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1 ABSTRACT

To ensure a liveable, resilient and sustainable initthe future, climate change adaptation andgaiion
measures must be integrated into urban developprejdcts. This is necessary to counteract the negat
effects of climate change, as Austria is alreadyeerncing a noticeable increase in the numbeobfihys

and an increase in extreme weather events (OKSAtBiptation to climate change requires that theaichp

of an urban development project on the local miamate be assessed as early as possible in order to
minimise the effects and optimise the project. Motimate analyses can be used to assess the imipact
development project or to compare different vagafta project and show the effects on local teatpee,
perceived temperature, wind field or humidity (Okilvat al. 2020). At the same time, urban planning
processes are increasingly influenced by digititiaan the form of Building Information Modellin@BIM).

Linking microclimate simulation and BIM is thereéoan important step for the future of sustainalilesc

So far, however, no tool exists that combines #mous requirements and enables microclimatic agserst

or optimisation of urban development projects. Sgianing or assessment tools, such as microclimate
models or green area indicators, allow for sectasabssments. What is missing is a comprehensiéhtd
makes it easy to present the various impacts ofopeqt to spatial planning and development decision
makers, investors and planners and, last but aet,le the general public, such as (future) reside

This contribution analyses and describes the rements for such a tool in the form of a web-based
dashboard that uses BIM models, links them to noloratic simulations, and additionally presents key
performance indicators (KPI), such as green ardiaators, in a structured way. The design of thehtdaard

is data and task dependent (Conrow et al. 2023igtim of the challenges and opportunities assediatith
optimising urban development projects from a mitnogtic point of view, we set out to address issues
related to (i) the requirements for the user irtesf i.e. the dashboard, (ii) the requirementgHermodels
(BIM model and microclimatic numerical simulationodel), (iii) the possible applications in different
planning phases, and (iv) the necessary requirenfientata and data preparation.

The aim of the contribution is to analyse and dbscthe requirements, implementation perspectives a
application possibilities of a web-based dashboardich enables climate impact assessments, macro-
ecological data for properties and neighbourhoadmi early planning phase (“climate check”) on lthsis

of three-dimensional building models.

Keywords: Simulation of microclimatic effects, Bdiihg Information Modelling, Dashboard, Climate
change adaption, Blue and green infrastructure

2 INTRODUCTION

Climate change puts pressure on the sustainablelapewent of cities. To ensure a liveable, resiliand
sustainable city in the future, climate change tatagm and mitigation measures must be integratedban
development projects. This is necessary to couwttéhe negative developments of climate change as
noticeable increase in hot days and in extremeheeavents is already present in Austria (OKS C#jes
suffer from heat islands also known as the Urbaat Hdand effect (Oke 1967). This is the warmingities
compared to the surrounding countryside. The measaon for the stronger heating in fine weatheroperis
above all the overbuilding and sealing of natusater-permeable surfaces and thus the relatedfageen
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and blue infrastructures. This leads to the faat thardly any precipitation can be absorbed withiban
spaces, and thus the subsequent local coolingedrtibient air by evaporation and transpiration oatake

place. Urban heating is intensified by heat-abswgylinuilding materials such as asphalt, concretglass.
This effect is exacerbated by inappropriate bugdinlock) layouts that prevent ventilation (MA2215).

2.1 Climate change adaption in urban development projes

The consideration of these microclimatic effectsplanning processes of urban development projects i
crucial for the successful adaptation of citiegltmate change. Assessing these effects as eappssible

in the planning process is necessary to minimisenggative climatic impacts of urban developmeajguts

by optimising the project. Optimisation of urbarvel®pment projects in terms of microclimate anddoot
comfort can address the modification of the urbammf the building orientation and position, the
architectural design, facade configurations, theéldimg materials, but also urban green and blue
infrastructure etc. There are four areas of actmnadapting to climate change and anchoring iranrb
planning: i) precautionary reservation of land amwfard-looking consideration of its use regardifighate
change adaption measures, ii) unsealing or avoitirtger sealing and increasing the infiltratiompaaity of
the soil, iii) increased use of green and blueaistfucture and nature-based measures and iv) tathni
measures and protection of property (Jiricka-Plgtexl. 2021). Adaptation measures of urban devedop
projects can range from minimising sealed surfatesppropriate shading and ventilation considendt;
and, of course, integration of blue and green stfueture on both, plot and buildings. The effexftshese
adaptation measures are well known and have besemphby numerous research projects (e.g. Choi. et al
2021, Dennis et al. 2020, EImqvist et al. 2015, Deene et al. 2014, Peng and Jim 2013). Neverthedess
concrete assessment of the (inter-)effects of sneasures is a complex task. Many variables nedzt to
considered and aligned in order to successfullyjémpnt climate change adaptation for urban devedopm
projects.

2.2 Building Information Modelling

Meanwhile, planning processes are increasinglyuénfted by digitalisation in the form of Building
Information Modelling (BIM). BIM is a digital andniegrated approach to managing projects in the
construction industry. In this process a three-disienal model stores all architectural, technical,
(structural-) physical and functional building dataa structured way to create a digital twin o fflanned
object(s). The "Open BIM" approach (exchange ofadafh an open, universally readable format) was
established for the mutual exchange of this da¢ati@l to this approach is the IFC format (anchanel$O
16739 and readable for at least 60 years), whiotiges a standard for structuring the data andmstantly
evolving. Compatibility of data formats is a maghallenge. Object-related planning is currenthgédy
decoupled from the prevailing microclimatic conalits of the site. Although (landscape) architectuae
always responded to its built environment, buildidgsign usually follows only spatial-infrastructura
parameters or influences such as the course afuheHowever, planning for adaptation to climatarge
requires the consideration of a number of otheditmms. Current planning software (e.g. ArchiCARevit,

...) is only able to consider parameters such esiptation, temperature gradients, wind situatoishading
performance of greenery on building optimisatiorateery limited extent. The simulation of ecologdiaad
microclimatic effects — if carried out at all —asly done in a decoupled manner and thus causésoaddl
costs (double modelling).

2.3 Microclimate analyses

In parallel, specialists deal with the simulatidrttee microclimatic effects of buildings and neighichoods.
These microclimate analyses allow for an impactyaigof a project or the comparison of differeatiants
and show the effects on local temperature, perdeieeperature, wind field or humidity (Oswald et al
2020). Meteorological large-scale and meso-scaldetsoused for weather forecasts do not resolveaserf
features in the built environment to the extent #ildows small-scale microclimate assessment. These
only a small number of different simulation softegrackages available that are capable of this ansiader
the conjugate heat transfer, radiation and evaiporaiffects, which is needed to accurately simulaten
microclimate conditions. Almost all models use lageomputational grids with a fixed, spatial regimn,
so that there are computational limits for resajvémall/thin structures like shading structures.
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All of these mathematical models for simulating rmo@dimate in the urban/built environment at
neighbourhood level require technical experts tothem and most of them also require high-perforrean
computing. The technical complexity and large amiafrdata, that these simulations generate mehas, t
the results are not readily available to the lagperor even to urban planning experts.

2.4 Urban planning indicators and certification schemedor assessment

The use of various urban planning indicators istleapproach to analyse the qualities of a prdject
relation to climate change adaptation. In the fafldlimate change adaptation, there is a wide@kpbssible
indicators. These range from "classical' urbandatiirs of density and land use (e.g. floor aredt-bp
area, building mass) to climate indicators (e.gc@i®ed temperature, wind comfort) to so-calledcegrepace
indicators. These green and blue area indicatoke e extent of blue and green infrastructure onedxe
and comparable (Ring et al. 2021). In additionjdatbrs such as the percentage of imperviousnefiseor
degree of sealing are used, which document soiswoption and are an indicator of local water cycle
disturbances as well as water drainage.

Another approach used, which usually includes @luates several indicators, is certification scheme
building or neighbourhood level, such as klimaak@GNI (Austrian Sustainable Building Council), TQB
and LEED (Leadership in Energy and Environmentadi@®. They play a crucial role as urban planning
indicators for evaluation. They consider factorshsas energy efficiency, water management, indaor a
quality, materials used and the overall environmkeintpact of the building (klimaaktiv 2023, OGNI 28).

By incorporating these certifications into urbamrpling processes, city authorities can ensure rtbat
developments meet sustainable standards that calodaemented and contribute to the creation of more
sustainable and resilient cities.

2.5 Tools and instruments for a “climate check”

The link between microclimatic simulations, BIM anlimate change adaptation indicators is an impbrta
step for the future: A "climate check" for urbanvel®pment or redevelopment projects is includearin
required by numerous national and internationamnate adaptation strategies or spatial development
concepts (e.g. Stadt Wien 2022, Greater Londorvig2023). Within the framework of these developine
procedures, fundamental decisions are made atyaeaely stage on urban design and building typ@sgi
which have a major influence on later (climate)iliexsce, energy requirements or greening optioriee T
assessment of the impact of a project is usuallyieth out on a sectoral basis and through expert
assessments.

So far to the best of our knowledge no instrumertbol is available that unites the multiple reganents
and enables an assessment or optimisation. Someindgor assessment tools, such as microclimatibetso
or green area indicators enable sectoral assessm®hat is missing is a comprehensive tool thaterak
easy to present the different impacts of a prdmctiecision-makers in spatial planning and dewvelept, to
investors and planners and, last but not leashet@eneral public such as (future) residents.

This contribution analyses and describes the reménts for a tool in the form of a web-based daaftho
that uses BIM models, links them to microclimatediations and additionally presents KPIs such asmyr
area indicators in a structured way. Starting widhthe requirements for the user interface, ile t
dashboard, (ii) the requirements for the modeldABiodel and microclimatic numerical simulation mtde
(i) the possible applications in different plangiphases as well as (iv) the necessary requirasni@ntiata

and data preparation are presented.

The aim of the contribution is to analyse and dbscthe requirements, implementation perspectives a
application possibilities of a web-based dashbotrat enables climate-impact assessments, macro-
ecological data for properties and neighbourhoadani early planning phase ("climate check") onlthsis

of three-dimensional building models.

3 MATERIAL AND METHOD

This contribution presents a simulation and visadion framework representing an interdisciplinary
approach to urban microclimatic assessment. Thisribaition is based on the collaboration of théofeing
fields of expertise: architecture, microclimaticmsiation, building information modelling, planning
sciences, compliance with quality assurance aspecdtsthe standard L1136 and L1131 (Austrian Stedy]
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2010, 2021) and planning practice. In order to @®va microclimatic simulation and visualisation
framework, desktop research was carried out onsfzs@l) dashboards as well as on the requirenwdnts
dashboard design in order to analyse existing ndsthod steps to conceptualise the dashboard atcinée
The development of a dashboard for visualisatiomiafoclimatic data of urban development projeetses
on a cyclical process that involves various datdehand user interfaces (Oates 2005).

3.1 Digital Models and Simulators operation

In order to find a convenient workflow for the igtation of microclimatic analysis into the plannipigpcess

of urban development projects, the interdisciplranoject team works at the interface of digitaldals and
tools from different disciplines (architecture, d@oape architecture, microclimatic analysis/modg}lito
qualify a transdisciplinary workflow for the exclgenof data and digital geometry as well as thelaljspf

the microclimatic model and information. In partemy a 3D visualisation of an exemplary development
project embedded in the existing urban environngiteated and the analysis of its microclimatipdat

on the urban development project are interactipedgented to the user. The simulation model hasiaio
interfaces with the BIM model:

(1) Geometric and spatial information, like terraluilding envelopes, vegetation are inputs for the
simulation model. Also, physical properties thdtuence the microclimate simulation, like heat cEpya
heat conductivity, albedo, opacity (for glass st etc. which are defined in the building infotio
model, are inputs for the simulation.

(2) Simulation results (temperatures, fluid velest...) are imported into the BIM Model and displdyga
the dashboard alongside the 3D model as supplergentarmation.

The microclimatic simulation model “UHISolver” waeveloped by Rheologic on basis of the widely used
OpenFOAM library (Jasak 1996, Weller et.al. 1998sak et.al. 2007). The simulation are run trankient
(time dependent) over typical time periods of 240 aven longer with coupling of the various heahsfer
effects. The spatial resolution is flexible: sudaareas are usually resolved around several tens of
centimetres, so that the BIM geometry can be reptes with high accuracy in the simulation.

4 RESULTS — REQUIREMENTS FOR A CLIMATE CHECK DASHBOAR D

The basic idea of implementing a climate checkimsent is that of a "dashboard". A dashboard i®gsly
referred to as a graphical user interface thasésluo visualise data. The name comes from theidbnigirm
for a dashboard in a car that displays informafrmm various sources at a glance. Originally, themt
referred to the board or leather apron at the fobrat vehicle that prevented horse hooves and whisah
spraying mud into the passenger compartment (Meget5).

So-called geospatial dashboards have been usedaarch and practice since the 1990s (Jing ed&9)2In
the beginning, there was the development of dasbbdhat were located at the level of the entitg ©nly
later were object and building-related dashboasizlbped.

A dashboard usually comprises a user interfaceishedupled with models or analysis methods, wiich
turn process and evaluate certain data baseseén tardisplay (key performance) indicators (JingleR019,
Stehle and Kitchin 2020).

In order to develop a dashboard for the assessaietlimatic impacts, an interplay of these elemants
necessary. In the following, the requirements fierindividual elements are described to enable éxyplerts
and laypersons to evaluate and compare projects.

4.1 Requirements for the user interface

To provide planners and other users with valuaidahts, the output of simulations and models néade
effectively presented in the dashboard interfatanriers typically develop different design variatimiough
integrative processes or through competition proces in the early development stages of urban
development processes. A key requirement for tleeofiss dashboard in these early development siages
therefore to evaluate different variants in orderassess their potentially divergent qualities aochpare
their microclimatic impacts. This evaluation re@girthe selection and display of KPIs representing
microclimatic information, urban design featuresl anformation about green and blue indicators ia th
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interface of the Dashboard. The interface shoulddsgned with clarity and simplicity, presentiig tdata
in a concise and visually appealing manner.

41.1 Requirements for the display of data and indicatothe Dashboard

A successful dashboard must be adapted to theatbasdics of its users, so one of the initial stépto
define the target users of the climate check damitb(see chapter 4.4.). Following Fernandes (28i€)
following rules will furthermore help design andghlament a successful dashboard:

e “Enable drill-down or drill-through to underlyingath sources or reports and filters for flexibility
and customisation;

* Provide explanation and context prior to informafio

¢ Require minimal training and easy to use by anyone;

e Stay within single screen boundaries without digipig excessive detalil;

¢ Use modularity to compact information and visuasto direct attention” (Fernandes 2017, 18f).

4.1.2 Three-dimensional and interactive representatich®firban/architectural model

To present the three-dimensional BIM model in thshdboard interface, a web application with a 3D/BIM
viewer can be used. This web application serves aser-friendly platform for interactive exploratiand
visualisation of the urban development project &sdvarious information layers. The 3D/BIM viewer
provides a realistic and immersive representatibthe urban environment, including the architedtura
elements and spatial layout of the buildings. Mmsver acts as a visual medium to convey infornmatiod
facilitate understanding of the project design.the design process progresses, urban developmajatisr
are further optimised based on an initial assessniernis therefore necessary to present and ewaluat
development variants — which may differ in termduoiflding structure, urban layout, height or dgnsitand
design variants — which may differ in terms of éifint surface textures and colours, or the prapwtand
locations of green and blue infrastructure. As nometd above, a central requirement for the usehef t
Dashboard in the early stages of development (seechapter 4.3) is the ability of the 3D/BIM viewt®
evaluate and compare these different project viwiam order to assess their different (microclirmati
impacts and qualities. In Summary, the BIM modektre represented as an interactive 3D model in the
projected 3D space with users being able to frewlye, zoom, rotate and interact with the model.

4.1.3 Representation of climate indicators

The user interface will present climate indicateush as the typical summer- or hot-day that is digethe
simulation — for example according to the DEED-8tad’ The external “forcing” conditions for the project
domain are for example the air temperature or Wgla¢ incoming wind. Climate KPIs such as the ajgpéa
temperature (e.g. UT€)I or wind comfort are derived from these basiddatbrs (see chapter 4.1.5.) to
analyse the projects microclimatic performance evaluate different development and design variahts
the project.

The 3D model of the Dashboard will show spatiafigaived KPIs for the local microclimate in the foofn
color-coded 3D surfaces that can be overlaid optipnTo further enrich the information, it will gossible

to select points within the geometry to displayeiseries of variables at that point, for exampte24h air
temperature or surface temperature over time. gies users deeper insights into the dynamics ef th
microclimate.

4.1.4 Representation of urban design and planning inolisat

The use of different urban planning indicators feirgher approach to analysing the qualities of@eqzt in
relation to climate change adaptation. Typical arivalicators can either address the building oplbeand
usually describe the density and land use intefisity. floor area, built-up area, building mass).

These indicators (see Table 1), such as gross #la@, number/size of flats, and the area of (3private
open spaces, offer a quantitative representatioth®fbuilt environment. Gross floor area servesaas

! hitps://rheologic.net/articles/definition-DEEDS/
% Universal Thermal Climate Index
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measure of the overall size and scale of a buildindevelopment project, indicating its spatialtfot. It
helps assessing the intensity of land use anddtemial population density in a given area.

By representing these urban design indicators,nglencan assess the spatial layout, functionadityl
amenity provision within neighbourhoods and develepts. They can use this information to inform
decision-making processes, such as zoning regofatimiilding codes, and urban design guidelines.

Additionally, the area of balconies, loggias, aaddgns provides insights into the availability peo spaces
within the urban fabric. These private open spawegribute to enhancing the quality of life, promgt
well-being, and improving the overall liveability orban areas (Giannico 2022).

4.1.5 Representation of green and blue area indicators

Green and blue infrastructure and nature-basedi@atumake a significant contribution to the adaptaof
urban areas to climate change. Only by identifytimg benefits that nature provides, and by undedsign
the value of these benefits can planners, managetslecision-makers move towards creating a sadtian
city. The four most important functions of greefrastructures are: (i) shading of surfaces and espa(d)
low reflection of incoming solar radiation, (iiipoling of themselves and the surrounding envirortrdee
to evapotranspiration, and (iv) storage of CO2iontass and substrate. These so-called ecosyst&meser
include the Provisioning services, Regulating sssj Habitat or Supporting services, and Cultuzalises
(Millennium Ecosystem assessment 2005; TEEB Foumtka®010). The Provisioning services describe the
material and energy outputs from ecosystems (I f water, medicinal resources, etc.); the Reigglat
services are the services ecosystems provide hyategy the quality of air and soil as well as pdivg
flood and disease control; the Habitat or Suppentises means that ecosystems provide and maintaig
spaces for a diversity of plants or animals; ared Gultural services include the non-material bésdike
aesthetic, spiritual and psychological benefit$ gemple obtain from contact with ecosystems (TEBB1).

In order to integrate nature-based solutions intmam development projects, the share of green &rel b
areas is required as a basic indicator (see Tgbldther factors, such as the green area factosiowater
management indicators, are based on the area shgreen and blue infrastructure. Thus, to convey t
importance and microclimatic impact of nature-bassdutions, the area share of green and blue
infrastructure must be displayed as key information

Climatic indicators/parameters Urban indicators/parameters Green and blue infrastructure indicators/paameters
Urban heat Wind Quarter/Parcel Building Green tinacture Blue infrastructure
Air temperature Wind velocity Sealed surfaces Boddheight Extensive green roof area Area of waneids
Air humidity Wind direction spl?rrfi):: es sealed Facade area Intensive green roof area Stream lines
Solar Radiation Unsealed surfaces  Roof area leagatning area Retention areas
Calendarday/solal . Green surfaces with/ without Infiltration _areas

e Built area . (through/ infiltration
angles floor connection .

ditch)

Diurnal air Underbuilt area (incl.

temperature spill height) Existing vegetation

Gross/ Net floor area Number of trees
Private available free

Canopysizeoftrees

space
Derived KPIs Derived KPIs Derived KPIs Derived KPIs Derived KPIs Derived KPIs
Apparent ) - Blue area indicato
temperature — AT Wind comfort Degree of sealing Floor area number edBrarea factor (BA)

Universal

. ) Degree of _— . | Rain water management
;Il;réezergnflu_lc_:(l:llrnate Wind danger building density Building mass number| Extended Degree of seahng(RWM)
Air .
Surface . . - L Discharge
temperature quality(optional | ... Biodiversity indicators coefficient/water circle

Carbon capturing
Table 1: Overview and examples of indicators/KRk should be presented to assess the performaagergject

4.1.6 KPIs for the assessment

From the many variables and indicators that camdesl to qualitatively and quantitatively descrilvel a
evaluate urban development projects, it is cruciaelect those indicators most relevant for claraiange
adaptation. The selection of appropriate KPIs fue tashboard is critical to the effectiveness @ th
evaluation of different design and development ansi (De Marco et al. 2015). The KPIs should be

Rkl 2.
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comprehensive, comparable and independent to aveidap. The indicators and further calculationsusth
be easy to understand and should be able to provigenation to address upcoming design or devekam
issues. Current and historical data should be ptedeand available, e.g. wind statistics at spedifnes
(Fernandes 2017).

In Table 1 the chosen indicators are listed, reprisg climate (temperature, wind), urban indicants
(quarter, parcel, building) and green/ blue infiastiure. From these basic indicatorsand paraméietser
KPIs can be derived which enable a simple evalnatiocomparison of different variants. The statsn
wind velocity and direction contribute to wind carif and wind danger. The sealed surfaces add to the
degree of sealing and degree of building densibe Building height, facade area, roof area, budaaand
gross/net floor area conduce to the floor area munalmd building mass number. The green area factor
(GAF), biodiversity indicators and the extendedrdegof sealing derive from the number of treesadac
greening, roof greening and green surfaces withvithout floor connection. In the column of the blue
infrastructure the natural waterbodies, retentiomags and infiltration areas contribute to the bduea
indicator, discharge coefficient and rain water egament.

4.2 Requirements for the models

This chapter focuses on the necessary conditiodanstraints for the models, with the aim of pdawy
flexibility and ease of implementation. By keepirgguirements to a minimum, it is easier to adapt an
modify the model in the early stages of developm@&his flexibility allows better exploration of dga
alternatives and consideration of various factoas tontribute to sustainable design.

4.2.1 BIM Model

In the early stages of an urban development prajettall information, both geometric (e.g. detafsaced)
and alphanumeric(e.g. data on the materials usedly be readily available. In addition, different
development and design variants of the project tgpécally developed. Therefore, the BIM model is
required to accommodate the different variants elé as a gap of detailed information. As the depgaient
process progresses and more dependencies areisbsdblthe complexity of implementing changes
increases significantly. Therefore, by reducing ¢bastraints on the model from the outset, it isstale to
capitalise on the opportunity for sustainable angactful changes in the early stages, when theynas
feasible and affordable.

A key requirement is that the IFC model, which esothe architectural, technical and functional ding
data, has a closed surface. The closed surfaceresmnt for the IFC model ensures that the model
accurately represents the physical boundariesebtlilding. This information is critical for micrlimate
simulations and other analyses related to climagact assessments. The ability to easily modify adapt
the model allows designers to iterate on diffedegign options and evaluate their impact on susibdity.
The second requirement is to assign accurate grepdp the surfaces in the model to ensure that th
microclimatic analysis properly accounts for thertteristics and attributes of the surfaces (seenéxt
chapter for more information).

4.2.2 UHISolver — Microclimatic Simulation Model

The microclimate simulation model — OpenFOAM basé#dISolver in this case — draws on mesoscale
weather data usually but not necessarily for surfimmewveather conditions. Input factors for the dition
domain are air temperature, direction and speaslired, humidity and solar radiation, all of whicheteto

be available in reasonably resolved time series the 24 hours of a usual simulation. Typicallyuhg
values are used, but two-hourly values are alsemable and even quicker simulations over just rkh a
possible with some compromise on quality (for exEnpurface temperatures will not necessarily be
accurate for simulations that only span a shor}im

Buildings are included in the simulation with theibedo, thermal conductivity, thermal capacity arfid
course their geometry. At a minimum, building epas, including roofs, are resolved; dependinghen t
requirements of the project, smaller details sutalconies, alcoves, passageways and shadingusésic
may also be represented. The project also reqairgeo-location and date so that solar angles can be
accurately represented. For example, the DEEDSiitlefi for heat wave days provides not only thdydai
and hourly input factors for the simulation, busalthe annual day on which a heat wave day typicall
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occurs. If this information is not available, tharamer solstice is often used (Xu et al. 2019; Gftiondon
2022; Rheologic 2022).

Blue (water) and green (vegetation) infrastructurethe simulation domain can also evaporate water,
converting sensible heat into latent heat trappedaoisture. Evaporation rates are set accordiriget@ture
data.

4.2.3 Interaction of the models and representation inrtexface/dashboard

By integrating data from the microclimate simulagointo the 3D/BIM viewer, the web application
enhances the viewer's capabilities by overlayindjtechal layers of information. By visualising tlee&PIs
on the 3D model, users can easily understand tladiasplistribution and variation of microclimatic
conditions within the urban environment.

The interface should be designed with clarity amapbcity, presenting the data in a concise andiaily
appealing manner. Users should also be able tdedgfprmation on and off — for example, to display
certain variables (such as wind speed or air teatpes) in the model. These variables are typicatipur-
coded on top of 3D surfaces. 2D representatiohsHalt due to many of the variables not being gutgd
onto simple z-normal planar surfaces, but onto ncoraplex surfaces, that follow the elevation change
the terrain, overlap (for example under bridgesrawftops, in underpasses and thoroughfares) oewa
completely vertical (for example wind speed ovaghg. Without the ability to rotate, zoom and tégghis
information cannot be easily conveyed.

In addition to the spatial information users shoidiglally be able to see the temporal information tor
example, a colour-coded surface can show the mipdeature at certain points in the geometry atpmiet
in time (often 15:00 local time is shown, as thliften the hottest time). Ideally, a user showdble to
select a point in the geometry and have the tirff@nmation for that point — in this example, the parature
over 24 hours — displayed as a time series graptside panel.

4.3 Requirements for data preparation of input data

Data is the basis for the creation of the BIM modead microclimate simulation and the calculatidrthe
various indicators. In addition, a dashboard presithe ability to integrate and display existingadand
indicators, for example about the location and ro@sate.

4.3.1 Necessary input data for the BIM-model and the oaglimatic simulation model

The basis for both models is terrain data and mgldubature of the existing neighbourhood, as aglfor
the actual development project. In addition, mitroatic simulations need the implementation of $&ixig)

green spaces and trees. In terms of buildingstaneidhe surrounding is used/necessary to shovivibigal

fit” of the new project to the neighbourhood. Camieg the microclimatic simulation, it is mainly cessary
to evaluate the wind conditions for higher building

As mentioned above, mesoscale weather data aresaegdo set the correct input factors for the &itian.
The time resolution should be at least 2 hoursetteb A good data source for this data are the ERA
ERAS5-LAND dataset published by the ECMWEF. Theseadats are available in hourly resolution globally.
The spatial resolution is 0.25° respectively Odlfaqut 30km respectively 9km).

It is also possible to use data from meteorologieedither stations, however due to the low heighlihese
stations wind directions and velocities are often representative. Using the high-quality data fribra
abovementioned re-analysis, high quality dataded$ &re error-corrected according to highest staisda
avoids that problem. It should be noted howevet thig synoptic wind is not influenced by small Ieca
terrain, so the simulation model has to be tuneéfally to include enough terrain and surface fesgu
(buildings, forests, etc.) so that the simulateddrgonditions at pedestrian height are accurate.

4.4 Application in different planning phases and for dfferent stakeholder

The development of urban planning projects usuadiyiprises several steps, which include both tha afe
development planning — i.e. open procedures asagetkegulatory planning — i.e. legally binding pisry
instruments. A dashboard for assessing performaacee used in different phases and for differarget
groups. These are: (i) (landscape) planners amdgtape) architects, (ii) city executives and exjperes
for urban development competition processes ansilgsalso (iii) laypersons like local or futuresrdents.
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The first step is usually the development of adagban planning model that serves as the bas&ofting
and development planning, or builds on these exjgtlanning instruments. Based on these, oftenenast
plans with detailed specifications and detaileditjaa for the individual construction sites andopa spaces
are developed. The next steps usually include teknpnary draft, the design and the submissiomipilag
for the authorities before it comes to a detaileglementation planning for both the buildings amel dpen
spaces (Reinwald et al. 2021a).

The use of the dashboard is particularly beneficiahe early phases of development, when thestilisa

great deal of design freedom and all the relevamampeters — building volume, building position, egre
space distribution, etc. — can still be modifiedinmprove the project's (microclimatic) performanez.

course, it is also suitable for further planningpst and, above all, for quality assurance in thgoiog

process, as there are often decisive changes profect. Remastering the models according to patased
solutions (blue/green infrastructure) is a greatathge of assessing the microclimatic effects mfogect in

early development stages. With regard to the diffetarget groups mentioned above, it can be usedid
of public relations work to inform local residerits general about the project. On the other handhén
competition phase, it can be used by the expegrttjucompare the submitted projects in terms ofaggecal

parameters and thus select the submission witmts beneficial impact on the local microclimatel dime

best climate resilience. Depending on the targetigyrdifferent modes are recommended/practicaichas

expert mode).

5 CONCLUSION — THE "GREENPLANOUT" DASHBOARD

This contribution aimed to describe the requiremerimplementation perspectives and application
possibilities of a web-based dashboard, which esatlimate impact assessments ("climate check'then
basis of three-dimensional building models. Thellteis a conceptual architecture for the GREENpiano
Dashboard (see Figure 1).
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Figure 1: Conceptual architecture for the GREENplammashboard

Requirements were analysed and collected for threas: (i) Requirements for the user interface (ii)
Requirements for the models and (iii) Requiremdaoisdata preparation of input data. The user iatf
should be accessibility for all users via a wehtgddhat is easily readable/navigable by the usiage this
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dashboard is aimed for various users from diffengmifessional backgrounds. To display information
interactive display should be integrated. The wser click on a point in the geometry and an infdioma
window pops up with information, parameters and KPdee Figure 2). The displayed three-dimensional
model is based on the interaction of two modelsl {8#M and UHIsolver) and the underlying data. Tdes
include geospatial and climatic data and can bielegat by additional data (e.g. general climatioinfation
about the location).

Climate info,
historic data,
+cmpcra+urcs,

InFormation is updated
based on selection in
3D area

3D Area - rotate, zoom,
select area to show additional
infFormation to the right \

/ \
( o % \
3 Rrecogc
ant1 -
” an2 - |

Show/hide different microclimate Project summary info
inFormation and geometry

Figure 2: Mock-up of the planned dashboard. Basetth@selected design variant the correspondingatdis like thermal load,
wind speed etc. can be accessed via a selection (fedhside). Various KPlIs allow an assessmemifiérent variants and their
performance in relation to the climate resilientéhe building or neighbourhood (right side).

The interactive model and dashboard will provideeimgreater insight into the climatic “ground”-cotidins
than currently available synoptic weather and déenadicators can. From statistical weather datd an
meteorological models, it is only possible to iradé air temperature, radiation and humidity withthe
resolved influence of the built environment: onhadgeless, slightly rough plane without any obstacle
However, the built environment, that is often nesalved in meteorological models, has far-reacling
complex influence on the microclimate with largevidéons in radiation (from trees and shading), dvin
velocity and direction (buildings), air temperatijoenjugate heat transfer) and humidity (urban teggm
and water bodies). Insights into how, when and @hkese factors change allows urban planners t@ mak
much better-informed decisions throughout the plasnmrocess, ultimately resulting in a healthiegren
resilient environment using best available toolst the general public, it is an accessible way ¢oome
engaged in the design of public spaces alreadynglyslanning, with the potential to foster incregsin
responsibility and a sense of stewardship for headasign urban space that is fit to the climatiallehges

to come.

Especially for the greening building community (Eet al. 2021, Formanek et al 2020) this dashbdgard
very attractive, because the influence of greeffisrand facades on the microclimate and the furtffects

of greening buildings (Mann and Mollenhauser 20Rfgser et al. 2013) such as biodiversity promotion,
improvement of the albedo, production of evaposatuoling and stationary processes can be anafystd
optimized. Greening thrives on visualization, andual models provide initial information about the
possibilities, as well as a holistic view of radiatexchange in a neighbourhood network. In thiy,whe
understanding of how to improve our future micnwaies at specific locations and measures to improve
climate protection can be promoted.

It should be noted that the dashboard primarilyu$es on architectural or neighbourhood developments
How the object or the neighbourhood affects theosunding neighbourhoods or the city as a wholelmn
analysed with other simulation tools that assesseharger-scale effects. A linkage of these leigls
necessary to represent the interactions on a laogde (Reinwald et. al. 2021b).
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