reviewed paper

Theoretical Framework for Integrated Neigbourhood Development to Ensure Ecological, Social and
Climatic Performance

Sophie Thiel, Ernst Gebetsroither-Geringer, Kalriiming, Theresa Fink, Martin Schneider, Marianne
Bugelmayer-Blaschek, Doris Damyanovic, Florian Reild

(Mag Dr. Ernst Gebetsroither-Geringer, AlT Vienamst.gebetsroither@ait.ac.at),
(Dipl. Geogr. Katrin Lénig, pulswerk GmbH, loening@lswerk.at)
(Theresa Fink, MSc, AIT Vienna, theresa.fink@aitfc
(Martin Schneider, MSc, AIT Vienna, martin.schne@ait.ac.at)
(Marianne Bligelmayer-Blaschek, PhD, AIT Vienna, mam@buegelmayer-blaschek@ait.ac.at)
(Assoc.Prof. DI Dr. Doris Damyanovic, BOKU Viennaris.damyanovic@boku.ac.at)
(DI Dr. Florian Reinwald, BOKU Vienna, florian.reinld@boku.ac.at)

1 ABSTRACT

Urban development is traditionally a planning taekwhich many individual aspects, strategies and
measures have to be considered and coordinatetb-&mmomic, socio-demographic and socio-cultural
change, fast growing cities, densification, suppiygreen infrastructure, resource management tcernam
few, are all urgent issues of our time that reqareintensive examination of the challenges foraorb
development, as well as the development of coptrategjies. Last but not least, the needs of climate
protection, the consequences of climate changatanglobal loss of biodiversity are (emerging) pieg
challenges for urban planning which have to be idened within all processes. At the same time, naoe
more data and tools are available, which - propprbcessed, used, examined and evaluated - sughgort
cities in the design and implementation of theibamr planning and urban development strategies.eThes
tools are also increasingly used to automate angl$y these processes and analyses.

Due to the complexity of challenges the common @@gh in urban planning is a sectoral approach (Ovin
& Boeijenga 2018, Juschten et al. 2021) where iddad experts analyse their field of action andeolsn
these develop sectoral solutions and measurese Hnemumerous sectoral strategies in and foscii@me
of which contain contradictory planning requirensenith respect to other sectors and therefore tiépec
need of intersectoral and comprehensive plannirsgegfies. The second approach necessary for itéegra
neighbourhood development is to consider the diffeplanning and policy levels. Planning decisiahs
higher levels influence local decision-making pbiities and vice versa.

The aim of this contribution is to present the depment of a theoretical and methodical concept for
integrated and participatory neighbourhood devekmurprocesses. The article is based on a reseajgtip

in the market town of Lustenau with around 25,000abitants in the Austrian state of Vorarlberg. The
market town of Lustenau is taking a large-volumecadional building project in the quarter Rotkrdaz
address integrated, inter- and transdisciplinaryetigment of an existing neighbourhood. The res¢earc
question is: “How can integrated neighbourhood traent be implemented taking into account climate
protection, climate change adaptation, ecosystemices of urban nature, biodiversity and social
concerns?”. This contribution describes how thésdd can be characterised, analysed and incogabiat
master planning processes and how digital toolp@upthe analysis and balancing of these different
requirements.

Keywords: urban planning, social justice, biodivtytsclimate resilience, digital tools

2 INTRODUCTION — INTEGRATED PLANNING AS AN ANSWER TO THE SOCIETAL
CHALLENGES CHALLENGES

With the large-scale educational building projectthe neighbourhood Rotkreuz, the municipality of
Lustenau wants to address the integrated develdpafean existing urban quarter. This includes éxgst
non-profit housing estates from the 1940s and 198f®o0l and kindergarten buildings, communal aager

a planned new "Assisted Living" project, as welln@sv public open spaces serving the diverse contgnuni
and connecting the area ("Rotkreuz Generations "Paflhese plans and changes affect the entire
neighbourhood.

The main role of urban planning is to coordinatfedént demands on limited space. Urban planning is
therefore an inter- and transdisciplinary field $pees et al 2011). Grand environmental challeniyes |
climate change, global resource scarcity or sdceftallenges pose new challenges for urban devedapm
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which have to be taken into account (see chapfer @etails). Due to the large number of people sextors
and their diverse interests and issues involveahrphg processes and construction projects arentiego
increasingly complex. This complexity leads to lgrygand expensive planning processes, which is
challenging especially for smaller communities aitgts. On the other hand, there are more and mhatz
and digital tools that can support analysis andrplag itself on different planning levels.

Using the example of the market town of Lustenhis, article shows which challenges currently havbe
taken into account in planning and how these requents can be supported by using various analgsis a
simulation tools. The aim of this contribution sfresent the development of a theoretical and odatal
concept for integrated and participatory neighboachdevelopment processes. The research question is
"How can integrated neighbourhood development b@emented taking into account climate protection,
climate change adaptation, ecosystem servicesbainunature, biodiversity and social concerns?'ttiSta
with a description of the actual societal challengeban planning has to face, five fields of actionan
integrated neighbourhood development are descrévet] digital tools presented, that support integrate
neighbourhood development.

3 CHALLENGES IN URBAN DEVELOPMENT AND INTEGRATED NEIG BORHOOD
DEVELOPMENT

The EU has identified 7 priority societal challeslgthat also affect urban planning or where plannig
expected to come up with solutions (Cohen-Shachaah 2016). For the urban development processes in
Lustenau the following aspects are central (forsilection of challenges see also Section 4.1):

3.1 Climate change and loss of biodiversity

Due to climate change, meteorological patternsoairring with altered frequency and intensity (@C
2022a, APCC 2014). Over the past years, extremeipiiagion events, prolonged droughts resulting in
wildfires, and yearly summer heat records occurfedther changes in climate signals and an increase
extreme events are expected in the future accorindjfferent simulations. Extreme events can inipac
settlement areas through multiple aspects: endemggéhe health of the population, damaging crucial
infrastructure for e.g. mobility or energy and #i®y altering the energy supply and demand, asagetther
sectors (OROK 2021). In particular, changes in &majure and precipitation have an impact on spatial
development. Above all, rising temperatures, heam events, but also longer periods of droughtaare
challenge for settlements with densely populateshsarbeing particularly affected due to sealing and
overbuilding. The construction and overbuilding dinel associated sealing of natural surfaces, dsawé¢he
increase in process energies are the main faasponsible for the development of urban heat islamte
urban heat island effect and disturbed local weyetes exacerbate the effects of climate changetlé{u
2011, Pauleit & Breuste 2011). Further, the sealefiaces allow no infiltration of rainwater, theyed str
also lacking the cooling effects of evapotranspratAt the same time, the water absorption capauifit
available green spaces, such as unsealed soilvegygdation is often impaired because of too compact
characteristics — consequences of the permaneratiaibs due to traffic, leading to a change in Wader
regime. Overall evapotranspiration, groundwatehaege and purification capacities of the soil @@uced,
while surface runoff and pollution levels of waberdies as well as the dryness of the air increase.

Since 2013, the potential of climate-effective gretructures in settlements has been promoted éo¥eth
Green Infrastructure Strategy (Gl) (European Corsiois2013). The Green Deal and the EU Biodiversity
Strategy 2030 (European Commission 2020) refdremecessary interlinkages between these struaunckes
strengthening biodiversity. However, the potental biodiversity in cities and settlements is stilidely
neglected, both by urban planners and by naturespadies conservationists. The appeal for a “Dappel
Innenentwicklung” [To use space reserves in th&dmg land in a structurally sensible way, buttet same
time to develop urban greenery] as a response pulgion growth, land consumption and climate
protection means that conserving urban biodiversityich has received little attention to date,veremore

! 1. Health, demographic change and wellbeing, ZdFsecurity, sustainable agriculture and forestngrine and
maritime and inland water research and the bioeogn@®. Secure, clean and efficient energy, 4. Snyagen and
integrated transport, 5. Climate action, environtnessource efficiency and raw materials, 6. Europa changing
world - inclusive, innovative and reflective so@st 7. Secure societies - protecting freedom @edrity of Europe
and its citizens.
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necessary (Kihnau et al. 2017). This calls for neaitoclusive planning that understands the valubult
urban nature. In this context, nature-inclusive mseaffering plants and animals opportunities feinj and
settling in their own dynamics and no longer seeiagure and settlement as opposites (Fassbinde; 200
Hauck & Weisser 2015).

3.2 Demographic changes and social justice

More than half of the world's population currentibjes in cities and this proportion will continue tise
(United Nations 2019). Certain groups have alwagsnbmore exposed to the risks of social exclusiwh a
marginalisation because of their age, their gendentity, their physical abilities, their socio-emmic
status and their ethnicity, religion or origin. $hexposure phenomenon has come to the fore of
understanding cities and developing policies famnih(Andersen & Van Kempen 2003, Atkinson 2000,
Madanipour 2004, Woodward & Kohli 2001).

Climate change combined with poor planning is legdb a climate crisis for people. Climate impaasi
consequences of climate policy measures are mgeges@ socio-economically disadvantaged groupy. Ke
vulnerability characteristics are low income, agewe 65 years, health impairments, migration bamlkgd

or low education level. A total of 56 % of the Atiah population over the age of 15 exhibit at leas of
these characteristics and can therefore be coesigarticularly vulnerable to the consequencediofate
change (BMSGPK 2021). Also, infants and childredolwethe age of 5 years and women are more
vulnerable to climate change. When certain impastgsses, e.g. heat or immission load, meet vbiitya
characteristics the result is material or healtrigation (BMSGPK 2021).

3.3 Energy and mobility

77.01 % of the greenhouse gas emissions of all resthtes of the European Union can be attribwtellet
energy sector (Europaisches Parlament 2019). Arauhdd of this is due to transport. In the enesggtor,
there is potential for climate protection bothlive tarea of using the energy potential of sustainfdsims of
energy and in the area of increasing efficienay, @ heating and cooling requirements.

While in the building sector energy consumption ldobe reduced between 2011 and 2020 there was a
further increase in energy consumption in the nitybdector in the whole of Austria and in Vorarlger
Despite efforts and investments to facilitate priblansport, cycling and walking, the overall grieemse gas
emissions in Austria increased alarmingly by 74.4n%he mobility sector between 1990 and 2019 (BMK
2021). Transport — with over 40 % as the largesiseaof climate-damaging emissions — must make a
significant contribution to the reduction of COZ2 issions in the future. To achieve the national éarg
according to the federal government's integratedateé and energy strategy, emissions from the ritypbil
sector in Austria are to be reduced by 31 % conthtoe2005 (BMNT/BMVIT 2018). Given the limited
successes to date and even more foreseeable gairesmobility sector while at the same time thestian
federal government wants to achieve climate netytrelyy 2040, this is a particular challenge. Theref
changes in the modal split are predominantly relef@ the reduction of greenhouse gases from ritgbil

3.4 Settlement structure and infrastructure

The settlement structure has a central influenctherchallenges described above. The share ofuiitairiy
sector alone accounts for around 10 % of Austrigeighouse gas emissions in 2019 (UBA 2021). In
addition, the settlement structure determines #eeaf land, the use of resources for developmenti@athe
degree of sealing, the degree of greening. A desrsgtimore compact urban structure is the preraquisi
short distances and dense public transport asagellalking and cycling networks, and are the bfmsis
optimising the energy system and using land splrir®ingle-family houses have the highest propartid
energy demand compared to denser building typeth) Hdaoring construction and operation with their
development infrastructure and road constructigirements being energy intensive (alpS GmbH 2019).

With clever planning, the energy transition is suped by measures that promote energy-efficientiapa
and settlement structures in a way that supportgtstal energy savings, mobility and grid-basedrgn
supply (Stoglehner 2021).

The settlement structure, the development structun@ the density also determine the possibilitas f
building and maintaining everyday life infrastrugtuln combination with good accessibility and ghhi
quality of everyday life infrastructure facilitieeyerall distances are shorter, chains of pathsapported,
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the autonomy of the residents is promoted andrimthie energy consumption for mobility is reducBtum
et al. 2018).

3.5 The interplay of challenges - integrated urban planing is necessary

All of these challenges have in common that theyuadly influence or condition each other. In thentext

of energy planning, denser overall development@mdpact buildings are a prerequisite for shortatices
and a dense public transport, footpath and cydle patwork. At the same time, they are the bagighe
optimisation of the energy system and the econdnisa of land and soil (alpS GmbH 2019). However,
denser development leads to a loss of green spackthus biodiversity. This means that their ecesys
services, such as temperature regulation are ihoktree local water cycles are disrupted by the liggree

of sealing. Changes in demographics also have aadhon the use of buildings. The population dgnsit
tends to decrease in neighbourhoods that are effday an ageing population (alpS GmbH 2019). This
means that the infrastructure is less utilisedew mfrastructure facilities are necessary - esgisted living
instead of children's playgrounds. All these cotinas and interactions make an integrated neighimmgd
development necessary.

There is a need for comprehensive and inclusiveraggpes to overcome these challenges (Ovink &
Boeijengap 2018). Integrated urban planning aimevatcoming sectoral or silo approaches to fodter t
collaboration of different sectors and disciplin€allaboration instead of competition or compromisis
necessary. Only with an integrated approach theevadr all stakeholders can increase. In otherscaséy

an average result (compromise) or a one-sided @attimn (competition) is achieved (Wertheim 2002).

Current challenges manifest themselves on diffggehty and planning levels (Kok & Veldkamp 2011r).
addition to horizontal intersectoral coordinatiamegrative neighbourhood development thus alsaires
vertical coordination at the various planning awfiqy levels as well as fields of action in urbdamming.
(Geerlings and Stead 2003). Measures to reducedd@issions from transport need for example haveeto b
considered on a large scale (e.g. modal splitalad on the local level (qualities of road opencesq The
same applies e.g. to biodiversity, where a smalidpe can make a local contribution, but at theestime
the large-scale distribution has to be considered.

As urban planning sets the preconditions that deter long-term influences the build environment &nas
also social structure, green spaces or energy ogtgn, a horizontal integration of different plamp
fields but also a vertical integration of plannisugd policy levels is necessary for integrated rgiginhood
development. This is where the IQ_Lustenau resganajbect comes in.

4 MATERIALS AND METHODS

4.1 Inter- and transdisciplinary, integrated research pocess set in a real laboratory

In order to meet the challenges of sustainablerudsvelopment, Wolfram et al. (2016) point to reskea
that should capture the spatial-institutional camjsl of urban transformation processes and movmattti-
systemic approaches. In an interdisciplinary aadddisciplinary, collaborative approach, the redeégam
is developing a novel toolset tailored to the d#fd integrative planning processes that demomsitat
feasibility in a proof of concept.

The research approach and methods follow the edadratory approach (see also Chapter 5.1), which
enables the research team to test new technolftgi@s) in the existing project location withoutvireg to

be anchored in the legal framework (BMWi, 2019)e®im is to couple the development of the toolstét w

a regulatory learning process in order to ultimaieiplement it in day-to-day planning (Wolfram dt, a
2016; BMWi, 2019).

4.2 Desktop research, policy analysis and participation

In order to provide a framework for programming fhecess of integrated neighbourhood development,
basic research was carried out on urban planningegses (e.g. master planning processes) and on the
requirements of an integrated planning process.dliewas to define planning instruments and proeesiu

for programming, which should enable high-qualitgparation and process control. In order to retbed
needs of the community and to develop measuresor@eative manner, a comprehensive policy aralysi
of the spatial and social development target sysiethe community was carried out on the one hardlaa
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participation process was initiated with the vasiaepartments of the community on the other hahe. T
policy analysis was conducted to identify differstrategies for urban development on federal statecity
level following the method of qualitative contemtadysis (Mayring 2021, Kuckartz 2016).

An integrated neighbourhood development requiresitblusion of different perspectives. Interviewihw
planning experts of the market town were condueted workshops implemented to identify the sectoral
challenges and objectives. Based on these redies,fields of action for integrated neighbourhood
development could be identified (see chapter 5).

4.3 Data, tools and instruments to support resilient,ntegrated neighbourhood development

In recent years, the progressive application of paational design tools to urban systems in urbesigh
practices has enabled exploration of physical splceomparison to conventional forms a new type of
digital modelling is revolutionising the planningopgess and the way we can design resilient urban
environments (Koenig et al. 2020). A parametric glasl able to generate many iterations of desighd¢hn

be modified, examined and evaluated. The use diatlipols should support the planner in generatirage
resilient designs by providing a fact-based denisi@aking basis. There are different tools and mees at
the scale levels (e.g. GIS, Rhino, CAD, Buildindfoimation modelling) of planning — the interfacasla
interrelationships stand out as particularly impott In order to design a resilient and integrated
neighbourhood, coordinated processes and procedunesneeded in the exchange of data and the
performance indicators.

In addition, there is more and more (social-spatated) data available nowadays that - properlggssed -
supports urban planning and urban developmentehkisg coping strategies for the emerging probleins o
our time (see section 2). Increasingly, digitalnpliag instruments and planning tools are being used
automate and simplify this processing (SperanzabROBor this reason, computational urban planning
methods and digital tools are particularly effegtivn simulating measures and the effects of plannin
decisions in a transdisciplinary approach. Thidudes micro-climate, biodiversity, energy, mobiléyd
other planning aspects. New capabilities of digitalaboration (online, virtual/mixed reality) alloexperts
from different disciplines to be involved in co-atidn processes. This enables a high degree dpaaency
and time-saving planning processes and use-orieagedts in scenarios can also be developed.

5 RESULTS - FIVE FIELDS OF ACTION AND DIGITAL TOOLS T HAT SUPPORT
INTEGRATED NEIGHBOURHOOD DEVELOPMENT

Due to the project’s spatial scale as well asatsad and political importance, the following cledbes were
identified within stakeholder workshops and diseuss with the municipality for the development bkt
neighbourhood Rotkreuz: (1) Consideration of défdrsocial groups and their demands on settlement,
infrastructure and green space; (2) Lack of awasnad analysis of climate change and loss of \xosity,

as well as the need to provide space for the dpueat of ecologically resilient urban districts;) (3
Integration of measures for climate protection, ¢dibmate change adaptation, ecosystem servicesbainu
nature and social issues in everyday municipalmienfor district development.

Figure 1: Overview of the neighbourhood Rotkreuze &rea outlined in red includes the school andédgarten conversion, a new
park, assisted living and the redesign of streengpaces that influence the whole neighbourhood.
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5.1 Objectives and guiding principles for urban develoment of the market town Lustenau

To embed the integrated development process ohdighbourhood Rotkreuz in present policies, several
pre-existing guiding principles were identified policies at local, regional and federal state leVUdlese
guidelines for spatial development frame the irdesg process for Lustenau as described above:

e Targeting cross-divisional cooperation (Eichbergef6; Amt der Vorarlberger Landesregierung
2019a) and “taking collaborative action” involvikgrious stakeholders (alpS GmbH 2019)

* Long-term protection of the functional capacityesbsystems and their biological diversity through
the preservation and creation of biotope netwodasirand stepping stones (Amt der Vorarlberger
Landesregierung 2020)

« Preserving existing biotopes and natural elemenitge.-trees, shrubs, meadows, dry stone walls,
water bodies, etc. — to ensure a high level of ib@dity (Lenz et al. 2022; Amt der Vorarlberger
Landesregierung 2019a)

* Preserving, developing and connecting open spagdsgeeen infrastructure as a key driver of
quality of life (Eichberger 2006)

* Frugal and responsible use of land should be eadotzy active land policy and by actively
addressing climate change adaptation (Eichberdes;20pS GmbH 2019)

« Polycentrism should promote urban quarters wiga-sjtecific qualities (Eichberger et al. 2016)
« Moderate densification, neighbourliness and shisthdces shape the community (Eichberger 2006)

* Promoting environmentally friendly mobility — i.eycling, walking, public transport — with a
primary design focus on re-establishing socialti@ta, high quality of stay and overall safety for
inner-city streetscape (Amt der Vorarlberger Lanegierung 2011; AG Lustenau mobil 2012)

e Understanding immigration and pluralism as a stiterapd opportunity and strengthening social
cohesion by participatory processes (Amt der Vbeader Landesregierung 2019b)

Accordingly, these thematic guidelines aim at petytcic, compact urban structure with small-scalixeh
use urban quarters that offer living, working, estignal and recreational opportunities for high Iqyanf
life for all while preserving natural resources.

5.2 The five fields of action of an integrated neighbathood development

Based on the challenges and guiding principles ritest above, the requirements for an integrated
neighbourhood development and the goals of the ebarbwn of Lustenau in the area of spatial
development, five fields of action were identifiaghich are analysed and processed in the projett an
supported by digital tools (see Figure 1 below): ¢lmate smart; (2) biodiversity, (3) social justj (4)
sustainable mobility, and (5) accessibility. Thédwing sections describe which topics and conteuast be
considered in order to be able to support integrasighbourhood development. Based on this, ihisve
which tools can support them. Tools were identifiedthese fields of action that enable qualifioatior
guantification, support the weighing of the intéi@ts of measures and thus enable integrated pignni
processes (see section 4.3).

MARKTGEMEINDE LUSTENAU
PLANNING PROCESS Campus Rotkreuz

OBJECTIVES & \;F(% Ogo éié @j ;q_’ PLANNING

_ . . PROCESS FOR
CHALLENGES [C“ma*ej[amdiversnyj( soctal ] E“;ﬁ;;;gﬂ E\cc sihilita SOCIALLY
RESPONSIBLE,

Syer) g @ i} _
vemops | 022 R T

o : o NEIGHBOURHOOD
& TOOLS Participation & Scenario Analyses & Visualisation & DEVELOPMENT

Co-Creation Development Simulations Planning

Smart Justice

Toolbox .Use-Case .Municipality

Figure 2: Use of the various tools to achieve theessary goals for the implementation of socialsg,jclimate-resilient and
ecological neighbourhoods in the various phasesafitegrated planning and implementation process.
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5.2.1 Climate smart

This field covers both: climate change mitigatiow a&limate change adaptation. Measures in this lzaea
both synergies and conflicting goals and must foeeebe considered together from the outset. Irfdahe of
current climate trends of rising temperatures,dasing heavy rain events but also droughts muritigsa
are required to implement climate smart stratetgideep their districts both liveable and enjoydbletheir
inhabitants and reduce energy consumption. Especialcities with dense urban environments, locally
strengthened effects of climate change such adJthan Heat Island Effect (UHI) demand even greater
efforts. Climate resilience in general refers te tapacity to cope with hazardous events and tremviite
also maintaining the capacity for transformatidnQC 2022b).

The federal state of Vorarlberg and thus the mpaity of Lustenau are also confronted with those
developments. According to the OKS15 (2016) sceriarthe state of Vorarlberg, the mean air tempeeat
will increase by 1.2 °C (RCP4.5 climate protectsmenario) to 1.4 °C (RCP8.5 - business-as-usuabsicg

by 2050 and up to 4 °C by 2100 (RCP8.5). Due toptfeximity to the river Rhine and the generallyhig
groundwater level in the region, there is a higtk f flooding despite flood protection measuresthis
case, too, climate-conscious planning must minientbe impact of flooding in the region. Therefdtds
important to incorporate relevant climate forecéstg. EURO-CORDEX, or derived climate indicatardgp
planning practice in order to show the precipitaonounts that are likely to occur in the wholdaeg

More than two thirds of the total energy consumptid households in Lustenau is used for room hgatin
(alpS GmbH 2019). 40 % of the single-family houaes heated with oil. In multi-apartment buildingas
dominates as an energy source. In comparison, B®plays a minor role in Lustenau (alpS GmbH 2019).
The average energy consumption per person for rindgion of room heating, hot water and electricgy
largest in single-family houses with 11,645 kWh pear and smallest in the multi-apartment buildings
4,769 kWh per year (alpS GmbH 2019). Overall, the of energy of the market town of Lustenau is
determined by the fossil energy carriers oil ansl g@r households, the share of renewable energlyast

30 % (alpS GmbH 2019).

The A/V ratio (the quotient of the heat-exchangimgter surface A, which gives off the heat to the
environment, and the heated building volume V) nisiradicator for the compactness (built-up area and
number of floors) and the energy demand of a ugldirhe smaller the A/V ratio, the more compact and
thus energy efficient the building. Average A/V ioafor the market town of Lustenau is 0.74. For
comparison, the Hannes Grabherr housing estategralistral3e - one of the densest residentialsairea
Lustenau - has an A/V ratio of 0.47 (alpS GmbH 2019

5.2.2 Biodiversity

Biodiversity loss and climate change are interlthke many ways, since nature-based solutions irfiéhe

of green infrastructure - as one of the most effechidaptation strategies - require functioningsgstems.
The loss of biodiversity therefore reduces theitghib adapt to climate change. At the same tintieyate
change itself is one of the main reasons for ttes lof biodiversity and, therefore, requires a gron
committed climate policy. Achieving climate changgaptation goals will not be possible without imtac
vital, resilient and diverse nature. However, diesgifforts in nature and species conservation amades
successes in individual areas, further lossesadfivrsity could not be stopped. In 2019 in Austéda% of

the habitat types and 34 % of the species assessrsigow an unfavourable to poor conservation status
(BMK 2020 — based on the EU Habitats Directive)e3édy in turn, are a prerequisite for high biodiigrs
The main strategy for the settlement areas is@sgmwve and to expand public green spaces as walivase

and semi-public gardens. Existing natural strugtumeust also be preserved, corridors developed and
particularly sensitive areas protected.

The settlement area of the market town of Lustermemprises 780 ha, of which 8.3 % are road area% 16
are building areas and 1.2 % are water areas.%®/ae designated as building land, of which 13 & ar
building land reserves (alpS GmbH 2019, 8). Andrdd evaluation indicated a share of sealed arézein
municipality of already 48 % in 2015 (alpS GmbH 2026) with the trend rising. A part of yet undenmdd
building plots are important biodiversity refugesdaserve as stepping stones for the biotope network
(Pulswerk 2022). Simultaneously, they can act aswace of cooling and cold air conduits. This most
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considered with regard to the necessary (re)deasifn of inner-city areas in order to reduce oNdaad
consumption and to use synergies with this alreadisting green infrastructure.

Instead, a gradual de-densification of residewfigdrters — a development contrary to redensifinagiborts
— was found in the averagely low occupancy ratewldings (three inhabitants per building) in Lusie
with every second single-family house hosting armyto two persons (Eichberger et al. 2016).

In conclusion, in Lustenau there is a high proporof undeveloped, greened areas, some of whicktillre
ecologically valuable remnants (e.g. typical orchareadows), but most of these remaining biotope®ar
the fringe of their existence due to being desigmhads building land. The difficult legal framework
conditions call for strategic protection of thegehards as well as deliberate densification corscegth
alternative implementation strategies (Eichber@€62 Eichberger et al. 2016).

5.2.3 Social Justice

A central approach to deal with social change pses and the related (urban) spatial and planning
challenges, as well as in the implementation ajeagroup-oriented urban planning, is to focus ocias
space. The concept of social space includes the&ahatddressing and consideration of the interastion
between the built environment and different sogralups. Henri Lefebvre (1991) describes (sociadcepas
(socially) produced and effective in everyday liféae socio-geographic approach was adopted in wben
spatial sociology and leads to a relational undedihg of space, as arrangements of living beingssacial
goods in places (Low 2001). Understanding thesatioslal social constructs means to better undefstan
interrelations between places and people whichelg flor being able to foster social justice in urban
planning. Structural principles such as genderaascross all levels of socio-spatial constitytiarwhich
societal privileges or disadvantages are embeddezirelational perspective can be applied to (deizact
such social constructs in order to address indipgland discrimination and acknowledge that adiséh
social concepts are always a product of intercaecsocial processes (Crenshaw 2015, Damyanovic &
Horelli 2019, Knapp 2005, Thiel 2020).

To aim at socially just (public open) spaces meariavolve a complex web of multiple spatial, sbé&ad
economic factors to provide all residents with $aene opportunities to access, use and enjoy tha<iivell

as to fully participate in the production of urbspace (Harvey 2012; The World Bank, 2020). Dale and
Newman (2009) pointed out the need to link livagbilvith social equity, or else risk gentrificatia@t the
cost of accessibility and social inclusion. Thediyug principle for action in that regard is a gendeuitable
city of short distances that is suitable for evesytife, with barrier-free urban spaces and opeacep that
can be used in a variety of ways.

In the last 15 years, the number of people livimyorarlberg has increased by 40,000 to over 390yiith
immigration having a key role in this. Comparedhe population development of the whole of Austiiés
growth is above average. The population growtm w&ill be mainly taking place in the urban araashie
Rhine Valley, especially in the district of Dornirwhere Lustenau is located (Amt der Vorarlberger
Landesregierung 2019b). According to the "Region#opulation Forecast" (,Regionale
Bevolkerungsprognose*) from the federal state ofaviberg an increase of about 12 % compared to the
reference year 2020 is expected for the market tofMoustenau by the year 2050 (Amt der Vorarlberger
Landesregierung Landesstelle fir Statistik 2022}hé district of Dornbirn the proportion of thepgubation

of particularly vulnerable groups - such as thoger 85 years of age for example - will increasenfra,000
today to over 5,700 by 2050 according to the ssedle population forecast of OROK (2021). To adhiev
social justice, planning has to employ a site- gnoup-specific approach that creates more equitable
processes, access to resources, and systemsdoowgiis.

5.2.4 Sustainable mobility

According to urban planning at human scale, walkimgst be the measure of urban planning and urban
development (Kohr 2002). On this basis, the sizesaiflements is compatible with nature and humans,
resulting in a corresponding structural diversitithim which people can move over distances that are
appropriate for pedestrians. Consequently, ther@isxcessive need for private motorised mobiBtyce

the essentials of daily life are organised locédlge also next section). In this context, the dgaknt of

the city and urban living spaces via sustainable faure-proof forms of mobility such as walkingdan
cycling as well as public transport is essentialpf22012).
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The modal split of Lustenau clearly highlights Mdibarg's efforts to promote cycling — the sharenafys
done by bike gained more than five per cent betv28dr3 (17 %) and 2017 (22 %). However, it also show
the missing investments in public transport (it'edal split share dropped from 13 % in 2013 to 7r% i
2017) and walking (dropped from 19 % in 2013 to®42n 2017), while still more than every second tsp
done by car (alpS GmbH 2019). To shift short andlioma car trips to cycling and walking requires
infrastructure enhancement, ongoing public outreadies and laws promoting bicycling and walkingda
land-use planning measures (Amt der Vorarlbergedearegierung 2019a).

5.2.5 Accessibility

One of the goals of integrated city planning isprovide the population with goods and facilities fo
daily/weekly needs that are close to home and tdeitbor everyday use. A full range of everyday life
infrastructure facilities in the neighbourhood maktesasier for people with care and support obligs (for
children or care-dependent adults) to reconcileiljamwork, gainful employment and leisure time
(Damyanovic & Horelli 2019, Damyanovic et al. 202lk) combination with good accessibility and a high
quality of the everyday life infrastructure fad#is, a complete infrastructure offer supports chaifhroutes
(combination of tasks) and promotes the autonondyiaakependence of the residents.

A transformation of cities towards human scale isatvthe “15-Minute City” concept proposes: A
neighbourhood-oriented approach in which peoplereanh all facilities necessary to meet their daédgds
within fifteen minutes on foot or by bicycle (Bldde 2022; Moreno et al. 2021). Thus, promoting aoci
dimensions, urban proximity, and diversity via easing use of technologies (Allam et al. 2020). A
neighbourhood suitable for everyday life must idela gender-equitable approach which means degignin
barrier-free urban spaces and open spaces thdtecased in a variety of ways. The provision of adée
everyday life infrastructure amenities in the néigirhood facilitates the reconciliation of (unpaadjre
work, employment and leisure time and promotesatiienomy and independence of all residents.

In planning this objective is supported by a pohtde urban structure. The area around the planned
education campus in Lustenau is to take on thigaefunction for the entire quarter. The range kowétion

of infrastructure facilities - technical, socialdagreen infrastructure - and their expansion ageefiore one

of the fields of action for an integrated neighlbmod development.

5.3 Digital tools to support integrated neighbourhood @velopment

In the framework of the research project ‘IQ Lustgntools and methods were selected to supportistioo
assessment (active mobility, biodiversity, microgie, social justice) of sustainable and integrated
neighbourhood development. Cross-scale (GIS, 3Ddibgi models) approaches were selected and the
interfaces to the simulation programmes were ddfifi@ese will be explained in more detail below arnilti
further be used in the project for the analysispzices and the evaluation of different planningages.

5.3.1 Rhinoceros 3D / Grasshopper

In recent years, the use of parametric planninghou for cities has increased rapidly. This is tuéhe
possibility of evaluating the performance of margersarios (Fink 2018). The software environment
Rhinoceros 3D and the parametric native plug-insBopper have numerous interfaces for connection to
GIS programs, CAD and BIM. Therefore, there is demiange of possible applications and the coupbng
simulation environments, as well as the possibiityanalyses within Grasshopper. Numerous libraaies
available to perform environmental, planning, miépihnd other performance evaluations. For thegirateed
neighbourhood development in the example of IQ &nati, the graph-based analysis of accessibility
(walkability) as well as parametric modelling ofndéication scenarios are suitable. The use of bady
tools enables the analysis of solar radiation, islgadsunshine hours and other microclimatic indicat
Another toolbox from DeCoding Spaces supports gimgded analysis to evaluate the accessibility of
everyday life infrastructure.

11.1.1 SMTG+ Rapid Assessment Tools

As part of the Smart through gender+ research groperapid assessment tool was developed at ody a
district level. The district level tool is based GiS data and manually mapped data and was devkicspeg
Grasshopper. It contains an interface for simglifigeration and analysis of important planningds(ge.g.
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analysis of supply with everyday life infrastruarlt is structured in static visualisation (evggualisation

of manually mapped data), dynamic visualisatiorogswise evaluation of statistical data) and dynamic
simulation (accessibility, real walking distanceEhe tool on city level was developed using R-Shamgl
can import and assess GIS data to create needgoseatial maps for different user groups. Furtheemo
analyses of demand, based on demographic dataugplyscan be carried out using the available Pols
(Points of Interest). These result in demand andmial maps which are created individually foriindual
user groups and can be visualised interactively.

5.3.2 PALM-4U

As stated above, the assessment of climate restliemphasises on higher temperatures in futureatdim
scenarios. Evaluations of this field of actionrf@ite smart) requires a state-of-the-art high-reésolwrban
model with the ability to simulate biometeorolodicuantities to distinguish between the impacts and
effects of the developed scenarios on the comférpemple. The model of choice to fulfil the high
requirements is PALM-4U, an integrated componerthefPALM (formerly an abbreviation for Parallelize
Large-eddy Simulation Model) model framework. lindae initialised using regional climate model data,
thus incorporating the available climate projecsiof the representative radiative concentratiohygays. In
addition to the entire PALM modelling environmeRALM-4U features a separate energy balance sadver f
building and paved surfaces, fully interactive laswiface and radiation schemes, including shadowing
effects and reflections between urban structurbsaatransfer model between atmosphere and bgddind
direct output of biometeorological quantities. st designed for application of climate research ripan
contexts and practical city planning related toamrlnicroclimate (Maronga et al. 2021, PALM-4U 2022)
PALM-4U simulates urban areas with spatial resohgiup to under 10 m.

5.3.3 SUMO: Simulation of Urban Mobility

SUMO is an open source, microscopic, multi-modaffic simulation (see Lopez et al 2018). It allotes
simulate how a given traffic demand which considtsingle vehicles (cars, bicycles, public transpurses
and trains) and pedestrians moves through a gratsport network. The simulation allows to addrass
large set of traffic management topics on a miapixlevel: each vehicle and each person is madielle
explicitly, has an own route, and moves individgdahrough the network (SUMO 2022). The network is
based on the OSM graph of the considered regioM@li$ used for traffic safety and risk analysig; tioe
calculations of emissions (noise and pollutants) tanprovide traffic forecasts for city authoriti¢s the use
case of 1Q Lustenau, SUMO can be used to evalhatdifferent scenarios of the integrated neighboodh
development with respect to their mobility impaatsl to their greenhouse gas emissions.

6 DISCUSSION - REQUIREMENTS FOR AN INTEGRATED NEIGHBO URHOOD
DEVELOPMENT

When addressing complex sustainability challenges roentioned in section 3) cities are embracing
experiments to respond to particular societal, ecoo and environmental issues in a given urbaneplac
(Bulkeley et al. 2016). A real laboratory approéi@imes integrated (i.e. cooperative, dialogue-d¢eiérand
trans-sectoral) neighbourhood development procesbese consideration of synergies and trade-offs of
various sectoral requirements is necessary. Theesaf integrated neighbourhood development depend
on the formation of appropriate foundations for snbsequent planning and implementation steps.

6.1 Experimental spaces

Instead of following a policy of incremental steghge to its insufficiency in addressing complex amb
sustainability challenges (Wilson et al. 2020)estaround the world are embracing experiments ¢gitygh,

test and learn from innovation in real time in arde respond to particular societal, economic and
environmental issues in a given urban place” (Belkest al. 2016). Various stakeholders collaboiate
these (real-life) laboratories, testbeds, or ptat®which combine technological innovations, natumsed
solutions, and community activities in terms of guahensive structural and cultural change (Grialet
2010; Eneqgvist & Karvonen 2021; Suitner, 2021).5agperimental spaces have been successful in urban
climate change governance with social innovatiomerging as essential components (Schartinger 2018,
Fazey et al. 2018). Social innovations are new wafys/orking together for the purpose of addressing
societal needs or goals by establishing, renewingchanging social practices and interactions more
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effectively than previous social configurations @dalone (Moulaert et al. 2013). Such a perspective/ato
view urban experiments as innovative processesledsi and implementation in a specific structural an
socio-political context (Bulkeley et al. 2016; $wat, 2021).

6.2 Dialogue-oriented and cooperative trans-sectoral grcess

Likewise, neighbourhood development requires diadegriented and cooperative, trans-sectoral presess
that can only be realised with continuous informatilows and feedback (Reinwald et al. 2021). lasesl
communication and coordination efforts result frdma necessity to develop an inter- and transdiseipt
planning approach and implementation process ierota make the differing goals (trade-offs) visilale
well as to consider the various sectoral requirdméerherefore, having an interdisciplinary planntegm
from the fields of architecture, spatial plannif@ndscape planning, mobility planning, energy piagn
(micro-)climatology, climate resilience, urban emgp), social planning, participatory planning, eta.
combination with representatives of the municipalpproperty owners, developers, external experts an
specialist planners, residents, citizen represestatetc. at an early stage is crucial for neiginbood
development projects. Due to this wide range ofedtalders, interests and issues, dedicated (temypora
organisational structures are created for intedratban development projects (see SIR 2021 or Semsu
et al. 2010). Various stakeholders collaborataurhsexperimental spaces to aim at comprehensivetstal
and cultural change in urban climate change govemawith social innovations emerging as essential
components (Suitner 2021).

6.3 Integrated view on planning and policy levels

As with any planning task, dealing with a specifiace begins with an analysis of its qualities and
development possibilities (Scheuvens et al. 20M).comprehensive basic analysis from different
perspectives and on different scales is more ane state of the art (Reinwald et al. 2021). An gsial of
the fields of action described above creates tisesdar this. The central challenge is that mord amore
spatial research is being carried out, more andendata is available, but the effort and the necgssa
prerequisites to be able to carry out such anabgisalso increasing. At the same time, there laeraore
and more strategies at different planning and pdbeels in different sectors. It is becoming iresigly
difficult to provide the necessary integration penfiance to be able to analyse and develop a spactuly
integrative manner. Being able to assess the nayaictions, dependencies, conflicts of aims oesyirs

is difficult even for interdisciplinary teams.

Participation & Scenario Analyses & Visualisation &
Co-Creation Development Simulation Guidelines
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Figure 3: Matrix as overview of the IQ Lustenau ggsand their designated tools.

6.4 Tools that support the assessment of the five fiedbf action

To support this holistic assessment for a susténabighbourhood planning, digital planning instants
and planning tools are being used by automatingsanglifying these processes (Speranza 2016).

The use of the selected tools was transferredet@ltdgmning phases and analysis of the fields abacHere,
the potentials for the use of GIS for mapping aatactollection through the overall city explorenl{ne) in
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participatory processes already become appareit. détta complements urban and statistical dataghwhi
serve as the basis of further analyses. For thelolewment of the planning scenarios, Rhinoceros 2B w
chosen because of the native plug-in Grasshopggchwenables parametric modelling and the import of
GIS data. Furthermore, microclimatic simulations dze performed using the Ladybug and Honeybee
libraries within the same software environment. feother microclimatic considerations, the 3D scewm
can be exported and simulated in Palm4U or Enviam used for visualisation in Rhino 3D. The
sustainable mobility analyses in SUMO can also ibkell to the parametric planning models using a
common database for traffic demand generationhénvisualisation phase, the results can be inigedgt
visualised and evaluated at the overall city l@gelvell as at the small-scale for the area.

6.5 Including biodiversity as a grand challenge of intgrated neighbourhood planning

The conservation of biotopes and stepping stonesoasecting elements is challenging the dynamic
development of settlements. As in many municiggitithere is a lack of data bases for inner-city
biodiversity and its ecosystem services. Thereftrese aspects are hardly considered in the peaofic
settlement developments. In particular, the exgstinature elements, such as naturally grown shiltfrees
and meadows, geomorphological irregularities, aetast be located and integrated into initial plagnin
processes. They are non-recreatable within a om&mgenerations time period and are importantspairt
nature-based solutions for climate change adaptatiml health care. Nature-inclusive planning rexgu
transdisciplinary planning process that considdrs éexpertise of development, implementation and
maintenance (Loning et al. 2020). Processing bardity-related data and information and integrathem
into digital tools in order to support the (intelg@d planning and decision-making process in th&t be
possible way is a particular challenge. A challefgeintegrated neighbourhood development is thiat a
fields of action are equally consciously includedhe consideration process. In some fields obactihe
data situation is much better, which can also tedtiese fields being given an overweight. To pn¢aebias
here, the project will test a simplified assessnsgatem that takes biodiversity equally into ac¢oun

7 CONCLUSION

The urban challenges of densification and transition have become even more complex by the global
impact of climate change and loss of biodiversitighbourhood planning must perform well in many
different areas and scales (quality of life, midiroate, mobility, social justice). However, therg mo
solution that offers a perfect performance forcihllenges. Therefore, intelligent methods and rptan
processes are needed that support a discoursedsiah-making and provide fact-based consideratfon
decision-making. It is necessary to make the effeétplanning decisions on the different plannimgl a
policy levels transparent and clear in order tobéaustainable neighbourhood development. Furtbieym
the effects on future developments (mobility tréaei transport transition, demographic development
climate change) must be considered as well to ensustainable and integrated planning. In order to
integrate the challenges of decision-makers ie€iéind municipalities into planning tools, a digsewn the
content of the requirements for planning and mettamy is needed. Furthermore, urban data colleciuh
management must go hand in hand with planning geaseto enable the basis for analyses at the ity a
district level as a foundation for qualified deoisimaking.

A successful integrated planning - taking into aedoactual challenges urban development is faciigg -
defined by the following requirements: (1) spacd time for experiments and thinking outside of tiseial
work context, (2) a planning process that activielyolves multiple stakeholders and experts in ogfe
fields throughout the whole process, (3) an integtaiew of a neighbourhood to analyse differeelds of
actions and scales and (4) support through ditpta$ that help prepare the extensive existing deiterial
for decision-making on the different planning leszel

The contribution shows that considering the fived$ of action - (1) climate smart; (2) biodiveysi(3)

social justice, (4) sustainable mobility, and (Byessibility — is a necessary prerequisite for engnting an
integrated neighbourhood development. It is alswshthat the many sectoral fields of action anchpiag

levels must be considered together in order to neakdlicting goals visible and to use synergies.uBing
digital tools, the effects in the different field§ action and scales can be analysed and preséritechext
step is to develop a consistent toolset and taitorthe needs of the municipalities.
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