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Abstract
The present study covers issues of the modellinthefsustainable urban transport system
in relation to an analysis presented of the tramspgmehaviour of the dwellers of Polish cities.
The analysis was conducted taking into considematiee relation of city travels that are realized
by city dwellers on weekdays (Monday through Frjdag well as on Saturdays and Sundays.
The results presented of the investigations inettansport behaviour of city dwellers are related
to the group of those people (i.e. drivers) whaétan passenger cars (not on business) at least fi
times in a week. The following criteria were taketo account: the type of the means of transport
as well as the distance covered while travelling icity.

INTRODUCTION

Urban areas constitute the living space for ovepé0cent of the European population
[4]. A migration of the population of a given stateurban or suburban areas has a substantial
influence for the significance of the transportteys in the area of the city and its peripheries.
The city transport which functions in an urban aggkration constitutes an inseparable
element of the social life. At the same time, iitespf its key function, city transport involves
a number of negative effects, i.e. an increasedr@mwent pollution, high noise emission
levels, problems related to an overburden of thmmoanications system and to the safety
of road users. The idea of as sustainable cityspam constitutes one of those elements which
serve the purpose of a minimization of the effettthe city transport impact on the natural
environment. Its objective is to decrease the nurabtavels in passenger cars.

1. SUSTAINABLE URBAN TRANSPORT SYSTEM

The structure of a sustainable urban transporesystill be presented by means of graph
G, where each connection is represented in the @drangraph arc. Destination points will be
represented in the form of the components of traply. This graph is written in the following
form [1, 2]:

G=(W, L) 1)

where:G — graph\W~ set of components of gragh;- set of connections of graph.

For the purpose of the uniqueness of further ceanattbns, we accept the following
notation of the components and connections in g&fh 2]:
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W={w@=i: i=12.,1% i={12 i j..I} 2)
L={w®,w(@)): wdD,w()eWw, wid+w() i,j€el} )

When knowing the structure of the sustainable parissystem and knowing the
guantitative characteristics being defined, we datermine the model of sustainable urban
transport system, which is written as an ordengdetrin the following form:

MSTS = (G,F,T) 4)

where: MSTS— model of sustainable urban transport syst@m, graph,F — the set of the
functions determined on the set of the componamiscannections of grapB,

F= (FW; FL) ©))
Fw — the set of the functions determined on the Sdteocomponents of gragsh,

FW = {901' @2, ---;(pu}: u= 1, 2,...,U (6)

U — the number of representations determined osd¢hef the components of gra@h
FL — the set of the functions determined on the B#teoconnections of grapB,

FL = {yll ]/2) ---,)/z}, zZ = 1, 2, ,Z (7)

Z — the set of the representations determined onséheof the connections of grafh
T — traffic flow.

The movement of city dwellers in a transport systéra given city is represented by the
traffic flow T through the junctions and arcs of the city tramspetwork. The traffic flows to
the transport network through those points thastiturie the flow sources, it moves through
the individual indirect junctions and connectiomsthe transport network and leaves the
network at the outlet point of the traffic flow. ke case of travels in the city area, the
residents move from beginning points (8gthrough a number of intermediate points {get
to finish points (seB), Fig. 1. There occurs a condition between théviddal points:

W=AUVUB (8)

where:W~ set of components of gra) A — set of beginning point¥, — set of intermediate
points,B — set of finish points.

The relationship between an ordered pair of pofrigsn setsA and B constitutes a
transport relation:

AcW, BcW )

On this basis, we can define a set of all transpaletionsTR in the city’s transport
network:

TRc (AxB)={(a,b): a€A beB} (20)
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At the same time, for each transport relation,taofeonnections between the individual
components of the graph of the city’s transportvoek is defined. This set is marked B,
whereP is the set of all the routes in the city’s transp@twork:

P = U(a,b)eTR pab (11)

The size of the traffic flow in the city’'s transporetwork between a distinguished pair of
componentsd, b on the set of transport relationR is defined as:

x(a,b) = x4 (12)
A + V . B
/4

Fig. 1. Diagram of the movement of the traffic flow irethity’s transport networkdV — set of
components of grapB, A — set of sending point¥,— set of intermediate points

2. PARAMETERS WHICH DESCRIBE TRANSPORT RELATIONS IN
SUSTAINABLE URBAN TRANSPORT SYSTEM

Time of the day
We assume that on Cartesian proddBPxWxW, dt representation is given of the
following form:

dt: X x W x W - R* (13)

where quantitydt(a, b)is a non-negative real number with an interpretatf time interval
(i, }) which determines the time of the day in the relabf transpor{a, b). For the purpose of
clarity, we will use the notation as below:

d((a,b),(i,))) = dt@D, dt@ > (14)

Distance
Quantity d(a, b) is a non-negative real number with an interpretatdf the distance
covered(, j) in the relation of transpo(&, b}

d:X® x W xW - R*, d((ab),(ij)=d@, d@b >0 (15)

Duration time of the journeys
Quantityt(a, b)is a non-negative real number with an interpretatf the duration time
of the journeydi, j) of the relation of transpo(s, b}

X xWwxWw - RY, t((ab),(i)))=t@d, t@)>g (16)
Means of transport
Quantity mt(a, b)is a non-negative real number with an interpretaiof the selected

means of transpo(k) in the relation of transpo(a, b}

mt: X% x W xW - R*, mt((a,b),(ij)) =mt@, mt@b >0 (17)
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3. ANALYSIS OF THE TRAFFIC FLOW IN SUSTAINABLE URBAN
TRANSPORT SYSTEM

Stage 1

The objective of the first stage was to determinesed of the destination points
(components of grapB) of the journeys of city dwellers in the periodsgven days and set
of connections of grapB:

W = {wy, wy, W3, Wy, Ws, We, Wy, Wg, Wg, Wy} (18)

where:w; — home,w, — workplacews — shoppingw,; — next of workplacews — visits of
friend, we — next of shoppingy; — escortwg — amusementyy — schoolw;o — other,

L= {lli lZJ l3) l4) 15, l6' l7' l8' l9' llOJ llli 112: l13, l14: llSl l16i l17: 118: l19i lZO} (19)

where:l; — connectionw;-w, (home-workplace)l, — connectionw,-w; (workplace-home),
I3 — connectionw;-ws (home-shopping)ls — connectionws-w; (shopping-home)ls —

connectionw,-w, (next of workplace-workplace)s — connectionv,-w; (next of workplace-
home),

Iz — connectionw,-wz (workplace-shopping)Js — connectionws-ws (shopping-next of
shopping),lg — connectiorwg-w; (next of shopping-home);o — connectionw;-ws (home-
visits to friend),l11 — connectiorws-w; (visits to friend-home)l;» — connectiorw;-w; (home-
escort),l13 — connectiorw;-w; (escort-home) 4 — connectiorw;-wg (home-amusement),s —

connectionwg-w; (amusement-homelys — connectiorw;-wg (home-school)l;7 — connection
Wo-W; (school-home)]ig — connectionw;-wyo (home-other))19 — connectionwg-wy (other-

home),l20 — connectiow;-w; (home-home).

When having a set of component® and a set of connections between these
components, grapB can be built which presents the communicationtedldehaviour of city
dwellers (Fig. 2).

W, | W,

hs he
" Wi >

L

>

Fig. 2. The graphG of the journeysw; — homew, — workplacew; — shoppingw;, — next of
workplace ws — visits to friendws — next of shoppingy,; — escortwg — amusementyy —
school,wyo— other]y, I, ..., |20, — cOnnectiong of graphG
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Stage 2

The objective of the second stage was to deterrtheeconstituent elements of the
individual parameters that characterize the trarigptation in the city transport network.

On the basis of an analysis of the papers conagthi investigation methodology of the
traffic intensity, one day, i.e. 24 hours was daddinto five time intervals (20). This is
tantamount to taking into consideration in the 8noéthe day the morning and afternoon rush
hours as well as the traffic in the evening andigttt.

dt = {dt,, dt,, dts, dt,, dts} (20)

where: dt — time of the daydt; — 6:00am-9:59amdt, — 10:00am-2:59pmdt; — 3:00pm-
5:59pm,dt; — 6:00pm-9:59pmits — 10:00pm-5:59am.

The distance covered during journeys within thg area was divided into two ranges:
d = {dy,d,} (21)
where:d — distanced; — short distance (up to 5 kna), — long distance (over 5 km).

Introductory investigations into the time of jouysewithin city areas demonstrated that
the greatest time differentiation occurs in thegearirom 5 to 30 minutes. Taking into
consideration the results of these investigatitms journey time was divided into seven time
intervals:

t= {tli tZJ t3) t4, t5, t61 t7} (22)

where:t — duration time}f; — up to 5 mint, — 6-10 min,t3 — 11-15 min,t; — 16-20 min,
ts — 21-30 mints — 31-60 minfz — over 60 min.

Four means of transport were used for trips incthyearea:
mt = {mt,, mt,, mty, mt,} (23)

where:mt — means of transporint — passenger camt, — public transportmt; — on foot,
mt; — other.

4. TRANSPORT BEHAVIOUR OF CITY DWELLERS

At this stage, an analysis was presented that sdkiertransport behaviour of the dwellers
of Polish cities. For this purpose, the resultsemgsed of the report entitled “Monitoring of
social attitudes in relation to sustainable tranSp@he research into the transport behaviour
of city dwellers was conducted on a group of thdeellers who trip in passenger cars (not
on business) at least five times in a week. Thespart behaviour of drivers in 94 Polish
cities was investigated [3].

When taking into account all the journeys that arade by drivers, two areas were
isolated, i.e. those travels that are realized iby dwellers on weekdays (Monday through
Friday) as well as journeys that are made on Saysrénd Sundays. On weekdays, the
highest percentage, i.e. 17 per cent, is travels fnome to workplace and from workplace to
home (Fig. 3). A high percentage was also obsemdtie case of relations from home to
shops (8%) and from shops to home (9%) (Fig. 3pdéming city travels on Saturdays and
Sundays, most of these are realized in the relatidrome-shops (11%), shops-home (11%)
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as well as home-visits to friends (9%) and relaiead visits to friend-home (9%) and
relatives (Fig. 3).

M transport tasks (journeys) - Monday to Friday transport tasks (journeys) - Saturdays and Sundays

20%

18%

16%

14%

12% -

10%

1 2+6 3 4+9 5 7 8 10 11 12 13 14 15 16 17 18+19 20

connection L

Fig. 3. The transport tasks (journeys) realized in thegoefiom Monday to Friday and Saturdays and
Sundays [3]: 1 — connectioh)(home-workplace, 2 + 6 — connectidg) (vorkplace-home +
connectionlg) next of workplace-home, 3 — connectits) ilome-shopping, 4 — connection
(I4) shopping-home, 5 — connectidg) fiext of workplace-workplace, 7 — connectid (
workplace-shopping, 8 — connectidg) Ehopping-next of shopping, 9 — connectik riext
of shopping-home, 10 — connectidp) home-visits to friend, 11 — connectidip) visits to
friend-home, 12 — connectioh4) home-escort, 13 — connectidg) escort-home, 14 —
connectionlgs) home-amusement, 15 — connectig) @musement-home, 16 — connection
(Is6) home-school, 17 — connectidr;) school-home, 18 + 19 — connectidp)(home-other +
connectionlg) other-home, 20 — connectidny home-home

Among all the journeys from Monday to Friday in theea of the selected towns and
cities, most of them were made in passenger ca@s)8Every eleventh journey was on foot
(9%) and only as few as 1% of travellers choseditye public transport to satisfy their
transport needs.

When analyzing journeys that are made in passezagsron weekdays, it was noted that
the highest percentage was constituted by jourireyse relation from home to workplace
(18%) and from workplace to home (18%) as wellnathe relation from home to shops (7%)
and from shops to home (8%) (Fig. 4a). On Saturdengk Sundays, the highest percentage
was travels in the relation from home to shops (Lafa from shops home (13%) and in the
relation home-visits to friends (8%) and relatiasswell as visits to friend-home (8%) and
relatives (Fig. 4a).

a) passenger car (Monday to Friday) M passenger car (Saturdays and Sundays)
20%

18%

16% 1

14% 1

12%

10%

8%

6%

4%

2%

0%

1 246 3 449 5 7 8 10 11 12 13 14 15 16 17 18+19 20

connection L

Fig.4a.Use of the means of transport depending on théaelaf the journey [3]: a) passenger car.
Marking of journey relations (connection L): cfgFB.
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In the case of journeys on foot, journeys dominatethe relation of home-shops (17%)
and shops-home (16%) on weekdays (Fig. 4b). Onr&ats and Sundays, the greatest
percentage was related to journeys on foot in ét&tion of visits to friends and relatives-
home (15%), home-shops (13%) as well as home-susiffriends(11%) and relatives (Fig.
4b).

b) on foot (Monday to Friday) B onfoot (Saturdays and Sundays)
20%

1 2+6 3 4+9 5 7 8 10 11 12 13 14 15 16 17 18+19 20

Fig.4b. Use of the means of transport depending on théarlaf the journey [3]: b) on foot. Marking
of journey relations (connection L): cf. Fig. 3.

The distances that are covered by the city dwelleder examinations is journeys over
short distances up to 5 kilometres (49%) as welbw long distances over 5 kilometres
(51%). From among those journeys that are realaredveekdays over short distances, the
greatest percentage was journeys in the relatidroofe-workplace and workplace-home (14
per cent each) and in the relation of home-shopssanps-home (13 per cent each) (Fig. 5a).
On Saturdays and Sundays, travels realized ovet distances are in the relations of shops-
home (17%), home-shops (16%) as well as home-h8#6¢ (Fig. 5a).

a) W upto 5km (Monday to Friday) B up to 5km (Saturdays and Sundays)
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10% -
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1 246 3 449 5 7 8 10 11 12 13 14 15 16 17 18+19 20

cccccc tionL

Fig.5a.The distance covered during journeys within the [@1: a) short distance up to 5 km. Marking
of journey relations (connection L): cf. Fig. 3.

Concerning journeys made by city dwellers over ldiggances on weekdays, the greatest
percentage is journeys that are realized in thatiogel from workplace to home and from
home to workplace (21 per cent and 19 per centemtsely) (Fig. 5b). On Saturdays and
Sundays, city dwellers most frequently travel ol@rg distances in the relation of home-
visits to friends and relatives as well as homés/i® friends and relatives-home (12 per cent
each) (Fig. 5b).
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CONCLUSIONS

The report on the communication behaviour of ciyellers demonstrated that in Polish
cities, it is the passenger car that is the donmganheans of transport. City dwellers travel in
passenger cars both on short and long distancespective of the duration of the journey.
This is true both of journeys that are realizedvweekdays and those that are realized on
Saturdays and Sundays. Such a high level of thefuysassenger cars in city travels generates
high external costs related to air and soil padlitinoise emission, road accidents and the
guantities of waste in the form end-of life vehgl€oncerning these alarming results, it is
justifiable to conduct research into a reductiohef use of passenger cars in city travels. The
author of the present study uses the model pred@fta sustainable urban transport system
in optimization investigations related to the mimation of those external costs that are
generated by city travels.

b)

22%

over 5km (Monday to Friday) W over 5km (Saturdays and Sundays)
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Fig.5b. The distance covered during journeys within the [@}: b) long distance over 5 km. Marking
of journey relations (connection L): cf. Fig. 3.

MODELOWANIE ZROWNOWA ZONEGO
SYSTEMU TRANSPORTOWEGO W MIASTACH

Streszczenie

W pracy zaprezentowano problematykodelowania zrownowanego systemu transportowego
w miastach w odniesieniu do zaprezentowanej anataghowa transportowych mieszkadw
polskich miast. Analiza zostata przeprowadzona wiiexieniu do relacji poddy miejskich
realizowanych przez mieszk#w miast w dni powszednie (od poniedziatku dtkp) oraz w soboty i
niedziele. Zaprezentowane wyniki badachowda transportowych mieszkadéw miast odnogzsie do
grupy oso6b (kierowcow) wykomglych przynajmniej pt podr&y samochodem osobowym (nie
stizbowo) w cigu tygodnia. Uwzgtniono kryteria: rodzagrodka transportu oraz dystans podyo
miejskich.
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