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1 ABSTRACT

Global climate change, urbanisation and increasi@gand for limited resources are primary challenges
facing the sustainable, long-term development tési Traditional mitigation of flooding and storrater
management focused largely on technical and imiretstral solutions (e.g. larger pipes, underground
storage, ‘out-of-sight / out-of-mind’ mentality).eY these ‘trusted’ conventional infrastructure sys are
proving to be neither safe nor cost-efficient dolug for managing the effects of climate changg. (ash
floods, extreme heat, extended drought) and mitigdhe resultant impact on liveability as welle®logy.

In response to the need for more effective, ‘clemadapted’ tools, blue-green infrastructure (BGtherwise
widely recognised as nature-based solutions (NB®J tools which echo or mimic natural systems and
ecosystem services while providing the functiomgjuirements of grey infrastructure such as pipbave
emerged in recent years as suitable measures t¢orfgslementing or replacing conventional solutions.

Current available methods for integrating climadeive solutions such as NBS and BGI within theanr
planning practice are insufficient and lacking whmmpared to the complexity of city planning today.
Calculating the impact of design concepts todastilsa highly manual process. The lack of resosioeth

in terms of personnel and finances limits the cadpalto efficiently test and validate optimal salens.
Often, methods utilized in practice for simulatihg effect of climate adapted solutions take towlto get
to meaningful results or largely stems from gueskwand assumptions. Viewed in parallel with
observations that 1) the loss of green areas tanudevelopment has further challenged the capa€ity
conventional engineering solutions to the pointadfire; 2) global temperatures, heat waves andmuteat
island effects will intensify in coming years, léagl to issues with water scarcity and drought; &pd
planning cities of the future requires coordinatmgliverse group of stakeholder interests, our lositn
that a new method for planning and design is deemeedssary.

We set out to answer the following questions: dan ilethora of digital data available be used tatr
meanginful solutions that can manage, mitgate ataptato the effects of climate change in the built
environment? What barriers must one consider whiising data-driven, software-based technology as
decision-support tools in the field of urban plaxg¥ More specifically, what enables the acceptamzk
applicability of such methodologies compaerd tditranal planning and design processes?

These observations and research queries, combittiedhe experience of testing tools in the fieletessting
and validating the results; and lastly reapplyihg tesults again within professional practice ledhe
establishment of ‘GreenScenario’, a rapid iteragod software-based decision-support tool for siyipb
climate adaptation planning. The following papetads this path by firstly describing the concepnature-
based solutions in relationship to climate adaptatSecondly, the results of the 9-year+ R&D predbat
eventually led to the establishment of GreenScerag detailed in relationship to the basis fordbeision-
support tool. Lastly, observations from practicgareling potential enablers and barriers to implaaten
of data-driven decision-support tools are summedrised compared to the initial results of implenmemti
GreenScenario as a decision-support software atmbprocess for urban planning and design.

Keywords: Process-Driven Software CollaborationtaBariven Decision Making, Nature-Based Solutions,
Blue-Green Infrastructure, Climate Adaptation
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2 INTRODUCTION

2.1 Global conditions and effects of climate change dhe urban environment

Urban mega-trends pre-COVID predicted that theralevbe an increase of movement from rural into orba
areas thereby increasing land scarcity, naturalures depletion and climate change issues. Glgbially
estimated that by 2050, approximately 70% of theldi® population will live in cities; 80% of global
inhabitants could still be living in unplanned Batients with the highest growth rates coming frofric&
and Asia; the largest age group will be senioeeits; and population rates could grow by 12% riegpuin
approximately 8.5 billion people by 2030 (Departtnefi Environmental and Social Affairs, 2017: 1;
Revedin, 2014: 8; Stylianidis et al, 2017: 119)thAlgh cities only occupy 3% of the Earth’'s laruey
generate 80% of global gross domestic product (Qititle responsible for 70% of global energy use and
greenhouse gas emissions (United Nations, 2016: B4)2050, the cost of ‘doing nothing’ to mitigate
climate change effects in cities is estimated twircosts in the EU alone in the range of 100-1ifiioi
Euros per year every year, dependent on the clisegeaario (COACCH, 2018). The near and long-term
effects of COVID-19 will also need to be considevdten planning any future development.

2.2 Nature-based solutions (NBS), blue-green infrastruare (BGI)

‘Nature-based solutions’ (NBS), or similarly ‘Blé&reen Infrastructure’ (BGI) offer mitigation tooésd
measures that can adapt to the effects of clinfeiage at the urban city and district planning led@8S can

be defined as ’'actions to protect, sustainably manand restore natural or modified ecosystemg, tha
address societal challenges effectively and adelgtivsimultaneously providing human well-being and
biodiversity benefits’ (IUCN, 2019). NBS have thepability to complement or even replace traditiayraly
infrastructure solutions (e.g. pipes) by offeringltiffunctionality as opposed to monofunctionalitiye.
green roofs or rain gardens not only improve emritental and aesthetic conditions, they satisfy
infrastructural requirements and functions whilbamcing spatial quality and liveability).

For example, rain gardens are an NBS that can &mebusly manage stormwater, reduces run-off and
improve water quality; they provide similar funai® as piped solutions. Aesthetically, they are telhn
visible and offer an open space element in therudra/ironment. Additionally, NBS provide ancilliary
benefits or ‘co-benefits’, what could be also bened as added values that are typically not consitian
cost-benefit assessments but are added benefitsahabe monetised or quantified in relationshighteir
effects. Examples include how NBS can directlyratiriectly impact health, energy security or ecotmsys
rehabilitation as a result of direct impacts to ioy@ microclimate or increased biodiversity raftEsese
multi-functional advantages are diverse, validatiogy NBS provide the same functional requiremenis t
hidden infrastructure (e.g. pipes) provide whilensuarily enhancing the experiential quality of spgce
especially when these elements are visible or dadlwaszuk, Rudik, Duin, Mederake, Davis, Naumann
and Wagner, 2019). While there are fine distinctibatween the two terms BGI and NBS, for this pather
term ‘Blue-green infrastructure’ will be used irdeangeably with ‘Nature-based solutions’ as thethbo
derive from ecosystem service principles. ‘BGI grtges hydrological and biological water treatntesins

into systems [that] ...strengthen urban ecosystenmsvbiting natural processes in man-made environments
and combine the demands of sustainable water amthwater management with the demands of urban
planning and urban life...[BGI] have positive impaofsthe urban metabolism of natural resources (@dde
green values) and on the experience and behaviopeaple using these infrastructures (added social
values).” (Ramboll Foundation, 2016). A compreheaditerature review of BGIl was provided by Ghofran
Sposito and Faggian (2017). BGI tends to be usditerature synonymously with terms such as snatdée
urban drainage SUDS, low impact development LiDwmater sensitive urban design WSUD, terms can
potentially vary dependent on country-specific tewtogy (See Fletcher, 2015).

3 FOUNDATIONAL RESEARCH PROJECTS

As aging city infrastructure fails and extreme heatevents increase in intensity and frequendy,dtitical
that future planning not only plan climate resitieand adaptive but even more so with a climatd firs
approach. This would additionally require integrgtsuch nature-based solutions together with mashema
technology (e.g. grey piped solutions), and thesfithe very beginning of the integrated processtiig the
technical feasibility and economic resiliency oé thull range of planning solutions is critical esiadly at
the pre-planning feasibility stage when decisioraten most, as Forziere et al (2018) predict thatate
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change has the potential to increase damage tstnficture caused by extreme weather events tdrfol
the end of the 21st century.

Although several notable research projects reladddBS have been conducted, widespread application
NBS tools is still limited, especially in view ohe lack of changes in governmental regulations or
construction standards (OECD, 2020). The Unitedddats Sustainable Development Goal 11 supporss thi
assertion — Make cities and human settlements divdu safe, resilient and sustainable — and pomtbe
necessity of an integrated, non silo-based prdoessulti-stakeholder involvement in urban planning

The following section discuss three key events ttallen by Ramboll / Ramboll Studio Dreiseitl in the
exploration of methods to utilise decision-suppokils in practice, and are ultimately precursorghe
development of the GreenScenario platform.

(1) The Copenhagen Cloudburst Masterplan and subségilot project implementation: this masterplan
serves as the official strategic planning elementdcal area plans in Denmark. It was initiatechassult of
large-scale flooding in the Danish capital in thenser of 2011 that caused over USD $ 1 billion dzena
(GDV, 2019), and was a primary initiator in comhinkrge-scale / small-scale approaches to climate
adaptation strategies in view of climate changeat$fon cities.

(2) The BMBF (German Federal Ministry of Educatemd Research) funded ‘KURAS’ project (Konzepte
fur urbane Regenwasserbewirtschaftung und Abwassterae / Innovative concepts for urban stormwater
management and sustainable wastewater systemsuated from 2013-2016.

(3) The subsequent follow-up BMBF funded ‘netWORKS®M4oject (Resilient Networks: Beitrdge von
stadtischen Versorgungssystemen zur Klimageredatitiglinking blue-green-grey infrastructure aneith
multi-functional benefit for citywide infrastructalr systems, climate adaptation, and climate jugtice
conducted from 2016-2019.

3.1.1 Key results Copenhagen Cloudburst Masterplan (Semdrdsen, 2013; Read, Nyerup Nielsen and
Leonardsen, 2013; Ramboll, 2019)

e Establishment of methodological process for marggssues with stormwater, flooding and
cloudburst events for an entire city in responsaesign, engineering and economic principles.

» Integration of risk modelling and design iteratlmyond municipal boundaries and borders.
¢ Inclusion of economic cost-benefit cost-of-doingking assessments early in the planning process.
e Inclusion of ‘co-benefits’ to understand the fidhge of opportunities and potentials from BGI.

» Creation of a ‘Toolbox’ of suitable BGI elementexible for use on multiple sites (e.g green roofs,
green facades, changing street profiles, integyatith existing infrastructure and pipes, etc.)

« Acknowledgment of the important role played by stadders in the co-creation process.

e Current status: identification of approximately 3pdot projects across the whole city to be
implemented over a period of 30 years, with earbjgets including Sankt Anna Plads renovated in
2018 and Kokkedal Urban Renovation completed ir920hese project aim at decoupling 30-40%
of stormwater from the mixed sewer system in otddvalance the expected increase of up to 40%
more extreme rainfall over the next century.

3.1.2 Key results KURAS research project (See Matzindesle2014; Bundesministerium fur Bildung
und Forschung, 2014; Madichati, Moller and Ottefpa@19)

e Through the involvement of academia, industry anchicipalities the KURAS project pooled the
multifaceted expertise of wastewater system ananstater management technology and expertise
to develop a standardised planning methodologyiegdgle for integrated stormwater management
(e.g. green roofs, swales, etc.) in urban arears.

¢ Results showed that a targeted combination of meascross various levels of interventions (from
smaller building and plot scales moving up to thstrigt, neighbourhood and up to the urban
catchment area) have a positive effect on botretivronmental quality as well as the less tangible
yet equally important social quality enhancementésidents and visitors.
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» [Effects were made quantifiable via modelling, siati@n as well as qualitative observation; the
results have become a part of Berlin-specific plagmvith stormwater and water resources.

3.1.3 Key results netWORKS4 as they relate to estableshasis for the decision-support tool (See DIFU
and ISOE websites (Networks 4, 2019); Roualt e2@19; Winker et al, 2019).

e Creation of communication material for expandingaeamess related to the topic of BGI in the
format of ‘Info-Cards’. These info-cards are phgsimstruments that have been tested n real-life
case studies with cities to develop concensus-bdseslopment plans.

* These practice-based tests allowed for a refinewiettie planning process that was first established
during the KURAS project. The 3-phase systematniping process was revised to include Phase 1
(data collection, analysis, setting of project giaPhase 2 (selection of suitable tools, testimg) a
development of options); and Phase 3 (optimisatiwhrefinement of solutions).

« Communication with stakeholders both internal axtémmal was a key result of this research project.
The two project sites, Berlin and Norderstedt, B&keholders with varying levels of awareness of
BGI as well as diverse interests. By testing tlabiity of the revised planning methodology on the
real-life projects, the feedback and input of shatders could be utilised in the design process.

« netWORKS4 PLUS is a follow-up research projectiatétd that will continue research on the topic
of blue-green-grey infrastructure, and will be deppented by Horizon2020 RECONECT.

4 ESTABLISHING THE COLLABORATION PLATFORM GREENSCENAR 10

4.1 Key research questions as basis for exploration

Various research questions regarding the barrigiseaablers for planning with NBS and BGI tools dreg
formulating in 2017 following the end of the KURAS®search project and the start of the netWORKS4
project. In 2018, through trial-and-error testimgBerlin and Norderstedt as the two pilot projattssfor
netWORKS4, three concrete research questions weneefl which have served as the basis for exploring
and testing methods best suited when planningdidfital decision-support tools and platforms.

(1) Why are elements for planning climate adapieen adapted less frequently and implemented as
exceptions rather than standards?

(2) What practical methods, material and informatio data is necessary in order to properly comoaiai
and convey the complex requirements of climate &daplanning?

(3) How can we enable informed decisions to be neatty in the overall planning process and thereby
reduce risks when investing in blue-green infragtme or nature-based solutions?

Armed with these three questions, we entered leng-experiment that combined practice and theaay th
focused on how to support climate adaptive planaing design by utilising innovations in digital dson-
support tools. The three steps are listed belowfantider explored in the following section.

Step 1: refine the planning methodology necessatgdting in practice
Step 2: ideate, explore and develop
Step 3: build, test and implement in the field

4.2 Step 1: refine the planning methodology necessaryliesting in practice

The commencement of Step 1 can be concretely @idbwith the process and results of the Copenhagen
strategy enacted in 2011, which then systematiqaibgressed with the start of R&D projects in 20i8.
step 1, multiple tests for refining the planningtimelology were conducted on actual projects wittalo
stakeholders, moving beyond theoretical boundari®ep 1 draws on the results of four selected
municipality planning processes and include theesibf Mannheim, Neu-Ulm and Berlin (shown here
twice). By refining the planning methodology, arderstanding was developed for which key steps would
be required. Additionally, the technical tools bhate adaptation could be examined and refingdnms of
requirements and specifications. Combined with dheervations, experiences and direct feedback from
stakeholders as well as the results of severabpi®jstarted or implemented since the Copenhagatie gy

in 2011, the basis was formed from which the redequestions began to develop in 2017 (see above).
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Test City and Result Timeframe and Notes

Mannheim: for the creation of an integrated water manageratrategy for city of Fall/Winter 2018-Fall/Wintef
Mannheim (Spinelli Baracks Development, as parthef BUGA 2023 program), a2019:
hybrid KURAS/netWORKS planning method was adaptadidcal stakeholders and

goal setting, tool selection and development ofcepts suitable for the local sitepeen accepted and is movif
conditions was conducted. Subsequently, a serieathly roundtable sessions werghto the planning permitting
conducted over a period of approximately one yeaemsure that the decisionstages
undertaken in the initial workshop would be impletssl in future stages.
Stakeholders included city officials (planning, staction, streets, open space/green
areas); utilities (water); investors (private); ntdite change and environment
department.

Berlin 1: as part of a development for a new sustainableldpment near the Berlin-Fall 2018-Fall 2019

was created utilising a hybrid planning method iinfed by both the KURAS and thepeen accepted and is movif
netWORKS method. Stakeholders included city officigplanning, construction, into the next level of detaile
streets, open space/green areas); utilities (waitevpstors (private); environmentplanning

department.

Neu-Ulm: for the creation of a sustainable stormwater meamemnt strategy for aFall/Winter 2017-Fall/Wintef
residential mixed-use district in the German stdt8ayern (lller Park), the KURAS 2018

stakeholders. Stakeholders included city offic{planning, construction, streets, opefhe construction
space/green areas); utilities (water); environnmetgpartment. documentation phase

Berlin 2: as part of the netWORKS4 research project, 6 sagbes were selected inEarly 2017-End 2019
the city district of ‘Pankow’ within the approxiney 80 hectare development area @froject planning in th¢
MichelangelostralRe / Greifswalderstralie. Threeraépavorkshop were held utilisingreview period.
the netWORKS method as an extension of the previkldRAS method.

Stakeholders included city officials (planning, straction, streets, open space/green

areas); utilities (water); investors (private); #ammental department; and specific to

these projects, impacted end-users including sckesthers, local municipal and

distict level officials, and building operation athistrators / facility management
(‘Hausmeister’).

Tab. 1: summary of case study tests prior to sfastedicated development (Source: Ramboll Studiasitt)

4.3 Step 2: ideate, explore and develop

utilised in both a larger and smaller setting. tirsa large stakeholder workshop foproject planning has sinde

Tegel Airport (Schumacher Quartier) a sustainabtensvater management strategproject planning has sinde

—

method and the netWORKS enhancements were used adagted for local project planning is enterinf

g

Following the accumulated results of the four listerojects and the establishment of three research
guestions, an internal incubator program for sptoommenced within the architecture and engingerin

consultancy Ramboll. Successful teams progressed d&n initial selection of 250 ideas to 5 seledézuns.
This led to the start of Step 2 (ideate, explom develop), and was a phase characterised by exjplorand
discovery. Several mock-ups of the product wereetkdarge-scale interviews were conducted; angares
questions were tested direct with potential use&surveys, interviews and product engagementoirig

the Lean Startup method (Ries, 2011), the process guided by Rainmaking (2019). A timeline of key

events and their timeframe for the concentratedtide and start-up period as part of conceptuaisatf
the idea are shown below.

Event Description (Phase 1, 2, 3) Timeframe

Phase 1: Start of Conceptualisation Period withicubator program February 2019
‘Innovation Accelerator’ Phase 1 including intemwie customer
development, ideation and discovery lab (1 month)

Phase 2: Transition from phase 1 to phase 2 onsé&twustomer March-June 2019 / July-Septemi
development including prototyping and piloting (4mths) with additional 2019
market testing and stakeholder feedback (3 months)
Phase 3: Innovation Accelerator process ends,eshiticus to dedicatedOctober 2019-August 2020
product development and market activities

Tab. 2: description of events in timeline of deystient (Source: Ramboll Studio Dreiseitl)
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Following the principles of the Lean Startup Metblodly (See Rainmaking, 2019; Ries, 2011; Blank,6200
2013; Taney, 2017), which is characterised by ag®s® of rigorous measurement and customer-focused
development by testing multiple hypothesis throagtriangle-based model entitled Build-Measure-Learn
(BML), for Step 2, we focused on taking the lessl@@sned from the multiple project tests in praetnd
working directly with the potential target group ymicipalities as well as developers with developimen
projects) to understand the needs, requirementdimitdtions. Within Step 2, we conducted a widedec
case study interview process to understand theresgents of stakeholders involved in the developgmen
planning process when integrating climate resilfesied adaptation. When asking approximately 3%leeo

in over 18 different cities over a two-week periddtee common trends were identified as barriers to
implementation including: 1) limitations in accepta are a result of a lack of quantitative jusgifien of

the pros/cons, leaving decision-makers skepticainfarmed or unaware of the tools available atrthei
disposal (‘nature-based solutions are not new Iogeld an argument that is clear and based on;faytate
burdened by limited resources in personnel andnéea (‘the planning process today takes too long
already’); and 3) cannot translate the complexitgatutions into viable options for developmentr{ged to
address a wide range of stakeholders with varymbadt competing interests’).

Following the first stage of interviews conductadStep 2, we developed a concrete idea based oaghks

of the discussions, and determined an early thenfatus on simplifying planning methods to manage
extreme rain events or cloudbursts. A second roahdnterviews, focused on selected pilot cities
(Norderstedt, Mannheim, Disseldorf) led our teanpitmt our thematic focus to a more specific yert
broader focus on not just extreme flooding butwliger impacts of climate change on urban developgsen
Through a series of workshops with these selected g@ties including 1-to-1 interviews and telepi®
calls, stakeholders engaged with us to co-devehapcaitique a variety of early prototypes for theetual
decision-support tool.

The results of the workshops led the identificatodrthree key points: climate adaptation was theeod
thematic focus; local requirements and site-spe@fmulations would be necessary so that the mesult
matched specific conditions; and that the procéskeweelopment would be a determining factor as magh
any digital tool creation.

4.4 Step 3: foundation and continued development

In August 2020, final development of the marketdsegersion of the decision-support tool was reached
GreenScenario was officially released. This follaw approximate 11 month development track and a
previous 9 month startup period. As of Septemb@028everal projects have either been completedeoin
progress utilising the GreenScenario method.

Based on the results of Steps 1 and 2, GreenSoeaarapid iteration design tool and software-based
solution for simplifying climate adaptation planginThrough a hybrid form of tech-enabled consulyathat
combines people with a data-driven process, Gremme®io supports planning decisions taken by
municipalities, property developers and designesponsible for planning residential, commerciainbred-

use development project. By using a data-driventwsoé engine based on a combination of
Rhino+Grasshopper programming code, GreenScenamfuates the effects of all potential planning
scenarios early in the design process and idemtdieactly which tools are most suitable for theegiv
development as well as most cost-effective for Bngla climate adapted design.

Suitable for early stage concept design, feagpbibtudies and master planning potential options,
GreenScenario  utilises a data set based ogmésed standards (e.g. DIN, DWA, EPA, etc.) anunsocas
well as site-specific climatic data to run rapichglations. The data sets are flexible, able to attajmcally
applicable standards while being evaluated based dgorous and standardised set of key performance
indicators and metrics. This ensures a consistaitiation framework that can be applied acrossédrsrget
remains robust enough to adapt to local requiresremd variables, especially in relation to climatita.

Lastly, based on a cross-section of climate adaptabpics — including water, heat and microclimate
open space quality combined with green areas, haigtically and simultaneously examined, and extdd
based on quantitative metrics. The results areeg@aivgether with economics, thus providing a frawrw
for validating and comparing the costs and benefitswiltiple solutions. The results are visualisgdckly
and placed on a dashboard. By working togethenggmsmcan be made and the effects visualised; rttaer
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working in a blackbox, GreenScenario allows staladrs to understand the impact of decision based on
evidence, facts and data — and not assumptions.

5 ENABLERS AND BARRIERS

The complexity of the topics aforementioned — clisnadaptation as it relates to urban planning; gsec
driven methodologies; software-based solutionsa-daven platforms; nature-based solutions and -blue
green infrastructure — places a challenge on nbt the technical feasibility of developing a deoisi
support tool but also on the continuous evolutibthe body of knowledge. In combination with thepmat

of technological innovation both positive and naggturban planning and design necessitates aroagipr
in response to what Dorst et al terms as ‘openptexndynamic, and networked problems [that] justhodt

gel well with the assumptions behind our convergigmoblem-solving methods’ (2016: 12).

5.1 Literature Review related to Enablers and Barriers

Casual online searches today reveal a variety gitadly-supported solutions related to climate amn
adaptation or mitigation. Decision-support toolstesy relate to climate adaptation projects weseaeched
extensively (See Palutikof, Street and Gardinet820In the development of the Australian decissapport
tool CoastAdapt, Palutikof et al (2018) identifiedth inherent barriers in the actual use of thé bob also
institutional and cultural barriers that could liror potentially inhibit the acceptance and utiiisa of the
tool in practice. Often, the barriers were foundédbeyond the scope of the decision-support tselfi

Computational design techniques as they relatetisihn-support systems or platforms, while pradtat
building and plot scales, are particularly chalieggto apply at the urban scale due to increased
computational expense, difficulty in limiting in@tand more stakeholders involved in the process¢w

et al, 2019). This suggests that the effectivityaafata-driven support tool must also remain ielatively
continuous state of development to be useful, pegignand relevant.

When considering how digitalisation will impact &g in the not-so-distant future, critics warn tbe
blanket acceptance of technology as a cure-alinf@naging and curing the problems previously meetion
with cities (See Hollands, 2008; Greenfield, 20G8aham and Marvin, 2001). The question must bedisk
not only as to how to utilise the benefits of digitechnology but, perhaps most importantly, whghsu
solutions are necessary, who they are impactingvamat unintended effect may result, or per Stimmel:
‘improved liability is the focus, not how and whetlee technology is installed’ or utilised to enable
decision/making (2016: 37). When considering trengng complexity of cities, from not only their ptigal
planning but their administration, management aggllation, and, as digitalisation continues to iotpa
contemporary society, issues and conflicts with egoance processes, accountability and compliance,
privacy and public citizen inclusion will only contie to rise.

5.2 Relationship to Posed Research Questions

When analysing the initial implementation results tbe methodology that led to the creation of
GreenScenario, we find causal links for the thnéigally listed three research questions.

For question 1 (‘Why are elements for planning elien adaptive often adapted less frequently and
implemented as exceptions rather than standard&?dpproached cities, developers and a wide vaoiety
stakeholders to understand their concerns. We BatMriom the approximately 35 people contacted s&cro
18 different organisations or cities over a conadatl two-week period, key responses were thahd due

to complexity and the extended length of the plagrprocess today (80% of respondents); the lack of
evidence to present arguments that there are blyafits when planning with ‘new’ tools such as NBS
(65%); and lastly the missing link between toold gisocio)economic considerations in an easy-to-
understand matter (45%) continued to be major éxariWhile the desire to plan towards what carebedd

a liveable city philosophy was confirmed througk thterviews (90% of respondents), further issugh w
permitting and regulations as well as finding furgdsources for NBS were the next implementationidyar

For gquestion 2 (‘What practical methods, material information (data) is necessary in order to prhyp
communicate and convey the complex requirementdimfite adaptive planning?’) and question 3 (‘How
can we enable informed decisions to be made eadlye overall planning process and thereby redisgs r
when investing in blue-green infrastructure or nedioased solutions?’), we could find causal linksateen
between the success of the projects conducted uhdenetWORKS4 project in Berlin and Norderstedt
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correlating with the use of a standardised planmimathodology, as asserted by Matzinger et al (2014)
Physical and visual tools such as the ‘info-caodshbined with an integrated stakeholder workshagbled
buy-in early in the process. Continuous discussant roundtable meetings were necessary to unddrsta
project goals, extenuating circumstances and lmeapecific conditions. With the clear presentatdrhe
results and planning efforts conducted as pam®frocess, namely how stakeholder feedback infitime
decision-making and design process, coupled wahalisations of what benefits planning scenarioalevo
offer in the future (Madichati, Méller, Otterpol019), there is a strong indication that process efaqual
importance to product. By focusing on the commuiocaaspect — collaboration in creating ideas, inpu
when optimising solutions, relating the resultsbimh overarching city objectives as well as loealis
requirements — as much as the technical requiremant effective strategy could be tested and uaiitia
within the context of a living lab.

5.3 Observations from Initial Implementation in Practice

Yet the three research questions posed have oglynb® be answered by the use of the tool in practi
GreenScenario as a method to support smart, daenddesign decision-making is but a first step in
utilising innovation in digital technology to trdes expert knowledge (planning, climate adaptation,
stakeholder communication) into an open collaborgtilatform (software). Continued research is nesgs

Initial barriers observed in practice during piliotplementation and further validated by the redearc
conducted by Palutikof et al (2018) include inig@prehension in new, untested methodologies; statece
and quality of data being entered into the systeonst and acceptance; and also financial considesat
especially in consideration the effect COVID-19 hasd will have on resources and budgets.

Yet these barriers tend to be more an issue imttial short-term start up period. One of the mpuesitive
consequences as a result of COVID-19 has beeretiogmition of new working patterns, and has thuenbe
an enabler. Especially for stakeholder groups aoikshops, digital tools and a collaboration platiguch

as that enabled by GreenScenario provide a methoapidly develop solutions and communicate results
effects.

Can data-driven tools provide a new method of agghimg planning climate first with tools such astune-
based solutions or blue-green infrastructure atigwéh conventional infrasturcutre to improve otties
today? Research in not only the technical aspedtscentinue be critical but also in the acceptance
adoption and governance methods for encouraginfyrating and financing as well as embedding climate
first practices within the planning and urban dedigld.

We even see that there is widespread potentialrokjast a ‘collaboration platform’. A recent resgar
effort termed ‘Sandworm’ (See Hermansdorfer, SketeRsen, Fricker, Borg, Belesky, 2020) saw thedfise
tangible tables (hands-on use of digital sandboistor ‘augmented reality sandbox’) utilising opsource
software based on a Rhino-Grasshopper set-up. dresith students, the session utilised real-time
visualisation in an interactive workshop format.hél PhD workshop demonstrated how...‘physical’
participation [with] the table...can be adapted tdfedent design challenges with relative ease’
(Hermansdorfer et al, 2020: 10).

6 CONCLUSION AND EXTENDING RESEARCH THEMES

The complexity of the topics aforementioned — clisnadaptation as it relates to urban planning; gsec
driven methodologies; software-based solutionsa-daven platforms; nature-based solutions and -blue
green infrastructure — places a challenge on nbt thre technical feasibility of developing a deoisi
support tool but also on thGreenScenario is itdyeanplementation phases. Even with the multi-year
research and development periods that preceedettdhion and current application in practice, ¢hare
several aspects that will require testing to comfar disprove enablers and barriers to acceptarsseand
implementation. Over the past year, the politgialation in Europe as well as globally focused enand
more on issues related to climate change. CorodaC&WVID-19 has led to reexamining values of urban
design that were commonly held as standard or gilested below are topics that will need to be fiert
considered in future research to determine theilitialof GreenScenario being able to positively iap
urban planning, encourage collaboration and respmnuhrket requirements.
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While GreenScenario is still in its pilot implematibn phase, we see data-driven decision-makindowed
with integrated planning processes key to enaliliegacceptance of climate adaptation approachethdor
future development of our cities and places.

« More seamless integration within practice and esfig@s part of the public participation process

» Integration with established sustainability systesush as the German DGNB (German Sustainable
Building Council) or LEED from the US Green Buildil€ouncil, amongst others

« Integration with existing processes in urban plagrior Building Information Modelling (BIM)

* Further data review of methodologies and procesasswell as continual management of the
database

e Consideration of the creation of a machine-learnilaggbank would utilise further advances in
digitalisation with access to a wider array of openrce material

« Determining a network of cooperations and partripsstor knowledge sharing and awareness
» Critical consideration of data privacy laws suclGi3PR

« Acceptance and awareness for both the applicatissilpilities digital decision-support tools offer i
practice combined with governance models for adgpt standardised approach that is locally
tailored to site, country or cultural-specific regments

Collaborative + Data-Driven

Dialogue (Process) Results (Software)

Fig. 1: GreenScenario’s two components: combiniggss and methodology with software (Source: Rangtotlio Dreiseitl)
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