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DECISIONS OF HYPERMARKETS LOCATION IN DENSE URBAN A REA —
EFFECTS ON STREETS NETWORK CONGESTION IN THE BUCHAR EST
CASE

Summary. The paper represents some partial results ofetbearch carried out by the
Transportation, Traffic and Logistics DepartmentUniversity POLITEHNICA of
Bucharest, funded by the Romanian Ministry of Redeand Education through the
National University Research Council. In this paperprovide: a brief description of the
interrelation between the life style changes of Boian people during the last decades
and the car traffic congestion in large cities; tieets network modelling of a radial-
circular urban structure (the characteristic ofistdnically developed city as Bucharest
city is), in case of car traffic congestion; theessment model of the additional car traffic
congestion for certain locations with large attraigt. Having an important effect on the
entire lifestyle of urban people, the decision ohypermarket location might be a
complex one, taking into consideration the newuigisand shopping tendencies but also
the additional car traffic congestion caused byctihesen location.

OITPEAEJIEHME MECTOHOJIOXXEHMA CYIIEPMAPKETOB B 30HE .
[JIOTHOU I'OPOJACKOU 3ACTPOMKU —BJIIMAHUE CI'YHIEHUA YIIMYHOU
CETH HA ITPUMEPE BYXAPECTA

Pe3tome. CtaThsl mpencTaBisieT HEKOTOPHIE YAaCTUYHBIC PE3YNbTATHl UCCIEIOBAHUMH,
BBHIIMOJIHEHHBIX ~ KaelIpol  TpaHCIOpPTa, JOPOKHOIO  JBIDKCHHS U JIOTHCTHKH
[Momurexunyeckoro  YHuUBepcutrera  byxapecra, (HHAaHCHPYEeMBIX  PyMBIHCKHM
MunuctepctBoM Haykum u OOpazoBanusi uepe3 HaunonanbHBI YHHBEPCHUTETCKUI
UccnenoBarenbckuii CoBer. B 3Toil cTaThe MBI MPEAOCTaBISEM: KpaTKOE OMHCAHHE
B3aMIMOCBSI3M MEXIy H3MEHEHHSMH OO0pa3a J>KH3HH PYMBIHCKHX JIIOJe B TEUYCHHE
MOCIEAHUX JCCATUICTUA U aBTOMOOWJIBHOH JOPOXKHBIX MPOOOK B OOJNBIIMX TOpojax;
MOJCIUPOBAHUE YIMYHOH CETH  pagualbHO-OKPYKHOM TOPOACKOM  CTPYKTYpBI
(0cOOCHHOCTh HMCTOPUYECKOTO pPa3BUTHs TOpoja, TAaKoro Kak byxapect) B ciydae
aBTOMOOMIILHOM TIPOOKH HA TOPOTE; MOJEIH OICHKH JTOMOJHUTEIHFHOW aBTOMOOMIBHON
JOPOXKHOW  TPOOKM s ONpEACIICHHBIX  MECTOIMOJOKEHUH ¢ OONBIIMM
MpHUBIIEKATETHHOCTHIO. OKa3bpIBasi BAXKHOE BO3/IEHCTBHE Ha BeCh 00pa3 JKM3HHM TOPOXKaH,
OTIpEe/IeTICHNE MECTOIOJIOKEHHS CylepMapKeTa MOTJIO Obl OBITH CIIOKHBIM, YYUTHIBAas
HOBBI JIOCYr W TEHICHUMU TOCCIICHUS Mara3uHa, a TakKkKe JOMOJHUTEIbHYIO
ABTOMOOHMJTLHYIO MTPOOKY Ha JOPOTre, BEI3BAHHYIO BEIOPAHHBIM MECTOTIOI0KCHHEM.
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1. INTRODUCTION

The beginning of the new millennium is charactetiby the significant globalization and, in
almost all the emergent countries of EU but notyprdre experiencing the high rate of GNP
increasing.

As a consequence, the rate of motor-vehicle owigeistguite high, especially in the large cities
of those countries. Car ownership is one of thetnimportant factors for shopping behaviour
changing. The people left their daily shopping wedkthe small grocery centre, “from the street
corner” and drive to the hypermarket, weekly or enarely.

To drive to the hypermarket is a particularity loé tAmericans because of the very dispersed rural
areas. They have to drive for long drive to buy tleeessary goods and because of the expensive
travel cost the amount of the provision is quitgda

Is this type of behaviour sustainable one? A |ditefature try to answer and analyse that, and it
is obvious that a certain and strong argued pdiwisav is not offered by now.

The earlier studies reveal that the attractionthefoff-centre opportunity dominate the shopping
behaviour of the car-owning households and the EHckar is associated with elements of social
disadvantages [2].

The necessity of a more comprehensive framewoiknafysis which covers not only effects on
competitors but also impacts on consumer behavidrchoice, travel patterns, and traffic flows af th
off-centre shopping areas was outlined even mar&edrhat paper identifies the major parameters
influencing the extent and nature of impacts byw retail development [14].

A comprehensive analysis of the reallocation obueses and power within the sphere of urban
commerce, the emergence of new consumption landscapd the recomposition of urban form in
relation to commerce is made for the Istanbul §&h

A useful analyses of the commercial behaviour charig case of large cities in South and South-
Eastern part of Europe, named by their author “Medinean” cities, is made recently, in several
papers [3,4], and also there is a strong interesartalyse the shopping location and shopping
behaviour in the large cities of the latest entefed countries (Prague, Warsaw, Krakow,
Ljubljana...) and Associated Countries (Zagreb, Ljputd) [3,7,9,13,15].

The interests at European Union research and pt#igis is increasing and some studies are
carried out by the LUTR cluster, which links seveatiferent projects supported by the European
Commission through th€ity of Tomorrowkey action. The main LUTR themes are: land use and
transportation interaction; impact on the environtjé]. The PROSPECTS project from the LUTR
cluster is designed to help city authorities mbetdhallenges set in "The Common Transport Policy"
which advocates the achievement of sustainablelityobi

The references related to the paper subject arkngeaith travel behaviour variables (trip
frequency, shopping duration, and modal split) gligagated by key demographic characteristics (age,
gender, income, car ownership, and household skmjeral striking shifts are apparent: people shop
less often and for longer periods of time and ess likely to walk to shopping locations.

Some of the municipalities from developed WesteunoBean countries are preoccupied about
the shopping centre settlements and already protietguidance rules for that [6].

The present paper provides an assessment mod#iefancreasing of car traffic congestion in
case of hypermarket location decision, taking iebasideration the shopping behavioural changing
following new world tendency, a certain urban dstiwe — circular-radial one, changing of urban
locations (zones) attractivity, the streets capeg;iand the user’s costs.

In the next section we present the most importpatificities of the Bucharest city related to the
new way of life and shopping behaviour, and thecosigestion continuously increasing.

The third section is dedicated to the assessmedehifor the car traffic congestion in different
cases of hypermarket locations, and in the lagiosewe draw the important conclusions and point
out the necessary research developments.
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2. NEW LIFE STYLE IN BUCHAREST CITY

2.1. Car traffic congestion

Bucharest is a city with historical evolution aslives most of the European important cities. In
the beginning it was extended on the river shdren tincorporated both shores (as Vienna, Budapest,
Paris etc.). The Bucharest street network has 5846ts with a total length about 1820 km and a tot
surface about 228 sq km. The public surface roemgth (trams, buses and trolleybuses) is about
2,000 km, served by 1,500 vehicles per day (abdaili.2of trips per day) having the public authgrit
management.

There is also an underground network with 45 statiand 63 km length (average distance
between stations - 1.5 km) and about 60,000 tdpg./The Bucharest City has a circular-radial stree
network structure with a major central boulevamhirthe North to the South of the urban area (see
Figure 1).

Bucharest has about 2 million inhabitants and aerage density population about 8107
inhabitants/sq. km, that is quite high comparinthwather European capitals.

On Figure 1, one can observe the main arterialsaat the circles representing congested
intersections.

Romania is a car producer and car importer. Duthwg last years, we are faced with huge
increased sales of cars (Tab. 1) [1]. Obviouslat thas happened because of the continuously
increasing general economic development (about p&fgear — average rate), and of GNP.

Table 1
The last years’ sells of passenger cars [1]

Variation
Year Total car sells (previous year/current year)
2002 88804 -
2003 106763 20.2%
2004 145106 35.9%
2005 215532 48.5%
2006 256364 18.9%
2007 315621 23.1%
2008* 144988 -0.9%*

1273178

*only for the first 6 month of the year.

Even if during the last 6 month of 2008 the caesahate slows down, there is still an average
amount about 200 thousand of yearly additional ocarthe Romanian transport market. In Bucharest
city in 2007 were running about 1.1 million carsldhe car traffic in central zone was between 20,00
and 50,000 cars daily and it is continuously insireg

The streets’ infrastructure is almost blocked +¢he no more additional space for the capacity
developments. Moreover there was a quite slowagtke rehabilitation works of streets surface. The
public transportation has no high quality to attrpeople from daily car trips. A large portion of
Bucharest's inhabitants are public transportatiaptiges.

2.2. The life style changes
Under the previous regime, retail was limited, ganweent owned, and centralized not spatially

but administratively. There was an easy way to rierket places structuring because the sales
inventory, stock structure, management, pricing] ataff, and so on were all centrally controlled.
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Many Romanian cities had small general stores nesidential areas (most of them as multilevel
small flats), but the goods inventory was very poor

Fig. 1. The main roads network and urban struatfiBucharest area
Puc. 1. OcHoBHas TOpOKHAS CETh M TOPOJACKAs CTPYKTypa 30HBI byxapecra

Beginning in the mid 1990s, however, and withirsltfsan a decade, a substantial portion of retail
purchases was taking place in hundreds of hypeetarkhese are large (sale space of over 2500
sg.m.), modern and many of them luxurious. Manthem were located at the edge of or even outside
the municipal boundaries. All of them have foreaymers as large West European retail chains. This
changing in retail structure, scale, ownership, owhtion was experienced for all post-socialist
countries in Europe. Table 2 shows this changingvaiership type, and of shops number by surface
area [8]in Romania. The small shops from the ground fldothe residential blocks from the large
city changed ownership from state to private orea@so changed the activity profile (small business
small offices, banks...). The small shops still agmin rural area.
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Table 2
Changing of the commercial network of retail shops
Area Number of shops of which, by type of ownership
category Public owner d Private owner d
2003| 2004 2005 2003 2004 200% 20083 2004 2005
Upto 120 | 1274| 124727 139992 1555 45 28 125981 124682 139964
sqg.m. 86
121-399 | 5942| 8795 6748 62 17 13 5880 8778 6735
Sg.m.
400-999 | 1177| 1119 1235 9 6 7 1168 1113 1228
Sg.m.
1000-2499 | 387 252 305 7 2 1 380 250 304
Sg.m.
2500-4999 | 38 70 91 - - - 38 70 91
Sg.m.
5000-9999 | 33 25 41 - - - 33 25 41
Sg.m.
10000 sg.m| 9 15 15 - - - 9 15 15
and over

After 2001 there was a location period of thesgdahypermarkets into the inner centre of
Bucharest city because of the lack of investmentréad capacity developments, especially those
going to the suburbs. Having or not enough parldpgces for customers, without any car traffic
studies, a lot of hypermarkets settled straigth@&most important congested intersections.

The labour forces market changed also: new wedl s entered; young generation is forming
the so called ,middle class”; the job productivisyincreasing and people need more leisure and rest
time than previously; Romanian people are travgliifot out abroad.

Even the lower class people were tempted to gd¢oldrge shopping centres: the prices are
lower, for the most of food goods, but not onlye tfuality in most cases is better and guaranteed,;
there are a lot of leisure places located in tineesshopping centre.

3. ASSESMENT MODEL OF CAR TRAFFIC CONGESTON WITH RE GARD TO A
HYPERMARKET LOCATION

3.1. Circular-radial streets network model

The goal of the section is to meet the specifigitifthe Bucharest city, without compromising the
generalities in case of other cities having theesatructure. We consider for that an unorienteglyra
with links and nodesThe graph links have different lengths, capacisied cost functions. We
consider four length categories; >1, >1; >15 [11], starting from the current situation in

Bucharest, but any other taxonomy is allowed (thedeh generality is preserved). The links
characteristics are shown in Table 3.
The users’ costs function, per km and hour is:

c =c, +a(f /q,)" [10% monetary units/km/h], (1)
where ¢, - the utilization cost per km and hour for a paggeercar unit (pcu) in average conditions; the
exponent 7 was selected according to literaturg Hidiling a surplus of 2 units to the 5 recommended
for outlining some external effects generated hytedfic, c;— the free flow utilization cost, related

to the link type and capacity (the link capacityriiuenced by the maximum legal speed authorized,
which is related to the road pavement status) fpassenger car unit (pca), - a coefficient whose
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level balances the standard trip time value duttiegworking day hours with the travel lost timeugl
of an average driver in Bucharest [12].

Q‘l,fl,Cl ql,fg,cl

— Existing road
capacity;

— — Planned

additional road
capacity

Fig. 2. Simple radial-circular street netwotk<{ capacity, |- length, ¢— cost functiop

Puc. 2. VipouieHHas paananbHO-OKpYKHAs yIH4Has ceTh (G — emecmumocme, |y —onuna, G — pyHkyus yenl)
Table 3
Links characteristics: type, capacity and userst fienction
Tvpe Capacity [pcu/h/way] Unit users’ costs function
yp pacity (p y [10? monetary units/km/h]
Three or more lanes per way 6,009 (g 3+ 3.6(f/q3)7 ()
Two lanes per way 4,0004q 3.2+ 3.8(f/q2)7 (c2)
One lane per way 2,0004q 3.36+ 4.O4f/q1)7 (c1)
One way 1,500 ¢ 3.36+4.04q,)" (co)

The trips are assigned on the network itineraries)g an incremental traffic assignment method
[10], assessing the users' costs for each of thetradfic increment is added, in different locatioh
shopping centres strategies. The total users’ dwnshg the average hour for entire streets netvisrk
computed.

3.2. Different hypermarket locations and the effed assessment

We consider as the assessment model’'s hypothesefoltwing issues, to assure no other
influences on congestion extending except link $yfieks capacities and user cost functions:
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- each of the streets network’s node representstladseone centroid; the entire network has N
centroids, equal to the network’s nodes,
- each of the centroid, has the same generation and attraction poteatig,for the shopping

purposes; let us denote them W@q and respectivehA. ,

- when a new hypermarket location is chosen (i.ekthede), the attached zone centroid to the
node k node will have the attraction potential severaies higher then “no-hypermarket-

location” case, A, =nlA;, wherenJ[J T (n>1),
The added attractivity potential of tkenode is theldA, = nA, — A, = (n —1)Aj

- all the other nodeg with j #k will have a higher and equal shared generatioerpiat
comparing to “no-hypermarket-location” case, inesrtb balance the additional attractivity of

theknode; AG; = LA .
N-1
We used a gravity distributional model for the setcstep of the demand modelling. The
deterrence function is a power function on the minn length between the origin-destination (O-D)
pairs of nodes, with — 3 as parameter
For the assignment step we used an incrementallmaiel in case of congested networks. The
increments had typical values: 40%, 30%, 20% afd @Dtotal amount of the O-D trips [10].

Strategy I: “no hypermarket location” (no H) — iiitdnave uniform spatial distribution.
Strategy Il: “hypermarket location in the 15 nodell5) — retails concentrated in the inner centre of
the city (see Figure 2).
Strategy llI: “hypermarket location in the 7 nodél 7) — retails concentrated outside the innerreent
of the city.
Strategy IV: “hypermarket location in the 18 nodel 18) — retails concentrated outside the urban
area into the 18 node/zone centroid; the node t8risected to the 7 node by the link (18,7) with 2.
km. length and one lane per way.
Strategy V: “hypermarket location in the 18 nodeéhweasy access” (H 18A) - retails concentrated
outside the urban area into the 18 node/zone ddraad the link (18,7) has a developed capacity
from one to two lanes per way.

Table 4 depicts the results of the car traffic gmsient for the test values of the attractivity and
generation.

Table 4
The total users’ cost of the streets network ifediéint hypermarket location strategies
The Zone's attractivity | Zone's generation| Total users’ costs| Total users’ costs
hypermarket [pcu/h] [pcu/h] for the entire for the inner circle
location network area of the networ}
strategy [10? monetary [10? monetary
units/h] units/h]
No H 500 500 51993 -
H15 2100 600 61624 25812
H7 2100 600 63043 21468
H18 1700 600 76536 21237
H18A 1700 600 73865 21237

If we consider the decision problem of a single dryparket location, the results of the model
indicate in short that the users’ cost and thetredific congestion at the entire network level @ese
with respect to the distance from the city centiedé 17). The car traffic congestion diminisheshen
inner circle area of the street network if the hyparket is located towards the external circlehaf t
network. A single hypermarket located outside ef ¢ity will produce even more car congestion. The
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congestion level depends on the capacity of thel rirsking the city area and the suburban
hypermarket location.

4. CONCLUSION AND FURTHER RESEARCHES

Most cities from the emergent economies have te &abigh rate of car ownership rate, usage and
car addicting. The car dependency is even highra@hBoshopping purpose. The new life style in large
urban area in developing countries is accomparyatéfollowing major difficulties:

- high general development rate and an increasirgyafatvork productivity — short time for

rest, leisure and shopping for an increasing nurabirhabitants,

- high density of activities and car congestion i tity centre,

- no important development funds for the transpdrastructure towards the suburbs,

- increasing attractivity of the land market and nawd larger hypermarkets developments,

which are less often small and close to resideatizh shops.

The paper points out the necessity to asses thei@®s effects of the new hypermarket location
of large and dense urban area in developing cayrd@pecially as the car traffic congestion in@sas

A new hypermarket location changes the generatighattraction potential of the entire area and
produce additional car traffic related to the dist from the city centre. The car traffic congestio
diminishes on the inner circle area of the strastvark if the hypermarket is located towards the
external circle of the network. A single hypermarkeated outside the city will produce even more
car congestion, and its level depends on the regéaity linking the city area and the suburban
hypermarket location.

For a comprehensive modeling of the effects assassin case a new hypermarket location is
decided, the further researches have to be coesider

- modeling of the location decision in case of mdrant one already acquired hypermarkets

locations and their influences on car traffic castigm, taking into consideration only the
dedicated zone for the shopping activity,

- the influences of the car parking spaces (propeftyhypermarket) on the car traffic

congestion,

- the real preference of the customers regardingytiesof goods, introducing the type of goods

and the distribution of shopping circle periodscan traffic congestion and structure.

The core model presented in this paper is usedh@rsimulation with real data, using the
TransCAD software packages, for the Bucharestozisge.
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