make public
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transport more or less accessible. In result cothpetess between means of transport should be/zadhl
not only as the time-competitiveness.

In researches on public transport accessibilitis &lso necessary to notice that each travel stnef a few
stages, and each of them last a certain periodtotaktravel consists of sequentially:

« 1) coming to public transport stop,

« 2) waiting for the bus or tram arrival,
« 3) riding the public transport vehicle,
« 4) transfer operations, including:

0 a. move to stop to reach other line of public tpamg
b. waiting for the bus or tram arrival,

« 5) passage of another means of public transport,
« 6) reaching the destination.

Attempts to shorten and facilitate all this stagee the necessity in modern and sustainable transpo
planning.

7 ACCESSTO PUBLIC TRANSPORT STOPS

In 2009 in Pozna there were made comprehensive and unique invéstigaon accessibility in public
transport. At first ranges of the bus and tram stepre estimated. Acceptable distance to get theauats

to 300 meters for bus stops and 400 for tram stapsording to literature — Loose 2001), and thiadice
should be measured basing on actual network conditrather than “as-the-crow-flies” (Litman 2008ler
2002). In Poznan this real distance is longer b% 2@ was measured by using GPS tools during the
investigations).

Area per 1 stop (km2)
o4
B o508
oo 14
B 1.5-24
[2s-a9

Fig. 2. Location (left) and density (right) of pittransport stops

According to the study, 20% of Poznan’s area iseuride impact of public transport system. For bujilt
areas it is over 60%. The central area of theisitgmost entirely covered by the bus and tramsst&uot
further away from the downtown, areas of coveragdasing their continuity. This situation refle¢ke rule
that with growing distance from the city centre plagion density is decreasing and number of faetoand
commercial targets is going down. It could be ataticed that in many new settlement areas, public
transport network is poorly developed. There areynfavhite spots” and in these locations a lot objple
could have problems in reaching mass transportcgerv
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One of advantages of public transport system im&ois the fact that the most of industrial and se¥vic
areas are located in the sphere of stops infludestill some services (the best example is dndistrict
courts) could not be reached by tram or by buis dtanger situation which could cause exclusiosarfie
social groups with a low mobility (especially olddadisabled people).

Overall it should be noted that development of jmublansport system in Pozhas not related with the
growth of the urban space. Only in older city distrbus and tram stops were located in relativatipnal
and relevant distances. In areas of residentiati+faurhily buildings it can be clearly seen that pab
transport lines do not cross this districts. Bused trams are going only on the edges of suchenwtit
areas. It is the result of old planning conditionmbjch was estimating acceptable path to stopsdistance

of 500-1000 meters. Nowadays, when having a canush easier, citizens of such districts often are
choosing this mode of transportation. Cars are llysparked few meters from the block and it is much
easier to reach them then to reach the bus orstapn(Newman, Kenworthy 1999).

According to the principles of sustainable develephpolicy in land use and transportation, veryantgnt
case is locating new settlements areas along egisgtworks of public transport (especially trameB). On
a smaller scale, it is very important to provid&edent facilities to promote walking and cyclinghese
solutions could help the city to overcome problemith crowded and noisy streets and to shorten tiafes
travelling across the city.

Fig. 3. Tram line located on the edge of the biggetate in Pozma(Photo: ddrzej Gadaiski)

8 ROLESOF TRANSFER STATION IN PUBLIC TRANSPORT ACCESSIBILITY

No direct connection between two stops cause dsdgngers have to travel by two or more publicstrar

vehicles. The transfers between them are madeaosfér stations — the places where at least tves lof
public transport are crossing. Such a change inesad transportation is always associated withsa luf
time. It is caused by: possible walking to anothes or tram stop and waiting for the vehicle afrivia

order to minimize travel times, authorities, whe agsponsible for the city transport, should tryaduce the
number of transfers - particularly between areasegaing big traffic movements, as well as to ftatié

moment of the transfer (Avishai, Marguier 1985,dear, Sunde 2008).

On the other hand, changing vehicles cause thahuh#&er of objects and areas, which can be achieved
from the initial stop, significantly increase. Uasenable and impossible it would be keeping thelbaurof
communication lines, which are connecting direetllyareas of the city. Transfers are therefore Gessity

and with appropriate planning they could be theageslvantage of the communication network of tie ci
and also could significantly improve its integr{Brown, Hess, Shoup 2004).
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Very important for passengers of public transpserthie distance between the stop where they leave th
vehicle, and the stop of the line, which they idtda continue their journey. No less significang dne
barriers like communication traces with heavy traffespecially roads). To increase the security of
pedestrians, there are often crossings (which fea badly localized) and traffic lights. Anothenstion is
building underpasses or overpasses over the stiept®vides to avoid collisions in the way to thes or
tram stop. However, usually that kind of solutienaissociated with the necessity to climb to thessta
slopes or with waiting for the elevator (if ins&l) and often involves the elongation of the raauj the
need of greater physical effort (Khisty 1994).

In the beginning of 2009 in Pozainahere were proceeded a detailed assessmentdrofranasfer stations in
the public transport network. It was selected 3¢ peints and all of them were connected by traredin
During the study, it was measured the time neededalk between all stops located on transfer statio
There were also indentified the most importanticlifties for travellers (especially for older orsdbled
people). The measurements were carried out duagligiht hours at normal or increased traffic (fr800 to
1800)

On. Jana 11

Time needed to change stops
Changes beetween: on transfer station (min):
" Q©  busses 8 less then 1,0
O tbusandtram 1040
1,501,989
o A ore o
@ 20028
[ . 3,00 and more

i

b

Rondo J. Nowska Most L
Jzoraratiogo il

i

Fig. 4. Evaluation of the main transfer stationPozna: left: time needed to change; right: obstaclesransfer stations.

The above analyses shows that in most cases, fhéetaeen stops on transfer stations in Poznaakiad

a long time. In addition, some transfer nodes aexacterized by other serious difficulties that reaglude
some groups of passengers with possibility to ceahg modes of transportation and in result toeaghthe
final destination. Time loss during the transfef®owdd be significantly reduced through appropriate
infrastructure improvements and investments in mod@tegrated transfer stations. It is also neagsi
make attention on the appropriate locations of neamsfer stations. In the same time it should be
implemented new projects, which include roads aild/ays passenger-friendly solutions.

In terms of architectural solutions very importgmboblem is to supplement the existing underways and
overways in elevators, which would allow accespdsons in wheelchairs. Escalators also could dpamod
facilitate to improve the movement of disabled amk people.

On the most transfer stations in Pazrthe best solution to improve their integration aigpropriate
coordination of traffic lights. It should be givérigh priorities to pedestrians at intersections.cOfirse it
would cause the deterioration of the conditionsdrs movement at some points. But for cities, wheimt
to implement rules of sustainable urban transgoth decisions are necessary.
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Fig. 5. Lack of crossings to public transport stopsses dangerous situations on the street (Pkdiaej Gadaziski)

Another option, which might improve the accesdipiof bus and tram stops, could be introduction of
additional pedestrian crossings. Such solution ddngth: shorten the way to reach public transppss
and improve traffic conditions at the bus stopmiany Polish cities very visible is the tendencytad the
smallest platforms for passengers as possible. @ddspractise could be also seen in many publitspart
stops in Poznan, even at some major transfer statibhe most vivid examples are Most Teatralny
(Theatre's Bridge), Most Dworcowy and Polwiejskdl (eacated in the city centre). A typical passenger
reaction to that situation is crossing the roafbrbidden places.

9 LEVEL OF TIME-ACCESSIBILITY IN PUBLIC TRANSPORT

Time-accessibility is one of the best factors, Wwhian be used to estimate level of public transpentices.
According to this, it was made comprehensive amalystime-accessibility for five important poiritecated

in Poznan’s territory. First of them is Rondo Kajgwa — the main transfer station, which is critigal
important for public transport in the city. It isdated in the central area of Pozn@ther points are situated
on the outskirts of the city and are the objectsictvare generating high traffic volumes. Thesdifas are:
tawica Airport (in the western part of the city)d&m Mickiewicz University Campus (on the northern
outskirts of Pozng, the biggest cinema complex — Kinepolis (easpamt of the city) and shopping gallery
— Panorama (south of the city). The selection ¢éatb, allowed comparing the level of time-acceahsikin
different districts in Pozia

The main purpose of the analysis was the identifinaof the major gaps in the bus and tram netwaikch
could begin the discussions in Pozrabout the competitiveness between public transpaitother forms of
movement: bicycles and cars.

According to the researches, the best time-acdbfysitvas estimated for the central point — Rondo
Kaponiera. This is mainly due to well developed buad tram network, for which Rondo Kaponiera is the
focal point. The most of tram lines (11 of 19) aressing this transfer station. Other objects imgarison
with the Rondo Kaponiera are poorly accessibles. & negative phenomenon mainly due to the facttittey
are one of the most popular destinations in the. ditany citizens are trying to get them every day,
especially during rush hours, and they need andaddntransport services on the high level. The geera
travel time to these objects (more than 40 minuteeies the public transport loser in the competitidth
other transport modes.

One of aspects of suburbanization is shifts of ipulnistitutions, commercial centres and researcisun
outside the downtown (Nijkamp, Pepping, Baniste®6)9 Poznan faces this process very deeply. Good
examples are new buildings of Adam Mickiewicz Umgity, which were located near the city bordersaAl
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some new hospitals, district courts and other pubbtitutions are being moved from the city centréhe
peripheral areas.

Dispersion of population and potential aims of éléimg causes new problems in local transportasigstem.
Direct travel connections between different subaorlaaeas are getting more important. Deficiencies of
transport infrastructure can already be seen todayexample between neighbouring districts — Padpl
and Morasko — a trip by public transport takes at®minutes. To ride the same distance car neelgs on

several and bike nearly 20 minutes.

Fig. 6. Public transport in Pozfna time-accessibility level of the main travelledgstinations. : a) Rondo Kaponiera, b) airport
tawica, c) Panorama - shopping mall, d) campusdsrA Mickiewicz University (Geosciences faculty)eisure centre Kinepolis;
f) comparison of accessibility to these destination

At the same time, under the influence of changakéneconomy (growing importance of services sgctor
communication behaviours of inhabitants are changlPeople are travelling more and more in many
directions. In the same time, the importance o$taxg transport lines is declining — mainly theises are
ensuring only access from residence areas to npagmtuction facilities. Together with suburbanisatio
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process, it leads to the further dispersion oteitis travel directions. The result is new chalefpr public
transport system in the city (Banister 2001).

10 CONCLUSIONS

Poznd'’s experiences show that the modern solutions ane@ay and policy do not guarantee sustainable
transport. Although MPK has one of the best fleePbland, every year local public transport isrgsi
passengers. Main reason is car oriented transmtidypand the lack of integrated urban and transpor
planning. The special importance has suburbanizgiimcess. While public transport is following new
investments within city limits with huge delay, sigle the city many new districts have not any cotioas

or there are only a few per day. Development ofl oetwork is a strong competitor to public transpdew
roads paradoxically are deepening transportatiohlems.

The isochronal analysis shows that there is a &iff bf radial tram lines establishing rapid conioect
between districts (especially in northern parthaf tity) and there is also a need to extend tramvark to
new settlements and to the most important destingtdf the daily trips. Small improvements likeopities
at the intersections with intelligent traffic lighor the optimization of tram network in the cigntre are not
sufficient to make public transport winner in th@rgpetition with private cars and — in many casedgth
cycles.

11 POSSIBILITIESFOR TIME-ACCESSIBILITY IMPROVEMENT

Ensuring good time-accessibility in the local paltfiansport in Pozriais strongly difficult. The city growth
seems to be chaotic due to relatively liberal urplmning law. Often new settlements are appeddng
away from existed tram network and new bus conoestihave been establishing after several months,
(sometimes up to 2-3 years) since the settlemenbé&en constructed. Additionally the local transpolicy

put more stress on road construction than tramar&tadevelopment.

The most important method to improve the time-asibégy is construction of ring tram tracks estiahing
direct connections between neighbouring distriGsly southern part of the city has tram track cating

big settlements without transit through the citptce. Northern part of tram network is star-shapatiern.

All trips to northern districts have to be doneotigh one, overcrowded tram intersection (Most Eday).
This solution lengthens travel time significantlytbalso enlarges the risk of delays caused by Inroke
vehicles, impropriate work of intelligent traffights, problems with switches etc. The ring linébuses are
not an interesting alternative. Most of them hawe frequency and small average speed becausefiid tra
jams. Moreover, the public transport authority tsehese lines usually as “social lines” which dtdaring
children to schools, elderly people to shops ele foutes are sometimes enormous lengthened toaphe
which can be done by car. These bus lines shoulédefined and partly changed for rapid transitveen
main districts as long as new ring tram track Wil built. The second task to improve Pazsgublic
transport is developing tram network and extending the biggest settlements and the most importan
destinations (e.g. AMU campus, airport Lawica). hextensions usually meet the inhabitants’ expenta
presented on fig. 1.

Administrative decisions or low cost investmentsidaalso be a chance to shorten travel time. Qreaf
new bus lines, construction of common bus and t@utes, priorities at intersections and etc. caprave
the traffic flow of busses and trams. Neverthelesssolution mostly for the city centre and dows answer
to main problems on peripheries.

Some potential is hidden in regional rail. Recendlgional trains have mostly low frequency andtieddy
small average speed. They are not integrated ind@ezfare system. Furthermore, the location of tsps
is usually away from new settlements or industraias.
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