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1 ABSTRACT

Complexity of spatial structures both urban andam@ expresses the processes of transformation — a
intertwining mechanism of emergence, growth anfiagdptation. The driving forces of these processes

of rooted in social and economic change therefoeg tire not feasible to foresee. Uncertainty hasrne
one of the most important characteristics of spatenning. Spatial transformation has to be cozrgd as
possible scenarios rather than a final form todieexed.

Planning of more and more complex spatial strustiséoecoming interplay between policies, managémen
of change and simulation of the effects of spatitarventions. Traditional ‘stable’ plan cannot<séficient
anymore. Model of the city should express not giiysical order but also flows and relationshipsveen

its elements. This model has to allow to test pdahspatial interventions and simulate spatial ¢ffe€these
changes.

In our paper we will demonstrate a few tools whiaight be useful to foresee the spatial transforomatBy

using simulation models we are exploring the opputies of creating imaginary structures and sttidy
possible effects of the spatial intervention. We axamining the way these tools could affect proads
creating new kind of dynamic plans. We are diseuggsidvantages and limitations of this new toolsvel

as form and content of dynamic plan.

2 INTRODUCTION

Cities and regions have been planned for millenRianners — whether they were builders, architects,
urbanists, surveyors or lawyers — tried to antigipghanges and imagine the future pattern of dpatia
structure. They arranged the civic activities i #igoras and commerce in the market squares. They g
certain rights to the towns supporting new ordeurdfan settlements in medieval Europe. They imabine
monumental axis and social housing neighbourho®tsy conceptualized new models of the cities. Yet
since urban growth has exceeded the level of hdsdoé thousand inhabitants the future arrangentbat,
urban layout, the plan is beyond the imaginatioraalesigner. Planners need more specialised tools t
foresee the change and conceptualise the effethiofintervention. Complexity is increasing.

3 CONCEPTUAL FRAMEWORK OF URBAN STRUCTURE

The conceptual framework for analysing urban stmects still being discussed. One of the imporiasiies
determining this debate might be that there is learcagreement about the meaning of ‘urban stretctur
This term could be simply understood as a way inclwhand use of the city is set out, but that doet
reflect the complexity of the problem. This meanimigrors only a stable, fixed picture and only @spect
of the urban structure.

We define urban structure as a mixture of 3 comptmégl) an order of the urban elements, (2) tipauste
sub-systems joining these parts into entire, cormpiganism and (3) the fabric of the city, its plogsform.

This is an easy way to notice than the ‘order’ iste abstract — we do not talk about any specific
arrangement, we only indicate that there is a setbprban elements. If there were no flows and
relationships between urban elements — this patteuid not play an important role in urban struetuBut
the fact is that there are flows and relationshigtsveen distinct elements and they influence timeposition

of the city. Indeed, they shape urban structure.

Conversely, what we defined as the ‘joining sulteays’ has a clear physical form which allows thiéses

and relationships to materialise. These are thevarks of different kinds: transportation, infrastiure,
communication. They allow to implement contactsmeetn components of turban structure, they represent
essential, indispensable relations between aetvitiGenerally flows, relations and connections are
considered as the most important component shapban structure.
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We need a conceptual framework to describe, analydainderstand urban structure able to explaimgye

in which it performs and produces spatial effeMany theories have been used as foundations of guch
framework. They are usually rooted in social, eeonivoand environmental sciences. For the last 5@syea
systems theory and physics have been exploredsasirae of ideas which can help with comprehensive
theory.

One more factor has to be considered: planningipeadll the theories claim to explore urban stme not
only to satisfy enquiring minds of few researchaus also to respond to the need of creating andagiag
complex urban structure.

‘But, if all communities aim at some good, theestat political community, which is the highest 8f and
which embraces all the rest, aims at good in a gpeaegree than any other and at the highest good’
explains Aristotle in the first book of Politicsq@8). For him ‘the state’ meant ‘the city’ as tiias the form

of the state he knew and studied. Following Arlststvision we can assume that urban managemerst aim
public good. While the goal of enterprises is tor@ase economic profit the goal of the city haskibeo
increase social profit.

Management means also that effects of spatial pseseor interventions have to be foreseen. THisiés
about management of any type. Management referhedofuture. Steering, governance or even only
mundane dealing with urban problems require a risibpossible effects of the decisions. This shdadd
based not only on speculations or intuition bubas well defined criteria. In other words one reéd
simulate spatial scenarios for the future. The ephwal procedure reflecting forces which generabam
structure and foresee urban structure itself h&e tefined.

4 URBAN NETWORKS. THE RANK-SIZE RULE AS A REPRESENTAT ION OF FORMULA OF
THE URBAN NETWORK AND STRUCTURE

In order to foresee spatial effects of processesriofnisation one need to define (or discover) ntan
driving forces or general rules which influence aodtrol the performance of an urban system. Thalss
are not models — they simply occur and perform iwithe urban system. They might be considered g ki
of lex naturalis

One of the most striking regularities of urban ratwis widely known as rank-size rule. The idea tha

size distribution of the cities within a defineecar(country, region) can be approximated was datied in a
precise way in 1913 by Auerbach (Auerbach, 1918)taen redefined, among others, by Zipf in 194pfZi
1949).

This regularity has been commented and interprigedhe last half-century and it seems that it fasn
revealed its full spectrum of possible explanatigeis

The construction of the rank-size rule is, from thethematical point of view, surprisingly simpleugkbach
(1913) suggested that the form of the size didtiobwof cities takes the Pareto distribution.

Zipf (1949) developed this rule claiming that thistidbution of cities could not only follow the Rdo
distribution but take a precise value of contragdex =1. The final form of Zipf's Law is:
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where:

P, is the population of the biggest city within aidetl area,

P, is the population of the city located on the j piosi within a defined area,
j is the position of the city in the size distrilmuti

When one calculates the natural logarithm of timé i@nd of the city population the resulting grajptptays

remarkably regular log-linear pattern. Followingp#$ assumption that contrast indax= 1, the resulting
graph creates the angle of 135 degrees with thedmal axis.

The significant regularity of rank-size distributi@pplies to the different spatial scales and wiffetimes.
This is clearly visible on the graph 2a, 2b andpBesenting rank-size rule relating to region andntxy:
Spain and its provinces, continent: Europe and fi@an countries and the world and continents.

The same regularity can be observed in relatidimte — rank-size rule relates to different periods.

Presented data may mean that there are drivingdable to keep urban networks in accordance aitk-r
size rule. Nobody can ‘plan’ this order, nobody revean even influence this regularity easily. This
phenomenon reflects the self-organisation abilitthe urban system.

The next significant conclusion of the study of thek-size rule is that two driving forces can beady
extracted.

T
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Fig. 2. Rank-size distribution of (a) Spain anditsvinces in 1998, (b) Europe and the Europeantdeasrin 2000 and (c) the world
and the continents in 2000.

One of them ioncentration — as a consequence of the best possible distibafi the activities in the
given network of contacts. Concentration is the tmoeticeable’ feature of spatial arrangement. Many
studies have been conducted concerning concemratioom describing this phenomenon to measuring it
(i.e. Clark’s and Newling's rule, Gini concetraticattio, Lorenz curve). What is especially fascingtis the
mechanism of concentration in real spatial proe<Sencentration itself is the result of this methan.

The second idierarchy as an expression of the predilection for the sgifnisation of an urban system.
Actually we can consider hierarchy as a way of ngamgaconcentration. Quite evident is that urbanesys
are not ‘flat’, quite the reverse, there is strdegdency to structure the network. Hierarchy is, dng
probably the most efficient, of the possible paisenf this structure. It is likely that rank-siade expresses
very a important driving force shaping urban stuuet

In this paper we consider concentration as a re@éudbntacts shaping urban structure. Using thenitien
of urban structure defined in section 2 and asreegtual framework of urban structure and the 1sin&-
rule as an expression of the rules of urban presess& will focus on opportunities of modelling sphat
scenarios for the future by using simulation mod@ncentration as a result of contacts can belatediby
using mathematical models of this process. Inghjger we will use the intervening opportunities slaxhd
explore the possible application of this tool inlerto foresee spatial effects of urban interventive will
deliver an interpretation of the results.

5 MODELS IN PLANNING

Models represent the reality, they are not reatgglf. If the real world is being considered asyatem in
terms of system’s theory — the model represenystemm. Different kinds of models can be definedigital
(or ‘analogue"), iconographic, conceptual, abstidodels have been used in urban studies and pigriar
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millennia. Traditionally they were and still areysital or iconographic models (mock-up development,
sketches, plans, designs), sometimes they weredaceptual if we agree that this kind of modelssudeas
to represent other ideas (descriptions, manifestagters).

Among widely known conceptual models of urban dtrresthere is the concentric zone model descrilyed b
Burgess in 1925 or the sectoral model examined byt th 1939. Lynch (1981) defined his models in a
different way — as cosmic, practical and organiarérecently, this kind of conceptual models déssi
polycentric metropolises, city-regions or eco-Gtie

Since the 1960s the focal point has moved towdsdgact models describing relations and flows ratinen
physical form. The typical language of this kindnebdels is mathematics. The explored relationsoétem

so complex that they require differential and iedetinate equations. Widely discussed models inrurba
studies were: linear programming, diffusion modBERT, regression analysis, Lowry-Garin spatial
allocation model (Garin, 1966; Lowry, 1964) urbaynamics (Forrester, 1969), cellular automata (Batty
1997, 2005), gravity model (Voorhees, 1965), intaing opportunities model (Stouffer, 1948).

Models can represent chosen aspects of the urtsiensy This characteristic is especially importamt t
understand the nature of the real process. Modgis aften reduce the analysed elements and retdtiips
in order to follow extracted processes. Simulatioodels are a specific group of models which allow t
‘experiment’ on them instead of experimenting oa thal system. Simulation models are especialljulse
when experimenting on the real system is extremidficult or may produce a serious danger to thetey.

6 ALLOCATION MODEL BASED ON THE MECHANISM OF INTERVEN ING
OPPORTUNITIES

6.1 Concept of intervening opportunities

There are two groups of models representing thetsire of contacts (relationships between compahemt
urban structure. Assuming for urban research thiatacts are mostly responsible for shaping urbarctsire
this kind of models plays a fundamental role inirdafy rules and mechanisms of relationships prauuci
spatial effects. The first group is based on tlevity model whereas the second group is based eieds
used intervening opportunities model.

The basic concept of the intervening opportunitiezdel formulated by Stouffer (1948) is that thep tri
distribution is not directly related to distancet ather to accessibility of opportunities. Assugithat
people travel in order to satisfy their needs, Bévuanalysed the behaviour of an individual chogsi
possible destinations for a particular trip. Steutheorised that the migration between origin @estination
places depends not only on number of opportungiiesn by the latter but also on the amount of wgaing
opportunities between these two analysed placesuffSt's assumption was that these intervening
opportunities form a set of occasions competindp whe final destination which is located farther.other
words they may stop the trips from going to thalfidestination by offering them opportunities tbisg
their need (trip finishes when the particular neeshtisfied). The distance in Stouffer’'s concepmxpressed
in the number of opportunities not in typical unifsmeasurement like kilometres or miles. Howevtke,
occasions are arranged in the order of increassigrite.

Schneider (1959) proposed a modification of Staidfmitial concept using probability as descrigtitool.
The mathematical tool requires assumptions conugithie spatial decision making process. The streaifi
this process describing ‘average’ human behaviotinis regard is as follows.

In order to supply his/her needs an individualsttie involve the lowest possible effort. This isywie/she
looks for opportunities starting from the place wehene/she is located (this can be the place of
accommodation, business, school, etc.). The neacesision can be rejected if it does not meet ddfin
criteria. Given the variety of motivations it i&eily that the first occasion cannot fulfil the egfaions of

the travelling individual. In the case of rejectiba/she has to continue his/her travel. The thipiteates
when the opportunity is accepted. Of course thegdmodel cannot follow each individual motivatiand

has to construct statistical profiles of the ‘tlée#es’. The trip is represented by the draw whiclynend with
acceptance or rejection of the occasion. Conselyyeghe decision-making process is represented by a
random variable which can have two possible valsescess or failure (accepted or rejected occasion)
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In other words the process of executing the corita@chneider’'s concept is represented by the sefie
draws (CATS, 1960). Each draw can finish with faglfoccasion has not been accepted, trip continures)
success (occasion has been accepted, trip tersinatenathematical terms this is a Bernoulli dlattion.
Schneider’s hypothesis states that the probalitigy a trip will terminate in some volume of deation
points is equal to the probability that this volumentains an acceptable destination multiplied oy t
probability that an acceptable destination closéhg origin of the trips has not been found.

We will skip here mathematical description of thedal but we have highlight two its important feasur
First, in mathematical terms we instead of usirgdiscrete distribution we have to shift our coasidion to
continuous distribution. Considering each sepacaeasion within a big urban structure could be very
difficult or even impossible. This is why it is g@ireasonable to aggregate both the starting pofritee trip
(origins) and the opportunitiesléstination} from the defied areas into nodes representing tidese areas
have to be precisely defined to represent thetyedhor example each point within an area has to be
accessible in 5 minutes which seems to be a paggaioximation in the city of 500.000 population.isTts

the second simplification. Furthermore, the desitimanodes can be arranged into zones which are
accessible using more or less the same effort (meds.e. in distance, time, money) from the oridihis
simplification is acceptable when one calculatasdneds of thousands or sometimes millions of ooresi

The only parameter of the intervening opportunitiesdel is the selectivity. This parameter expresses
feature of being finicky. In other words selectivity represents inclinatim accept substitute. Of course this
inclination relates to need. The more complex @hsiicated need is the less likely it is to bdaepd with
the substitute. For example, the process of chgasitk or croissants for breakfast is quite simpfeour
favourite croissants are not in the nearest bakergan go to the next shop but it is not likelyt tha would
go to the city centre trying to get the ‘best ev@dissants for breakfast on Wednesday. The seilgctiill

be ‘soft’. The selectivity rises when the good fsh@gh rank. When we select univeristy or holiddgqge
location wouldn't play that important role. In thigse selectivity will be very ‘sharp’. From theaexples
clearly show that selectivity relates to lifestgled level of civilization of a given society.

6.2 Allocation Models: Allocation of the Destinations Mbdel

Using Stouffer’'s and Schneider's concepts as a Egseer (1972) developed a theoretical and formal
simulation model emphasising the process of geingrabncentration as a main driving force shapirizpo
structure. Intervening opportunities mechanismerihg the contacts within this structure seemebe@n
ideal tool in this respect.

Allocation models based on mechanisms of intengmipportunities (Zipser, 1972) mirror the procets o
shaping patterns of concentration by relocatingiorand destination activities looking for a balar(or
more widely — equilibrium) in urban arrangemente™iven, stable element in these models is acGktysib

— in practice the transportation network — whileyuag the chances of different urban elements to be
explored as destinations. This determinates theeantan structure.

It is essential to remember that allocation modeftect only one particular aspect which shapesanrb
structure — contacts are additionally limited te #ind of extracted contact (i.e. home-work, howmistre,
work-services, etc.).

Many kinds of allocation models have been defir@de of them isdllocation of the destinatiohsmodel
which is very useful in studying tendencies of anmteation. At the beginning of the simulation prexe
urban structure is defined by the nodes repregprdiigin and destination activities. Origin nodeg a
‘starting points’ of travel aiming at satisfyingraular needs in destination nodes. The valuehefriodes
depends on the kind of contact. For example ongilue in contact home-work are residents wishing to
work (in practice all adults) and destination valre workplaces. They travel using defined transypion
networks (different kinds of networks can be usedasls, rails, public transport, etc.). The basguanption
is that a good measure of attractiveness of theeptahow many people look for satisfaction of itmeied in
the particular place. This is why the process ofuation is based on allocation of destinationsrfrihe
nodes where they haven't been accepted to the ndusre surplus of arrivals has been noticed. Tiniglgs
in reality means unsatisfied need.

As the ‘allocation of destinations’ model ensuneeflom of choice in accepting the occasion, thé¢ step
in the process of simulating urban structure isave destination activities from the nodes in whinére is
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shortage of arrivals (acceptance) to those whexgrlus of arrivals has been registered. This phaeeis
repeated until the entire system achieves a baldrtie is to say — until the number of arrivalseach
particular node equals the number of destinatidinities in this node.

The big advantage of this model is that one can‘insggined’ data in order to test the reaction loé t
system. For example simple population volume candeel as origin value to verify trends of concditna
while destination value can be different from ngafi.e. destination value can reflect plannedyfetstate).
Different networks (including those not yet exiglitan be used as a base of circulation. Thuscaiion of
destinations’ model can be used to study spatiatsf of development (both planned and unplanned).

Summing up, the representation of the ‘real waridhe ‘allocation of destinations’ model is addols:

* nodes represent urbanised space,

« the transportation network defines accessibilityhef nodes,

e origin and destination values are located in theeso

« the selectivity parameter expresses adequate f@wentact profile.
The result of the simulation process does notctftbe possible future’ — it reflects trends aerddencies.
Analysing procedure of simulation one has to urtdesthat

« when using simulation models of urbanised spacemawikls reflecting the concentration process —
they reflect only chosen aspects of reality, theyreot reality itself;

» only one kind of contact is being taken into acdairthe time.
The model does not give ‘direct’ answers; the itssshould be studied and interpreted.

6.3 Simulation Data and Process of Modelling

One of the best possible ways of verifying the ulpefss of the simulation models is to test whethey are
able to reflect reality. This is to say that onae easume that the model represents the real wretdsely if
the model can produce the existing state of anyaedlaspect of reality. This depends also on dsgd tn
the process of simulation.

The big advantage of the ‘allocation of destindtimodel is that we can use quite simple statistizh and
descriptions of the transportation network.

This procedure will be illustrated with the casettud simulation of the European urban structure. &
was to follow trends of concentration in Europe.u®e data were 123 nodes representing FUAs —
Functional Urban Areas defined in the ESPON AtBSKHON, 2006, pp. 29) supplemented with a few
chosen cities from Eastern Europe. The Functiombak) Areas consist of wide territories, but in pinecess

of simulation they are represented by nodes locatdke junctions of the transportation networke Torm

of the network and its parameters, especially ttezaae speed value in each particular segmentegethe
accessibility of the nodes (Fig. 3).

Simulation
parameters

Concentration
process

Existing network

Existing network

Fig. 3. Simulation of the European urban structuseurce data: nodes and transportation networlEana!. Origin and destination
values.
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Origin values match the population of each nodeP@S 2005, pp. 257-291). The sum of origins equsds t
volume of destinations. Destinations are equakiyriiuted, which means that each node has the galme
(Fig. 4).

According to the formula of the ‘allocation of desttion model’ the first step is to send origingdple
travelling in order to satisfy their needs) andeaskie which nodes have been accepted and which mades
experienced shortage of acceptance. This resthieistarting point of the next iteration. In othesrds after
calculating the complete exchange of contactsersystem during the first iteration we allocatetidesions.
The value of destination in each node has to becelated and is not equally distributed anymoiteskind

of simulation might be compared with the real pescef locating services. Companies look for the bes
place to attract clients. They follow client’'s cbes in order to increase the number of customers.

Our simulation has a speculative aim. We didn’uass any particular need but we wanted to test velsere
a given transportation network the European urbactsire is driven by a concentration force the \tdg
described in an intervening opportunities modek Plocess of simulation is repeated until only ry genall
number of destinations has to be allocated (i.e). Z%is means that the system has achieved the stat
equilibrium. We performed 100 iterations analysihg process of simulation of European urban stractu
The result of a few chosen iterations is displayedhe Fig. 5.

pro

Fig. 5. Simulation of the European urban structuneitial arrangement and results after 5th, 10@ih, 60th and 100th iterations

Analysing the results one can observe two sigmfigdnenomena. First, that the model reflects theepaf
concentration very well, and secondly — the esakintfluence of this driving force in the urbanustiure.
After 5 iterations the accordance with the reailityalready quite great. Only peripheral nodesdsijtiare
underprivileged which is a typical characteristictbe model. This is to say — the accessibilitytiie
peripheral nodes is worse than that of more cefdcaltions. If we perform more iterations the nodéth
better accessibility will ‘pick up’ the populatidike a suction pump. This explains in what way mnode
reflects concentration as a driving force. Thelfieault doesn'’t reflect ‘reality’, it mirrors thendency and
describes the driving force.

6.4 Application of the Model

The simulation method is successfully applied far analysis of settlement systems varying in saatg
complexity. The mode and precision of represersgingh structures depend on the purpose of the dionila
This means that what question is being considesaeiy important. Fig. 6 presents the applicatibthe
model to the continental, regional and metropoligaales. It can be clearly noticed that conceiwinatis
driving force influences every scale of urban duiee and produces specific pattern of hierarchg given
accessibility. Knowing the way the model perfornme @an judge and study the attractiveness of péatic
places.
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Fig. 6. Application of the ‘allocation of the desitions’ model to diverse scales of urban strustareesults after 100 iterations for
Europe, Lower Silesia region (W-S Poland) and ttegrypolitan Area of Wroctaw, origin value reflette real population and
destinations were initially equally distributed|esivity for Europe and Lower Silesia equals 002D and for Metropolitan Area of

Wroctaw — 0,000250.

6.5 The impact of Different Networks

Accessibility is not easy to be imagined. Relayargintuition in this respect may lead to huge nkisga
within complex urban structures. This is why modedpresenting contacts are so useful. The system of
accessibility that depends on the shape of thep@tation network and the speed of particular sggsof

this network influence strongly the result of thmwwation. It happens that very little change of tietwork

(i.e. adding a new segment or improving parametkeas existing one) changes the results totallyabee it
re-defines accessibility. On the contrary in otltases declared ‘improvements’ of the transportation
network do not influence the simulation resultalat

The Metropolitan Area of Wroctaw illustrates thigdk of ‘reaction of the system’. We observed only a
slight influence of planned network on the resoltsimulation after 100 iterations of modelling,wever,
all other parameters remain unchanged. We will@eplhis modelling in the following section.

6.6 The Impact of Different Contact Types — Changes dbelectivity Parameter

Observing the simulation of the Metropolitan Are\WWroctaw we can notice that the influence of a
selectivity parameter on simulation results is sigant, when comparing two extreme values of ac@lity
parameter (Fig. 7). Higher selectivity value (‘Softorresponds to the situation when travellers satsfied
with destinations which are quite close to themtlie space of opportunities. Lower selectivity value
(‘sharp’) means that many of subsequently encoadteestinations are omitted by travellers befosy th
finds the destination of their trip. This expresak® the importance of the need, whereby ‘shaeigcsivity

is typical of higher rank needs.

Concentrat ton Concentration Concentration

Fig. 7. The impact on simulation results of differeontact types represented by changes of satggiarameter. Case study of the
Metropolitan Area of Wroctaw — results after 108rétions of the simulation conducted on the planreasportation network from
initial real origins’ and even destinations’ dibtrtion; the selectivity equals respectively 0,00D250ft’), 0,000050 and 0,000005
(‘sharp’).

Higher selectivity value in the simulation proceg@ result in many small concentrations of destioas.
We can interpret them as locally attractive platesver selectivity value is favourable to achievome or a
few high concentrations of destinations. Their tmoes are attractive in a wider (i.e. regional) lsctor
travellers who are prepared for a longer trip.

7 APPLICATION OF THE SIMULATION MODELS

Models are useful in order to imagine ‘answer fn@ality’ and possible consequences. They do nqpialis
future reality, they even do not display ‘possihieure’, but they show general trends which maypsup
decision making process. They reflect rules whiehreot easily readible and not clearly mirrorectable,
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fixed plans. By performing on planned and imagisgdctures they help with creating spatial scemarior
cities, regions and continents. They also reflest btrong are analysed forces.

Below we present a few exaples of application aliom models and explain the way they can support
planning process.

7.1 Wroctaw Metropolitan Area

The simulation was conducted for the Metropolitarea of Wroctaw (MAW) that covers the city of
Wroctaw and the towns located within a distanc8®km from Wroctaw. Borders of the MAW are almost
the same as the administratively delimitated metitgn area; the only exception are southern antham
peripheries of the area which were not taken imosideration. We applied the model ‘allocation loé t
destinations’.

The research was aimed at compare various simulegigults. We conducted the simulations that used t
existing and the planned transportation networlkswall as different selectivity parameter valueatth
represented the variety of contacts. Here we ae#lyopresenting results of simulation coductedptemned
urban structure. We applied as source data allnpldmoad which are expected to increase accegibulit
certain places, located especially on the new jonstand in this way attract new, massive investmen

We addressed the issue in what way the new tratagjoor network would influence the structure of the
Metropolitan Area of Wroctaw. We would like to erpe the problem if the system itself would generate
new ‘magnets’ only by increasing accessibility. Sguestion was especially interesting in the cdraéihe
planned ‘West Pole’ which is expected to create niegv, specialised ‘centre’ of the city and rather
unplanned ‘North Pole’ which we expected to appear.

7.1.1 West Pole

In order to simulate development potential growtlihe ‘West Pole’ we performed modelling on planned
network. The most remarkable — and in fact rathmexpected! — result of this set of simulation waat t
almost nothing had changed. Massive investmentsnirastructure didn’t result in new points of
concentration.

Models — as it has been already explained — arecegly useful while experimenting on them instexd
experimenting on the real system. We were playiigkind of game when trying to figure out what sl
be done to shift the existing urban structure mew level of arrangement.

The research aimed to evaluate the ability to msithe MAW structure due to from changes of the
distribution of origin values. This reflected thetgntial of the places. This is to say that wedttie estimate
how big investments had to be made before the mysteuld achieve the ability of ‘magnets’ generating
new urban concentration. Special attention was fgaidvestigating changes which follow the streeging

of the surroundings of the planned West Pole of dén. In two previously conducted sets of simulasio
nodes located in this area did not concentratérdgsin values, in contrast to the nodes locateith¢oEast

of the city.

The ‘Western Zone’ was established and located gntio® motorway bypass of Wroctaw, route No. 5 to
Pozna, the metropolitan ring road and the A4 motorwayning on the southern outskirts of the city. Origin
values in the Western Zone were enlarged onlyHfemiodes located inside the zone and those initthefc
Wroctaw. We tested three different levels of ergsngnt of origin values. First, the existing valuesre
increased by 10%. Having statistical data analyseddiscovered that during the period 2004-2009 the
average increase in the Wroctaw Poviat (county) daaimilar value (11,16%). This value was the bigge
growth recorded in all poviats at that time. Eveoreninterestingly, the growth was observed onlyhia
Wroctaw subregion and the poviats located clos&/toctaw Poviat. We assumed that the 10% increase wa
a reliable description of natural social proceskes.the simulation experiment this growth was emntiated

in nodes of the Western Zone. In the second simouldhe origin values were doubled and in the thingde
performed with 1000% growth (Fig. 8 upper row).

ProceedingREAL CORP 2011 Tagungshand ISBN:  978-3-9503110-0-6 (CD-ROM); ISBN: 978-3-9508%1-3 (Print) E
18-20 May 2011, Essen. http://www.corp.at Editors: Manfred SCHRENK, Vasily V. POPOVICH, Peter ZEILE



Foresighted Planning, Dynamic Plan — the Role of Newls in Spatial Transformation

R R

Fig. 8. Distribution of origin values used in mddg of the MAW Western Zone — implementation 0\%,0d6ub|e and tenfold
increase in the West Zone node values (uperr radyesults of 100 iterations of the modelling -afidistribution of destinations
(lower row).

Simulations were undertaken using only one seliégtparameter value. This was the biggest valudiegp
in the two previous sets of simulations (0,00023®)e selectivity we used was ‘soft’ in order todav the
short trips rather than the longer ones. The exatie of selectivity varied slightly because in leac
simulation the sum of enlarging origin and destoravalues was different. The results of the sirtiole are
presented on the Fig. 8, lower row.

The Western Zone was our urban laboratory of toanstion. What have we learnt from the lesson,Firs
potential of the place would have to be enlargemiranusly to show visible concentrations althougkytare
expected by local planners. Yet, even in the cdsmormous increases, the existing concentratioasn
and around ‘the town within the city’ — kiica) are stronger and able to attract more ddgimsathan newly
created nodes. Secondly, the area located on ttfeeno bank of the Odra river is ‘cut off’ from thenefits

of growth. We notice very few concentrations irstarea and in order to ‘get started’ they requirermous
increase of their potentials. Thirdly, the southgant of the Western Zone has quite a low capawiityy the
exception of one node (Somlec-Pietrzykowice), taat destination values.

Analysing the results we must remember that weaus@del of reality with all its limitations. Thisadel is
enriched with imaginary enlarged values of potdstid the Western Zone. Population enlargementisf t
kind in the real world would require new investneelike roads, infrastructure, commercial, serviass,
These changes would probably affect the positioa &w nodes by changing the position of some nodes
and bridges. We have to remember that this is anl§cenario game’ displaying trends and tendenaiets,
‘possible future’.

The research clearly displays very important charestics of the urban structure:
* the existing arrangement is very stable and ibissasy to shift it to a new level of organisation,

« improvements of accessibility play an important bat ultimately a decisive role in increasing the
attractiveness of places,

e in order to ‘switch’ the urban system onto a neackrof self-organisation massive investments are
required.

7.1.2 North Pole

On the contrary ‘North Pole’ seems to be quite reteonsequence of increasing accessibility. s th
simulation 9 districts of Wroctaw, 13 ‘ring’ towrend 40 villages have been taken into account (Mlek,
Zipser, 2007).

One of the most significant result is that the #xgsnetwork is conducive for the South Pole (alyealearly
generated) and city centre (which is an obvioussequence of the privileged location and accessipili
whereas planned network easily displays advantafjesrthern zone of Wroctaw Metropolitan Area (Fig.
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9). This result might be quite surprising for ttamhal way of thinking about urban developmenttad tity

of Wroctaw which for decennia was based on 3 pdBEntral, South and West. The answer coming from
research of existing structure and planned acdétysibay give a new insight into development copicef

the city.

Fig. 9. Distribution of the nodes in modelllng bétMAW Northern Zone (Ieft) and results of the mitidg — final distribution of
destinations on the existing transportation networiidle) and planned transportation network (figiNlek, Zipser, 2007)

The research shows that model of the city prodimedhanged accessibility may lead to the lineaegpol
structure (South, Centre, North poles located am dkis perpendicular to the Odra river) instead of
triangular-poles structures (South, Centre and \Wekts — all located on the southern bank of theaOd
river).

This new structure may strongly affect all the eamcations within the MAW. This new order displajpe
‘natural’ or self-organized track of urban devel@ This structure — on the contrary to the Wed¢ P is
generated only by increased accessibility (alrgddygned) and existing spatial distribution of paiEs.

It is important to notice that this answer givendmnulation models doesn’'t automatically mean tigt
should give up the concept of creating the Wese Rold switch into the North Pole. This only medrat t
considering accesibility and existing structure tRoPole might be easier (and cheaper) generated. Bu
spatial policies may take into account other factiiee accesibility to infrastructure, need to makéan
structure more coherent or requirements coming femvironment. Nevertheless results of the simutatio
might also influence the general picture of thg oitagined by planners and supported by local aiiibs.
Models do not display soultions but they can rewgglortunities to be explored.

7.2 Regional Network of Settlements — Case Study of Law Silesia

Models might be also useful on regional level. Heee present result of simulations of concentrations
Lower Silesia region (South-Western Poland), whithed at selecting trends affecting growth of tcanal
cities in the region (Zipser et al., 2006).

Regional spatial structure is represented by 22ies@and surroundings is represented by 184 nodatetb

in Poland, 94 nodes located in Czech Republic dnld@ated in Germany. Simulation was conductedchen t
‘flat’ network and on the network with greater pmrhance (speed) on some sections (representing
motorway or express roads).

3 different sets of potentials were applied as soutata. First was even distribution of both osgand
destinations. This kind of simulation reflect ‘puiepact of transportation network on concentration
patterns. The second set of simulations was basexkisting distribution of origins represented niber

of residents while destination values were the séwoneeach node. Finally, the third set of simulato
increased destination value of chosen nodes.

Simulation process showed that the concentration queickly revealed its power. Usually after 1Q-étéons
the first nodes already gained far more destinatmnes than others and after 40 iterations usuaityre
system got a state of balance. This initial phdsgmulation is really fascinating because driviogce of
concentration in this very moment reveals its ealestrength.

A few simulation displayed another driving forceaping regional urban structure — hierarchy. Resufits
modelling regional structure based on geometricsthdce between nodes (no transportation netwartt) a
even distribution of origins and destinations dideflect position of Wroctaw (Fig. 9). This shoogiat the
first sight result can be easily explained. Hielndral position of Wroctaw is higher than regionaf
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location is determined by wider connections withiate and continental network. By the way simutetio
conducted on the national and continental leveficord this thesis.

Pkt_pot shp lter: O Pkt_pot shp Iter: 6 Pkt_pot shp Iter: 60

Fig. 10. Distribution of the nodes in modelling LemSilasia urban structure (left) and results efrtiodelling — distribution of
destinations after 6 iterations (middle) and fidiakribution of destinations after 60 iterationgo&er et al, 2006).

Performing on different set of data various cowdisi of regional development have been analysedfiii&le
result might support decision where different dtiig in the region have to be located, which catioas
have to be improved and which places lack of ‘redtattractiveness generated by accessibility.

7.3 Regional Impact of the Express Road Wroctaw-Warszaa

Simulation models helps also creating spatial stenal he last example presnts possible impadtefoad

network on the settlement system of kddistrict (Matusiak, 2008). Five variants of thepeess road
crossing the area have been analysed. The regeiléscompared with the planned hierarchy of setttgm
structure defined in the Lodz regional plan (Cdnfaland). The research enabled to estimate St
functional advantages of different road networkasas.

The research revealed that spatial consequenagitecefrom different location of the road (Fig. 11)is
interestin that no matter which variant has beeslyaed a few of town were underestimated in rediona
plan. Simulations indicates which location of tlkad can generate more positive ‘side effects’ égiianal
structure and reveals potential new local centireghis way simulation may support regional polayda
spatial cohesion.

Fig. 11. Hierarchy of regional centres resultedrfrdifferent location of the express road S8 Wroe¥farszawa. In red towns with
lower hierarchy in regional structure then planimecegional development plan, in green and yellowrts with higher hierarchy in
regional structure then planned in regional devalept plan, in grey town which didn’t change theipos. Planned S8 express
road in northern location (left), southern locat{omddle) or mixed (right).

8 CONCLUSIONS

The tool we presented to support urban planningildhioe applied with awareness of all its limitascend
simplifications. Although not being perfect, nevetess it assist in obtaining a deeper insight imexesses
which are not clearly observed or imagined. We oammterpret the simulation results as a straigisvwaer
because we use a model of urbanised space and @ mibdhe concentration process. By observing
simulation results we can estimate general charatits of an urban system. The model we use is a
concentration model and does not encompass otluordaof the paradigm of spatial decisions. The
simulation results of more complex and sophistitat®dels (i.e. the ORION model which encompasdes al
elements of the paradigm) have yet to be intergre&mulation conducted on the Metropolitan Area of
Wroctaw revealed stability of existing node attiaehess resulting from the radial network structanel
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domination of Wroctaw. Although the modelling radsuhave to be interpreted, simulation methods are a
useful and effective way to examine urbanised sires.

The problem with understanding and planning the, mamplex urban structures might be very much about
quantity — of activities, flows and conditions gesmted by others constituents. This is why computer
simulation might help both with diagnosis and némdkof ‘scenario’ design. We are not talking hebeat
'drawing tools', but about description of the iyally using mathematical equations and conventional
representation of real world.

But there is still decision to be made. Having sbgbrocess analysed and simulated one can decide.
Analysis and simulation do not replace the finadisien — they only support the decision. This is&y —
plan do exist as a final spatial decision shapitgu structure.

Significant is that this new planning should be enstbod as multiscalar process. Urban structuregesain
order to implement even 'small changes' (ProsRe06). This means that new design or planning tools
should be totally flexible and be able to followeaevthese 'small changes'. There is no 'stable gfgnmore

— what exists is rather sort of 'modelling plannfalating a diagnosis and 'playing' with scenanbshe
future.

Essential question is if this is still ‘planning’ this is only ‘following natural, uncontrolled pess'. We
claim that this is new kind of planning becausésistill decisive component in it. This means ttz
essence of design — decision — is still includethis process. We can decide 'against' the sinoulatie can
test different solutions. The 'core' is not in Lblt in object 'to be designed'.
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