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1 ABSTRACT

Rapid urbanization is changing our environment cgralong with decreasing green spaces in the urban
areas. As these green spaces can provide so ealtesystem services contributing to human well-heing
such as enhancing the micro-climate, noise reduotio provisioning of cultural values and space for
recreation, the citizens’ quality of life is affedt by this development. However, urban developrisettie
product of the interaction of multiple stakeholdarsl their awareness of these ecosystem servidew.is
Thus, tools are needed for better communicatidmoef the provision of services is influenced by aemof

the urban pattern applicable in stakeholder pasiton processes for urban development planning.

We present an urban modeling framework integrgtisigameters of ecosystem service provision in daer
enable stakeholders to optimize the distributioth @esign of urban green spaces. The approach éoped
and implemented for the case study of Altstetthn, rhost populated district of Zurich with about @®)
inhabitants and an area of 742 ha. Two differentdeting approaches are linked: 1) A Multi-Criteria
Decision Analysis (MCDA) is carried out taking intcount spatially explicit location conditions and
spatial structures for an optimization of greencgpdistribution at district level. 2) The resultingps with
land use information for each parcel are furthercpssed in a rule-based 3D procedural urban mote.
model is applying ecological rules of ecosystenasistraints and benefits for the distribution ofegrespace
elements on parcel scale. The resulting interagieeedural 3D visualization of possible urban grepace
patterns is a valuable basis for more informeddi@cimaking in urban planning.

2 INTRODUCTION

The world is going through an intensive phase dfanization. Today more than half of the world's
population lives in urban areas (UN-Habitat 20@). the one hand the concentrated population grawth
urban areas permits to provide a wide range oh&tfucture like effective public transport, pultiealth,
drinking water or waste disposal systems. On therdband, the demands of different local actorspeim
with each other and cause an increasing pressutieeoresource land in urban areas. However, in&tec
with the increasing dimension of urban areas, theufation and their need for resources like landood
and other services of the surrounding area gro\(E006). Caused by this intense use, urban spxadl
thus the fragmentation of landscape and habitate@ses while their quality decreases (Jaeger 2020).
However, urban green spaces are relevant objecbditn ecosystem networks and human well-being.
Therefore they are essential for aspects of regisoatainability. Due to both further expansion and
densification of urban areas green spaces tendstappmkar and access to open and rural landscapes is
vanishing (UN-Habitat 1996).

Thus, the aspired urban development combines thtegtes of urban densification and the "green dakn
treating ecological and social aspects (UN-Hal#tfi9, ARE 2011). One difficulty is the poor infortig
transfer to the different stakeholders. 3D viswdlons, which are easy to read even for laymen, can
overcome communication difficulties (Hanzel 200fnovative procedural modeling approaches allow to
easily produce large scale 3D city models basedesign rules (Muller et al. 2006, Wissen Hayeklet a
2010). The CityEngine systems allows to producédr qarocedural 3D city models (www.procedural.com).
In combination with an adequate indicator set, 3Ddkcape visualizations have shown to support
stakeholders in the analysis of landscape chaMyesén et al. 2008).

In this study an approach is presented, which rateg ecological and social aspects into urban hmgde
methods using multi criteria decision analysis angtocedural, shape grammar driven modeling approac
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We model urban behavior at district and at parasles to generate integrated and GIS-based 3D
visualizations of possible urban scenarios.

3 RELEVANT ASPECTS FOR MODELING URBAN GREEN SPACES

Urban green spaces have a wide range of direcinaiméct influences on human well-being, e.g. pdivg
habitat to diverse species, supporting ecologicatgsses, space for recreation or buffer areattoms
water. The following chapters give a short overvdwelevant aspects of urban green spaces.

3.1 Urban green spaces and human well-being

The perception of natural elements in our enviramnh@s a significant influence on physical activapility

for restoration from stress and thus on our wellhpeour performance and recreation (Tzoulas e2@07).
The availability of refuge, nature and biodiversitprrelates with the recreational potential of an
environment (Grahn and Stigsdotter 2010). Therefirean landscape should be considered more injense
in urban planning (Jackson 2003).

The relationship of urban green space and humalthheas researched in several studies (Kaplan 2007,
Grahn and Stigsdotter 2010, Pluhar et al. 201@ntB] mainly trees, have a direct influence onphysical
environment. They influence microclimate for ingtarby cooling (Robitu et al. 2006, Shashua-Barl.et a
2009), wind shielding and air filtering functioriddwak et al. 2006, Jim and Chen 2008). Attractime&loor
environments give the opportunity to maintain sbctatacts, which in turn is important for healtidgplay

a central role in social integration and sociesgl definition (Maas et al. 2009, Seeland et @09). With

all these affects well designed urban green spackancing the living space due to their services s
well a direct economic impact, namely they influennarket prices of houses and land (e.g. Luttik0200
Morancho 2003, Kong et al. 2007).

But wherever one can find positive effects, there megative ones, too (TEEB 2010). There are basic
disservices of ecosystems like pest damage caysexhe weeds on farmland (Zhang et al. 2007), mice
kitchen (Marsh and Salmon 2010) or toxication bydwierbs, berries or mushrooms (Moro et al. 2009).
Huge trees can prevent ventilation (Gromke and R@K7) and many tree species and shrubs emit feolati
organic compounds (VOCSs), which react with NOx toduce ozone (Benjamin and Winer 1998, Owen et
al. 2001). Benefit to one observer may be a hapdicanother. For example, climate regulation imsseof
cooling effect by shadowing may be a benefit beeaisenergy economization in summer, while in winte
times the effect is a disadvantage due to incrgasnmergy consumption (Heisler 1986). Even the sasld

like a medicinal plant may serve as medicine awngiges a disservice as poison in the wrong doserghat

al. 2009).

Since particularly in urban areas predictable c¢ctsfbetween people and nature should be avoidednpal
disservices must be addressed for sustainably rrapagban green (Savard et al. 2000, Lyytiméki and
Sipila 2009).

3.2 Ecosystem Services (ES) in urban areas

Ecosystems are a dynamic complex of life formsnfslaanimals and microorganisms) and their norgjvin
environment interacting as a functional entity (A03). These interactions are described as ecosyste
processes and ecosystem functions, which offepw @f vitally important services (e.g. food, watar
energy) to facilitate human life. Ecosystem funasiexist independent from humans whereas serviees a
defined as the benefits people obtain from ecosysi@nd are thus dependent of human needs (MA 2003).
Ecosystems require space and soil of adequatetygualiensure the ability to provide high quality ES
(Brauman and Daily 2008).

This concept of ecosystem services has becomesarglapproach to link ecosystems and human welfare
(Fisher et al. 2009). The Millennium Ecosystem Asseent (MA 2003) proposes four categories of ES:

« Provisioning services such as food, fresh watel, itbod or genetic resources

* Regulating services such as climate regulatiomadie regulation or pollination
e Cultural services such as recreation, esthetigfsali or intellectual inspiration

e Supporting services such as soil formation, nutreguling or primary production
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In order to protect fragile ecosystems and avoidl fland use conflicts (Vihervaara et al. 2010)isien-
makers should consider ES (Fisher et al. 2009, TEER).

Outsourcing the production of diverse requestedieSfood production or waste disposal out of atte its
hinterlands allows expanded urban areas. But thezeES, which have to be produced locally, like air
filtration or noise reduction, esthetical or edimaal services (Bolund and Hunhammar 1999, Yli-Be#én
and Niemela 2005).

In summary, ecosystem or landscape functions cavide services as well as cause disservices (Lyim
and Sipila 2009). The specific definition and ramjethis concept of services is still subject ofgoimg
discussions (Boyd and Banzhaf 2007, Brauman anlty R@08, Fisher et al. 2009, de Groot et al. 201D).
particular one discussion focuses on the definitibservices at landscape scale.

3.3 Ecosystem Services and landscapes

Landscapes spatially form the lived and experiefragdan environment. They enable both individual an
the society to fulfill physical and mental needs #&resource they have diverse functions: Theyiang
space for humans, animals and plants, provide faregecreation and identification and they are atisp
expression of the cultural heritage. Furthermdneytcontribute to creation of economic value. Laages
are dynamic interactive systems and developed bagethe interrelationships of natural factors, sash
stones, soil, water, air, light, fauna and florghiauman use and design (BAFU 2010:23).

At landscape scale the focus is on the aggregageasfystems and the built environment. Thus theeagmn
of ES should be widened for landscape considemtida Groot proposed the category “carrier fun&tidn
accommodate built structures (de Groot 2006). ékedbed and categorized the landscape functiohiglw
provide services) in five classes:

* Regulation (e.g. air filtering, prevention of seibsion)

« Habitat (refuge and reproduction)

e Production (e.g. food production, energy resouritiesr)

* Information (e.g. reflection, recreation)

e Carrier functions (e.g. habitation, mining or wadigposal) (Groot 2006).

3.4 Ecosystems under pressure

Even though a considerable part of the human papolaves in cities, humans are still highly dedent on
ES. Growing human population increase the deman&$o Thus the significant degradation of ecosystem
and their ability to provide ES of high quality pssa threat to human well-being (MA 2003).

The capability of ecosystems to provide ES is ddpahon their structure and on their intactnessicde
pattern quality plays a major role in urban ES miown (Alberti and Marzluff 2004, Yapp et al. 2010hus,
the management of urban green space to facilit@trovision of ES takes up a key role in urbammilag
(Young 2010).

3.5 Modeling urban Ecosystem Services

A model is a substitute for real systems (Ford 2B0I hey represent selective aspects of inteceshtible
targeted analyzes in order to learn something negutathe represented systems (Ford 2009). Scientifi
models are a simplification of reality, testabléow calculations, measurements and explanatiodstlagy

are fictive (Franck 2002). The desire and thusatiempt to understand the relations between spzttdrns

and their impacts on sociocultural and biophysimadcesses leads to complex combined human-nature
models (Altwegg et al. 2011, Pickett et al. 2011).

For sustainable urban development and green spategement participation is essential (UN-Habitat
2009). There is no universal solution for succdsgéuticipation, but an effective communicationpise-
condition. Further, modeling approaches are indisgbkle in order to assess and communicate consaggien
of policies and strategies. However, the highly ptax models are hardly understandable and are yrest!
called black boxes, which generate accurate budhhacomprehensible scenarios. Therefore, in
communication processes, where transparency arwdatsdity are important characteristics to avoid
misunderstandings, the simplicity and transparesfcthe models is one important requirement to dgvel

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



GIS-based 3D Urban Modeling Framework Integratinghs®@ints and Benefits of Ecosystems for Particiya€@ptimization of
Urban Green Space Patterns

comprehensible and valuable scenarios of landsdapelopment supporting participatory elaboration of
strategies.

3D landscape visualizations combined with relevamdicators have shown to be comprehensive
communication tools both for experts and laymeré{&egamey et al. 2008, Wissen et al. 2008). Howeve
visualizing urban areas applying conventional 3Bualization methods, placing 3D objects at the
geographically correct position, results in higtilpe consuming tasks due to the high amount ofviddal
objects. In contrast, innovative software programsyhich design rules encoded to shape grammars ar
leading the simulation procedure, allow to easilydoice multiple alternatives of urban pattern depeient
(Mdller et al. 2006, Halatsch et al. 2008). Thesacedural, shape grammar based modeling approaches
offer powerful tools enabling quick, beneficial andmpetitive 3D visualizations of complex city mé&xle
(Ulmer et al. 2007, Wissen Hayek et al. 2010b).n@rars have already been defined to shape the urban
environment, yet the procedural modelling apprdachsustainable urban development still lacks emgpd
and integration of the contribution of the natuealvironment to urban qualities (Wissen Hayek 2010a)
Overall, there is a need for a new type of moddlictv (1) focuses on the domains of interdiscipliiyan

order to allow a more holistic approach and (2¥ugable for collaborative urban development platf®
(Wissen Hayek et al. 2010a, Todorov and Marinovel20

4 CASE STUDY AREA

The 3D urban model is developed for the case sarédp Limmattal (valley of the river Limmat), an
agglomeration in the northwest of Zurich. Spectdus will be laid on Altstetten, the most populatétst
district of Zurich. It comprises an area of aboybkif and a population of 29740 (about 3'965
inhabitants/krf) (Statistik Stadt Zirich 2010).

Altstetten is a typical Swiss suburb and has aesgtative character. It combines local recreadi@a,
residential area and industry in tight space. Meeegat plays an important role as transit area gete to the
Swiss Plateau (Mittelland), as arising living spdoe a heterogeneous population and, with its large
population, as an important city district of Zurichhus, this focus area is ideal for analyzing etight
possible future situations and development stragedresults will be transferable to other (int@ajional
areas with similar characteristics.

Germany,

Baden;®

Zurich Altstetten:
‘S Area: 7.5 km2
Inhabitants: 29'740
Residential Density: 3965 people/km2 55
Immigrants:

> 2 / )20
. . ¥ SIS
g K & P - i

Fig. 1: Overview of the case study area Zurichtatten.

5 METHODS TO OPTIMIZE URBAN GREEN SPACE DISTRIBUTION

The complex problem of modeling urban patterns learsplit in scale specific sub-problems to enhance
comprehensibility. In this case study two approachee combined (Fig. 2). First, in order to find an
optimized urban green space distribution on distiale, a Multi Criteria Decision Analysis (MCDAge

for examples Malczewski 1999) is set up. The cati@h of multiple parameters and conditions is uged
calculate optimized new future urban pattern sgesdor the years 2030 and 2050. Output will barsdt
use map with a resolution of 25.m

B
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Second, at parcel scale the distribution of langsaabjects will be modeled. The required amourgretn
space elements like trees, shrubs, water pondspodss is allocated depending on the parcel's fancti
provided by the resulting GIS-maps of the MCDA. Tmatial distribution of individual objects insittee
urban green spaces is then modeled directly inoaggiural 3D urban model based on rules according to
green space types. Output is an interactive Gl8éa3D urban landscape model providing three-
dimensional views of urban landscape patterns.

-{ GIS Data || Constraints and Benefits of Ecosystem Services
| | |
I District Scale | I Parcel Scale
A 4 A 4 “
MCDA 3D Pattern Visualization
g Ecological Rules
|
Land Use Maps v
ww e b Procedural Model ||-

Fig. 2: Overview of the 3D urban pattern modelingrkflow.

5.1 Multi criteria decision analysis

At district level there are diverse factors to kgarded, depending on the considered problem. Tiig m
criteria decision analysis (MCDA) allows to combitizese different factors and boundary conditions
(Malczewski 1999).

The MCDA conjoins several objectives that are dbsdr by selected attributes. In case of ecological
social analysis of urban green spaces the availabflecosystem services is taken as objective. §pecific
green space types are relevant attributes alloiengeS’ provision. Thus, the goal is to optimizesth
distribution of the different green space type®ider to maximize the availability of ES. Optimigithe
distribution means optimizing land-use trade-offg.initial evaluation and weighting of possibledeaoffs

is made by experts to generate an initial 3D vigatibn. This initial model serves as basis forbbem
analysis by stakeholders adjusting priorities aneigits of the objectives. Thus, both environmental
dilemmas like the potential disturbance of quadityecosystem services or the occurrence of digses\(see
section 3.1) and different stakeholder interests adressed in this land use modeling process. The
algorithm of Linear Programmingallows calculating the spatial optimization of tiend use. The
stakeholder involvement is taking place at a latEnt, based on the modeling outputs of the iniigbert
evaluation.

Output of the MCDA is a map, describing the optimizand use structure (land use map). In ordercem
urban green space factors and quality requirenveat®cused on social and ecologically relevant dbjes
represented by the following exemplary selectioregiuested ecosystem services:

Ecosystem Service Indicators Relevant green spagges
Food production Net amount of agricultural prodaieti | Agricultural land
Diversity of agricultural usage
Habitat Amount of flagship species Parks
House gardens
Civic greens
Forests
Abandoned land
Ponds
Fields
Other urban green spaces
Social services Comfortableness of the area Parks
Usability of the area House gardens
Number of users Forest
Table 1: Selected ecosystem services, indicatatsequired green space elements used to modelapiitman green space
distribution
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5.2 GIS-based procedural modeling

GIS data is essential as a base for 3D landscapalizations suitable for planning purposes. Thegdural
approach allows to combine GIS data with rules wdleisg surface elements and structures.

Requested data sets for 3D visualizations are itallevation model (DEM) as a 3D surface, a lasd
map or an allotment plan with land use informatmrisualize landscape elements.

Parcels can get aligned to the DHM and linked wgfined rules. Thus, implementing the rules on garc
lots results in reality based 3D visualizationyafious levels of detalil.

5.3 Integration of ecological knowledge into proceduralirban modeling

For integrating ecological landscape aspects iftarumodels, ecological characteristics and relatitave

to be translated into discrete model parametersfandtions (Wissen Hayek 2010b). For example the
distribution of trees is an important parameteftasfdscape quality. Relative position is crucialptovide
optimal shading in order to maximize the coolinéeef in the summer (Raeissi and Taheri 1999). Other
potentially relevant aspects of trees are size, sfgecies, water usage, pest resistance or shap&(gzen

et al. 2003, Gomez-Mufioz et al. 2010). The releeapects have to be selected depending on thedndal
case specific requirements.

The procedural, grammar based modeling approaowsilto implement such parameters and relations as
model-parameters and functions. 3D visualizatiohghe MCDA's resulting future urban patterns are
generated in order to support participation proegsg/e apply a procedural approach, based on écalog
and design rules using a computer language namedsb@pe grammars. The latter are implemented in the
CityEngine system (www.procedural.com). The systam quickly visualize urban environments of angsiz

in a three-dimensional view, and thus supportsuatain of alternatives and iterative design wonk#o
Ecological aspects are encoded to rule sets stagtin shape grammars producing patterns by seglignt
applying rules on modeled land use patterns fotiapdistribution of features. An implementationagxple

of the distribution and height of trees on lawngiigen in Table 2 and Table 3.

attr treedist = rand (6,10) # Distance between trees

attr grassheight = 0.1 # Height of grass

grasscolor = "#CCFF99" # Color of soil

s Species sifieattributes - ------ - oo ooo oo #iH
treeX = "tree.obj" # Import of the 3D tree object
treeX_height = rand(2,10) # Height of the tree species X
treeX_width = rand(4,6) # Crowd width of the tree species X
treeX_waterusage = 180 # Water usage of the tree species X

Table 2: Example of the definegological attributesn the grammar based model source code.

Lot --> # split east-west and plant trees along the houses
split () { lawn | tree area | building | tr@ea | lawn} # Create Lawn

Lawn --> # Place trees with lawn in between
extrude (grassheight), color(grasscolor) # Insert 3D object on every“place (50%)

TreeArea() --> # Place trees in a specific distance to the house
split (z) {~treedist: Tree, Lawn}* # Define height

Tree --> # Report indicator water usage

50%: i(treeX)
t{(treeX_height/3),0,0}
s(0, treeX _height,0)
report("Water usage", treeX_water)

Table 3: Example of the definetological relationsn the grammar based model source code.
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Fig. 3: Example of a GIS-based 3D procedural urbadeling output applying rules given in Table 2 &nd

6 RESULTS: APPLICATION EXAMPLE

We present an example of applying the proceduraetivag approach on district level in our case stacba
Altstetten on the land use map. We demonstrate Umdan green space distribution can be visualized in
order to assist participation in urban planningcpsses.

In order to present the current state we usedahe tegister as data basis. In the land registeelsaare
defined and limited by its land use. The shapes footh a gap and overlap free surface, which isresd
for visualizations of high quality. In the firstegt rules to represent specific land use typesfigtds, house
gardens, forests, water and sealed areas suclildiadms) streets or railways were defined. In aosekstep,
these rules were linked to the parcels throughattgbutes. Thus each parcel has a rule descriliing
structure. To create the urban 3D visualizationrtlles are executed on the parcels. In that wagy 3D
urban patterns can get adapted to problem- ospgeific requirements by changing the specific.rliteus,
such visualizations can assist planning procedisepdarticipation workshops as impacts of discugsaity
strategies can get analyzed by adapting the rtlie seal time. Combined with adequate indicatamsplex
analyses are possible based on the 3D model.

Fig. 4: GIS-based 3D urban model of the case s$itdyZurich Altstetten.

7 DISCUSSION AND CONCLUSION

We presented a GIS-based procedural modeling agp@ansidering ecological aspects in order to stppo
participation in urban planning processes. Main go# integrate cause-effect chains of ecosystemices

in a qualified modeling process for stakeholdetip@ation. Thus the modeling system has to renadia
comprehensible complexity level to allow stakehodd® understand the consequences of their desision
The highly complex correlation of residents, traffind real estate can be modeled by existing sgsterm.
UrbanSim. We expand these complex modeling appesatly ecological aspects and visual processing
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preparing a basis for stakeholder discussions laruiplanning participation processes. The integmnadif
GlIS-data and ecological parameters in the procédumeling approach allows to produce spatially
adequate thematic 3D visualizations. These arealdaitfor modeling landscapes and analyzing both
qualitative and quantitative landscape aspects.

A next step will be the modeling of optimal gregrace element distribution in urban green spacestype
visualize and analyze the existing green spacenpaten form of indicator values of the currentgsible
provision of ES.
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