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1 ABSTRACT

As it has been stated over and over again, todaye-scale urban structures are becoming incrglgsin
hard to be grasped and understood through theofecmnventional spatial and temporal scales. Dubheg@
dynamic interactions and complex interdependencitiss are expanding way beyond traditional - sash
municipal, regional or even national — barriers dodndaries. Nevertheless, comprehensive methatls an
innovative tools for effectively deciphering andsdgming complex urban systems are still relativiey.
Here, we introduce a five-step integrated methagioldo understand, reveal and model dynamic
spatiotemporal patterns and processes across.s€akesnain focus of this paper will thereby lie fastor

and cluster analysis of prevailing socioeconomintexts and on their embedding into multiscale urban
modelling. We contend that a meaningful connedtietween empirics and modelling is a quintesseatidl
often missing link of endeavours simulating long¥iedevelopment of urban environments. Therefore, we
demonstrate how - with a machine-learning mechawgesihed self-organising maps - empirical findingaym
effectively infiltrate into modelling attempts obmplex urban systems. Subsequently, we will use the
example of the residential and employment migrasioinsystem of the multiscale urban model (Lenggdl a
Friedrich, 2019), to study the effects of demogragiange, local and regional migration flows, adl\as
their interdependencies with the ongoing econortriecgiral change between 2011 and 2050 in the Ruhr
region. Furthermore, we show how we can use micatesoutcomes to identify the small-scale anchooiing
latter regional processes. In our example, we ohéter neighbourhoods with substantial changes iir the
local economic and land value profiles: which midie indicators for future hot and cold spots of
gentrification processes. The main aim is to inf@na instigate meaningful cooperation and synckezhi
action between urban stakeholders and decisionimalke different scales. The latter task is perteyEn
more pressing and challenging for large-scale goliric regions such as the Ruhr Area in Germanyghwh
will serve as the case study for this paper.

Keywords: multiscale, exploratory spatial data gsial self-organizing maps, modelling complex urban
systems, residential and employment migration

2 FIVE-STEP METHODOLOGY FOR DECIPHERING AND MODELLING SPATIO-
TEMPORAL PROCCESSES ACROSS SCALES

First of all, we provide a general overview of thee-step comprehensive methodology for deciphegnd
modelling spatiotemporal patterns and processeasssiscales. Each step is being illustrated withesom
relevant examples from the Ruhr Area in Germanydi#a@hally, they seek to give practical advice for
increasing the real-world applicability and effigaaf corresponding efforts. In this paper, step,dhese
and five are only discussed shortly (for more linfation please see Lengyel and Friedrich, 2020)sihe
crucial step of effectively bringing empirics anaaelling together (step two) will be reviewed irtalkin
Section 3, followed by an extensive descriptiothef residential migration sub-model in Section 4iph is

a crucial part of step four).

2.1 Step 1: Analysing trends and deciphering their spaal projections

To start with, we must try to identify the mostlugntial historic as well as current trends of #rea in
question and thereby comprehend their importanpisbafactors and mechanisms. Henceforth, the
operational scale of this step is a macro spatimhdary e.g. city, regional or even national layeosnbined
with an investigation time period of the minimumsp&5 years (depending on data availability). Such
macro-scale trends may include demographic (agghmic structure), economic (sectoral shifts) aiestal
(household, gender) processes. In order for this &t be applicable for both planning and poligywell as
for modelling purposes, one may carry out the foifg three main consecutive tasks: firstly, witle thelp
of historical data analysis carefully quantifyingasotemporal development tendencies, and secondly,
studying their connections and interdependencitsely connected to this is the third and very intgoat
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task (since we are dealing with urban environmentih the main goal to deduce the spatial impdct o
identified trends. As an example, we studied hogvdhgoing economic structural change in the RuleaAr
has left its massive traces on land use developofete last couple of decades and how the amgitfd
impact is roughly distributed throughout the reg{see Fig. 1). Over the course of this first step,suggest
an alternating method of literature review andispatnporal data analysis.

<= 0587552

Fig 1: Commercial and industrial land use change®en 1994 and 2015 (factor of change compare8%d %alues). Own graphic.
For data source: see Section 4.3

2.2 Step 2: Unravelling spatiotemporal patterns and buding clusters

Now that we are aware of the major influencing derof our area, we shift focus from macro towards
subjacent scales, and observe their local impattamchoring. Firstly, with the help of explorat@pyatial
data analysis we study the spatial, demograph@psronomic and economic patterns and try to captu
their corresponding characteristic scales. Througbar investigations into the Ruhr Area we obseériat
the spatial distribution of large number of socmsamic indicators are still displaying a patterniahh
follows very closely the layered structure of thstdrical development zones of the region. Thudays
city boundaries are almost invisible (see Fig.B)th industrialisation and deindustrialisation prsges took
place in several consecutive phases from the suuthwards (Wehling, 2014), leaving behind someyver
important characteristic scales for age, econoraibpic and socioeconomic structures. Secondly, we
demonstrate how - with a machine-learning mechaniafted self-organising maps — latter empirical
findings can by synthesised for more clarity andtfeeir effective infiltration into modelling attgots of
complex urban systems (the latter method will beexged at length in Section 3). This second step bea
considered as the first effort towards delineatieg spatial and temporal dimensions for actionctvimay
prove to be more efficient for some measures tipg@mating on the scale of traditional urban bouredari

2.3 Step 3: Delineating Future Development Tendencies

The goal of step three is envisioning possible {@rg urban development scenarios for the study anel
testing solutions for prevailing issues or impulé@spotentials. When it comes to examining futurban
development paths, one might take two importanhgsdinto consideration. First, we may integrateadiy
existing design concepts of the region in our sdesalet these be large-scale projects such asnational
expos or locally relevant urban design projectsed¢cted study areas. For this paper, we assurhéhtha
“generational project” (URL-1) implementing the maturalisation measures of the river Emscher asd it
tributaries, which have for decades served as @&m gewage system, is a unique opportunity to peovid
sustainable intermodal mobility for the Emscherezas well as for the whole Ruhr region. Additiopathe
new transport infrastructure will most probably &aa major influence on all other urban subsystems
(demographics, employment, land use, etc.) and wecea. Secondly, one might try to integrate issafes
great societal relevance and interest at the tine®mception — in our case this will be the transitowards
more sustainable mobility patterns (“Verkehrswende'German). The latter two efforts combined may
substantially increase both the interest and aaoeptby the local and regional stakeholders. Isyance of
studying these alternative development paths weauseenario approach (Schmidt and Klemm, 2019). In
more detail, this paper will review results undetHealthy and Sustainable City” scenario. The sigrt
point is an increased overall acceptance and awsseonf the scientifically proven health risks (UN
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Environment, 2019) of man-made pollution and envinental damage, such as that of fine-particulate ai
pollution in cities (Pope Il et. al, 2009). Urbtes are now widely aware of their right to a heaitity,
leading incrementally to the emergence of new sedbde models for political and administrative cémn-
making processes. In terms of mobility patterns;fiege and thus sustainable neighbourhoods arentiago
more and more widespread in the region, where dotiers and tenants progressively commit themseétves
corresponding lifestyles. Sharing and on-demantspart options are becoming popular, whilst caesaare
gradually being reconstructed for autonomous basdscycle-routes.

2.4 Step 4: Multiscale urban modelling and its calibraton for a selected scenario

The multiscale urban model (MURMO) has been speadlfi designed for high-density polycentric urban
regions (Lengyel and Friedrich, 2019). Throughaunugations, the six subsystems of population, resiil
migration, employment location, land price, lande uand accessibility evolve simultaneously in an
interactive manner. Residential and employment ohjos are captured by the well-known master equation
approach from statistical physics (Haag and Wdidlit984), whilst land price relies on a novel metho
whose emphasis rests on the analogy between sfmtilprice fluctuations and velocity fluctuatioims
turbulent flows. We provide a detailed overviewtlod master equation method in section 5, the qesmmi

of remaining MURMO methodology is however beyond #tope of this paper (please see Lengyel and
Friedrich, 2019 for more information). Accessild# values used for simulations in this paper aogiged
externally by the MatSIM transport model (Kaddoataal, 2019). Calibrated on a 100 x 100-meteriapat
grid, the model is able to delineate small-scadmds of variables. At the same time it can intdaky
recognise meaningful trajectories in regional eooigp land-use and population dynamics. For the gkam
used in this paper, simulations are running frorh12f 2050. In pursuance of translating the heatiby
scenario (see Section 2.3) into MURMO we make tiiewing assumptions:

* Immense reduction of man-made pollution and enwremtal damage: former large-scale industrial
production and excavation sites available for newetbpment

e Urban settings are becoming increasingly compadtstvhat the same time further expansion of
urban sprawl is restricted with the help of a vigrief push and pull measures: areas with above
average share of medium and high-density urbandaadURL-2) will become 20% more attractive
by 2050. For the description of attractivities Seetion 4

e Mobility in 2050 is foreseen to be intermodal, sthrwalkable and active. Investment in new
transport infrastructure accordingly: neighbourte®ad the vicinity of the Emscher river win
attractiveness by 5% until 2050, largely due to treenaturalidation process, improved
accessibilities, etc. Accessibility values accogdito MatSIM measures come into existence
(Kaddoura et. al, 2019)

« New urban areas may only emerge according to thieiadfland use plan (URL-3) however they
shall be strictly mixed use.

2.5 Step 5: Formulating recommendations for stakeholdes on different spatial and temporal scales

We strongly believe that the combination of analysid modelling results helps us to reveal competas
well as potentials for collaboration and shareceriests within the 53 cities of the Ruhr area. Aydar
potential of long-term and spatially highly resalv&mulations lies in the effective applicationanftcomes

to find suitable urban design and planning measaresind in between the newly defined characteristic
scales. The overall aim is to inform and instigaeaningful cooperation and synchronised action éetw
urban stakeholders and decision-makers.

3 SOCIOECONOMIC FACTOR AND CLUSTER ANALYSIS

Here, empirical results are brought together whb purpose of unravelling meaningful relationships
between the different socioeconomic and demograpaiameters as well as for dimensionality-reduction
and modelling purposes. To this end, we use Sajafising Maps (SOM) a machine learning mechanism,
which “is able to convert complex non-linear stited relationships between high-dimensional détans
into simple geometric relationships on a low-dimenal display” (Kohonen, 1990). SOM is an artificia
neuron network (ANN), made up of interconnected esod or artificial neurons - that are able to
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communicate with each other via signal-transmissgmilar to the synapses in animal or human brain.
These signals are numerical values that are beingiwed by each neuron and then further processed
according to the learning mechanism in questionpraoter to come to the output. Furthermore, theee ar
weights assigned to both the nodes (or neurons) them connections (or edges) which are being
incrementally adjusted through the learning prockssase of the SOM, data projection happenswagn
that similar values in the input space are mapptmithe same neuron or to its close vicinity in tugput
space. Therefore, as Kourtet et. al put it, "thgpotiof a SOM can be thought of as a spatial remtasion

of the statistical relations between the obsermatian this map, the axes are not north-south sirwast but
measures of statistical similarity, which is exgexsin the distance between observations” (Koattital,
2012). In order to carry out the computational mdrthis analysis we used the Python package "S6mpy
(with some minor adjustments) developed by Vahidbbhyi, Sebastian Packmann and Ivan Vallés (URL-4).

In our case, ten factors (see Fig. 2) are brouggdgther and subsequently clustered into twentydigénct
groups (see Fig 4). Figure 2 shows the componepsmfthe neural network, which may be interpreted
the following way. Firstly, brighter yellow colourrespond to higher values and darker coloutswer
ones. Secondly, if we move on the surface showiagtusters on Fig. 4 from the right to the lefo(h less
towards more transparency on the bivariate grapé)observe increasing median age and decreasing
household size. If we move from the bottom towadhdstop, we encounter rising socio-economic adym®a
and a decrease in foreign population (from red tdwd#lue). Henceforward, districts located in tipper
left corner of the output space, can be charaery the following parameters (each being in anstr
statistical relationship with each other, in acemrck with SOM rules): very high purchasing powet gent
prices, below average share of foreign populatimh lsigh percentages of above-65-year-olds. Thesgdwo
then belong to the clusters 24, 19 and 11 accotdifdg. 4.

If we now observe the distribution of clusters be tegional map (Fig. 3), there is an evident pattd
more red and yellow districts in the central arBengcher and Hellweg zones) and gray and blue colour
dominating the outer regions. Firstly, these resudbrrespond and underline the already described
relationships on zonal scale (see Section 2.2)or##yg, on the two-dimensional maps on Fig. 2, tived
types societal segregation patterns (Wehling, 201#)e Ruhr area become clearly evident: namelgelof
nationality, age and economic power. Thirdly anchpps most importantly, the clusters were founteéo
highly invaluable tools for the embedding of emgitifindings into modelling as well as for an adatgu
implementation of scenarios into our simulation® k&fer the reader to Section 4.2 for follow-up.

(a) Purchasing Power (b) Net Rent Price (Index) (c) Share of Foreign (d) Share of German
(Index) - " Population (%) Population (%) —
| " 9%
(e) Share of Under-18- (f) Share of Over-65-Year- (g) Share of Single (h) Share of Couples w.

Year-Olds (%) Olds (%) Households (%) Children (%)

(i) Share of Only-Elderly (j) Share of Empty
Households (%) ’ Apartements (%)

Fig 2: 2D Component maps of the SOM model-spacea Batrce: see Section 4.3
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DUISBURG ESSEN BOCHUM DORTMUND

Fig. 3: Distribution of socioeconomic clusters tighout the Ruhr region in 2016. Data source: setdbet.3
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Fig. 4: SOM clusters on 2D model-space (see comanaps on Fig. 2). Data source: see Section 4.3

4 MODELLING RESIDENTIAL MIGRATION WITH THE CAREFUL IN  TEGRATION OF
SOCIOECONOMIC CLUSTERS IN THE RUHR AREA

In this section we give a brief review of the reberdeveloped multiscale urban model (Lengyel and
Friedrich, 2019). One of the main questions thathwpe our model will answer is how the Emscher (and
Ruhr) region and its inhabitants may react to déf¢ influences, e.g., changes of infrastructune (te-
naturalisation of the Emscher river, transport,diieg, recreational areas), economic changes (labauket,
increased spending power of certain neighbourhoads) attractiveness changes (urban amenities, land
price, congestion phenomena) that arise from irutside the urban system. In this context, wearmhthat

due to many uncertainties in such systems, espedfalwe take long-term urban development into
consideration, we cannot expect to capture each emedy decision that is being made individually.
Therefore, the residential and employment modééseabn astatistical description of urban structuresa
probability density functions (PDFs) of certain kgquantities, using the statistical model by Haag an
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Weidlich (1984). We also refer to the monographadgd 2017 and Weidlich and Haag, 1999) for further
details and applications. Here, the PRdf,t) of a certain socio-configuration = {n;,n,,..,n.}, wheren;
denotes the number of members of the populati@médai, is governed by the so-callaetaster equation

9 fum) =Y [p(nn+ k) fu(n+ k1) — p(n-+ Kn) fv(n,0)]
Jt - )

wherep(n + k|n) stands for théransition probabilityfrom socio-configuratiom to socio-configuratiom +
k. Transitions from areato areg are favoured if the so-calladility function g(n) in areai exceeds the
utility function gj(n) in areaj. Therefore, utility functions can be roughly calesied as a measure of
“attractiveness of a given area in comparison to another area [Hfter feature makes this modelling
approach particularly suitable for urban design plahning purposes, since it makes scenario-céiiora
rather straightforward. The utility functions (2)eafurther evaluated in terms of a Taylor serieshef
population numben

2:(n;) = O; + Kin,; ne

é!( 1) i + Kini + Pi i @
of each area. Utility functions are being constructed with thelp of three trend parameters, which are
divided into thepreference parametek (availability of schools, cultural offerings, clate, landscape, desire
to remain in someone’s birthplace), tbeoperation parametex; (offers of employment, increasing rent,
accessibilities), and theaturation parametep; (constricted housing situation). As the intricatterplay of
the three trend parameters fully determines whesidents (and firms) may move to, their precise and
adequate definition is of outmost importance —tés& of Section 4.1 and Section 4.2.

4.1 Household types

In case of residential migration, we were inter@stethe drivers of a household’'s decision to moveo
stay at their prevailing places of residence. Heortle we were curious about what crucial variabigght
affect the attractiveness of a region for the diffé household types or, in other words, which thee
location choices that residents are most likelynetke (once they decided to move). In the followings
refer to such influencing variables, accordingh® Weidlich-Haag model, as spatial preferencespaters.
Due to data limitations, where we could not getrafl precise number of individuals per househofuttper

grid cell, we substitute households with age graopsur simulations. They can be hypothesised te lhe
following associations with household structurejnij-space demand, urban amenities, land price and
tendency to migrate (Haag and Weidlich, 1984, H28d/, Lengyel and Friedrich, 2019):

* Under 18; Households with children. Vicinity to Hergarten, schools and playgrounds may be
significant. Potentially high living-space demaret pousehold. Low mobility (0.00005).

« Between 18-29; Association with single householdfab shares. Young adults possibly moving out
from home for the first time. Probable importandeclmseness to higher education, daily urban
amenities and public transport. Might prefer lowent prices. Normally low per capita living-space
demand. Age group with the highest mobility (0.0002

« Between 30-49; Young professionals that may or n@ybe starting a family. Associated with both
single households and couples with children. Miggntable to afford higher housing and land prices.
Potential importance of proximity to jobs, cultyrahd recreational facilities as well as to kinder-
garden and schools. Might be moving towards evghédri living-space demands per household.
High mobility (0.00023).

« Between 50-64; Double households living with orhwiit child or children. Possible role of vicinity
to jobs, schools or leisure facilities. Low to m&di mobility (0.00008).

» Over 65; Associated with households with senioig-as well as with single households. Potential
importance of proximity to health facilities, dailyban amenities and public transport. Lowest
mobility (0.00002).
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4.2 Spatial preferences of socioeconomic clusters

Over the course of our simulations, each housetypd (see Section 4.1) is described by its own enast
equation (1) and has its own set of preferencenpeters. We compiled values for more than hundred
parameters on our grid and sought to find the rimdktential locational factors for each of the ageups
with the help of multiple regression models. Moreigwe carried out the regression analysis fortwleanty-

five SOM clusters separately. The latter step tseexely significant for two reasons. Firstly, warga very
detailed knowledge of the spatial preferences &hesocioeconomic cluster and therefore a bettmenoal
description of the real-world situation. Secondimnce it is the tangled combination of preference,
cooperation and saturation parameters which drivesmaster equation (see Section 4) and therefare o
migratory flows, we may have achieved a highly effee way of interlinking the findings of empirical
analysis with the internal dynamics of our modele Wow demonstrate the regression analysis on two
selected clusters.

PCT_U18 S| PCT_18 29 S PCT_30_49_S PCT_50 64 S PCT_065_S
Intercept -1.2545%* -0.5135*** -0.8202*** -0.0486 2.3016%**
(0.1340) (0.0990) (0.2591) (0.1983) (0.0893)
AM_Shops_pro_100res_S 0.5781**
(0.2815)
Access_Public_Transport_S 0.7571***
(0.1572)
Age_Mean_S -0.3339**
(0.1560)
Amount_attractions_pro_100res_S 0.4500**
(0.1640)
Area_BUI_Sport_Recreation_pro_100res_S -0.1944**
(0.0794)
Area_Playgrounds_pro_100res_S 0.9044*
(0.4563)
Area_Public_Green_pro_100res_S 0.2230**
(0.0510)
BUI_Size_mean_S 0.4940***
(0.1619)
Employees_pro_100res_S 0.4026***
(0.0442)
I(Newly_Built_ BUI_S ** 2) 0.3238*
(0.1664)
Newly Built_ BUI_S -0.3036**
(0.1315)
Nr_Commercial_BUI_pro_100res_S -0.1994**
(0.0356)
Nr_MixedUse_BUI_pro_100res_S 0.2952**
(0.1308)
Nr_Property_AP_pro_100res_S 0.4277***
(0.1468)
Purchasing_Power_mean_S 0.2198* | -0.3845***
(0.1197) (0.0890)
R-squared 0.70 0.83 0.63 0.57 0.66

Table 1: SOM Cluster Nr.24: Multiple regression gsml for the preference parameters of the fiveeddfifit household types in the
residential sub-model. Standard errors in parepthésp<.1, ** p<.05, ***p<.01. Abbreviations; BUBUuilding, PCT: Percentage,
AP: Apartment, HH: Households, S: StandardizedJhder, O: Over

Results are summarised in Table 1 (for clustera2d)) Table 2 (for cluster 5). The first column of tlables
displays the explanatory variables which were ifiedtto be significantly associated with one orrmof

the household types in the neighbourhoods belonmirige two selected clusters. What stands outesd
tables is that there is not only a difference betwthe coefficients and statistical weights beloggo one
parameter, but also that differing preference patams were found to be significant both for thepoese
variables and for the clusters themselves. As amele, for Cluster 24 (C24) the average buildirag sthe
level of commercial building stock and mean puratggpower seemed to be the best predictors of the
percentage of under 18-year-olds per grid cell. Whanteresting is the relatively high positiverpaeter
estimate for purchasing power (which is somewhatoomimon in the Ruhr area for this age group),
suggesting that households with children are radifitment in C24 neighbourhoods. Let us now compare
these results with those of Cluster 5 (C5). Firdthe intercept shows that children are much midegdyl to

live in C5 than in C24 clusters and that the shafrainder-18-year-olds is in a very strong positive
correlation with vacancy rates. Furthermore, tloairesponding parent-clusters seem to be livinghen
vicinity of commercial and industrial areas, whishin general a rather undesirable locational fadtmally,
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no significant (positive) correlation was found fomy of the age groups with more desirable deteants)
such as that of new building-stock, ownership sing rent prices. These three findings are pointbwgards
more disadvantageous life settings for people gumC5 cells. As a last example, we observe a hegl
occurrence of seniors in C24 clusters, as dailgm@dmenities, good access to public transport emdmity
to green seem to be the most important locaticawbfs for them. Finally, cooperation parametérsf the
residential sub-model (see section 4) were obtdoyesimilar methods as described above, and wenedfo
to be associated with land price, employment rates$ the different accessibility values (public gaort,
car, walk, bike) for a given area.

PCT_U18_S| PCT_18_29 § PCT_30_49_S PCT_50_64_S§ PCT_065_S
Intercept 0.6763*** -2.7986*** -0.1960** -0.2423* 3.1641**
(0.0952) (0.8107) (0.0935) (0.1297) (1.1569)
Amount_attractions_pro_100res_S 3.1360*
(1.7247)
Area_Playgrounds_pro_100res_S 0.8046**
(0.3598)
Area_Woods_pro_100res_S -56.6641*** 62.9386***
(14.2296) (20.2871)
Area_cimlu_pro_100res_S 1.8446***
(0.5405)
BUI_Size_mean_S -0.5141%*
(0.1216)
Newly_Built_BUI_S -0.3223**
(0.1089)
Nr_Empty_BUI_pro_100res_S -0.2769**
(0.1001)
PCT_Empty_AP_S 0.4557***
(0.0955)
PCT_Flatshare_HH_S 0.5388***
(0.0779)
PCT_OnlyElderly_HH_S -0.4905**
(0.2010)
PCT_Single_HH_S -0.3687*
(0.2121)
R-squared 0.65 0.69 0.40 0.57 0.44

Table 2: SOM Cluster Nr.5: Multiple regression asayfor the preference parameters of the five diffiehousehold types in the
residential sub-model. Standard errors in paresthésp<.1, ** p<.05, ***p<.01. Abbreviations; BUBUuilding, PCT: Percentage,
AP: Apartment, HH: Households, S: StandardizedJhder, O: Over

4.3 Data Sources

For the purposes of this study we only used secgnalaservational data. All city level informatiotems
from the official database of North Rhine-WestphdlJRL-5). For more detailed analysis, we subdidide
the 53 cities into their 736 municipal districtsalMes on this level were either provided by locahiipal
authorities or aggregated using higher-resolutiate.drom the following sources. Socioeconomic and
employment data was acquired from the German 26tdus database (URL-6), the micro-dialog dataef th
German post, and from the Hoppenstedt firm datafldBt.-7). We collected land use material from the
Urban atlas of the Copernicus Land Monitoring sesi(URL-2), and from the database of Regionalvetba
Ruhr (URL-3). Points of interest were provided bg Regionalverband Ruhr. Finally, in accordancda wit
the 100 x 100-meter grid of the German Populatiensds in 2011 (URL-6) we further sub-divided city
districts and obtained almost half a million grills for the whole Ruhr area. Data sources of ldisl are
either directly from the German Census Database (B)Ror accumulated using the same data sources as
described above.

5 RESULTS OF MIGRATORY PROCCESSES UNDER A HEALTHY-CIT Y SCENARIO

This section is dedicated to the discussion of Mioderesults using the example of the residenmtiaration
sub-model. The goal is to unravel some importaféces of demographic change, local and regional
migration flows as well as their interdependencith small- and medium-scale changes in rent price
profiles between 2011 and 2050. First of all, andgpected - due to assumptions made under thtéhyeal
city scenario - there is the ubiquitous tendencfatling population numbers: by 5.64% on a regicstle
compared to values of 2011. What is interestingighois that zones of the outskirts (Kreis Moersgi&r
Recklinghausen and Lippe zones) have lost 4.61% meswidents than their central counterparts (Emsche
Ruhr, Hellweg), implying rather strong densificatindencies and periphery-core migration flowss the
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Northern and Southern Emscher zone combined, whishowing the least population decrease with golel
minus 2.67%. Spatial projection of latter trendthis incremental occupation of vacant and newlessible
land (former industrial sites) in between alreatjhkdensity urban areas to cater for the increasedest in
central zone living (which is clearly observable Fig. 6). As for the Emscher zone, changes weret mos
likely further amplified by the accumulative effeot improved accessibilities, enhanced environnienta
qualities, new land availabilities and a massiwegtment in public infrastructure (see Section.2.4)

Fig. 5: Spatial lag twentiles of relative changer@fan rent price on the district level between 281d 2050 (left). Hotspots (red)
and cold spots (blue) of change in mean rent padees on district level between 2011 and 205M{yigdwn Graphic.

T L

Fig. 6: Number of Residents per Grid cell in 201bd#e), Number of Residents per Grid Cell in 2050 (B¢!/@wn Graphic

Against the above background, it may come as ngpriser that the observed spatial and demographic
development trajectories around the Emscher riveraasociated with a substantial increase in aeenag
rent prices: by 60.20% between 2011 and 2050 caedptr an only 26.17% growth in the whole Ruhr
region. Hence, it would now be extremely importentind clues for the amplitude and location ofegutal
gentrification processes, in order to apply timglgviation measures. Due to the high spatial te¢gmi and

the innovative computational methods of the MURM®Odel, we can easily identify districts which are
hotspots and cold spots for rent price changesruhdeHealthy City scenario. Figure 5 reveals ti@tspots
concentrate in central Oberhausen, north of Essemth of Bottrop, Castrop-Rauxel, the western
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neighbourhoods of Dortmund and in the urban cofétamnm and Hagen. In contrast, cold spots accumulat
in the outskirts of the Ruhr area. We must strege,hthat latter changes in mean rent price agelar
outcomes of residential and employment locationiacgsas well as demographic, transport and land use
change processes, as the six subsystems are eniglesaction throughout the modelling process.

6 CONCLUSIONS AND OUTLOOK

The present study firstly set out to give an ovamwof the five-step integrated methodology for gaering
and modelling urban processes across scales asttalied it with practical examples from the Rut@aan
Germany. Secondly, it made a case for effectivelynecting analysis findings with the internal dymaof

the multiscale urban model. Thirdly, we have séen dver time the closely entangled reciprocal dyinaf

the six MURMO subsystems led to a variety of sulisi changes in the urban structure. These may be
indicators for the following processes: attractirggv landscape and urban design projects, anchaniagge

of additional businesses (or superseding existimgsp or altering real estate prices along withrthasal
socioeconomic profiles. Finally, we showed how nilinig results can be applied to identify small scal
anchoring of major urban development processesruadghosen scenario. The primary intention of this
paper was that the generated knowledge may pravidghesive framework for both spatial and non-apati
measures. Several questions however still remalie tmore carefully investigated. For instance,ghgran
urgent need to improve the scenario approach $pabif for computational modelling attempts of unba
environments. We should seek ways to enhance dhaintifiability and modelling-applicability in ordeo
yield even more transparent simulation results.
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