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Abstract
Faced with most various challenges (e.g. climate change, biodiversity loss, population growth) that will affect people’s future
lives in cities, analysis, planning and communication tools that bring together data from different areas and thus create a
holistic picture of the environment are needed. This includes data with a socio-economic background as well as data on urban
structure, vegetation, climate data and many others. The integration of heterogeneous data and their visualisation are part
of the presented case study. The aim was to create a boundary object that facilitates the communication between actors with
different social and disciplinary backgrounds in the process of redesigning green infrastructure. 3D visualisation and virtual
reality were demonstrated to various stakeholders in transfer events. They confirmed the visualisation’s potential to serve as a
boundary object. It represents an appropriate group-specific communication tool for a thematic Digital Twin that supports the
transformation to a sustainable and resilient city in light of future changes.

1. Introduction

In the context of the climate crisis, the potential of green infras-
tructure (GI) is being discussed due to its multi-functionality and
ability to improve the urban environment [MA14,Lin17], although
it can be viewed critically [DPD∗22]. However, the positive in-
fluence of GI on urban drainage resilience [RFB∗21], urban air
quality [HAM20] and urban heat [HS19,WZS22] has been demon-
strated in many studies.

The number and intensity of extreme events such as heat waves
will increase in future [FBS∗12]. First signs pointing to such a de-
velopment, especially after 1997, were analysed by e.g.: [CJS15,
MCM∗17]. The (re)design of GI plays an important role in making
cities resilient towards extreme events and promoting sustainable
urban development. GI is embedded in a complex urban system
and interacts with the surrounding environment demanding for a
more comprehensive perspective for the evaluation of GI poten-
tials in light of the climate crisis. Thus, adequately addressing the
complexity of the urban environment requires an interdisciplinary
perspective and the involvement of different actors. In this paper,
we present the approach of using 3D visualisation as a boundary
object to

1. analyse complex, heterogeneous data from different disciplines
and

2. present it on a PC or in an immersive virtual reality (VR) envi-
ronment to bridge communication boundaries in the context of
urban planning and GI redesign.

In the context of this paper, by 3D visualisation we mean the

spatial representation of data such as buildings and vegetation using
3D models, as well as the representation of abstract data such as
wind flow using streamlines. This 3D visualisation can be projected
stereoscopic using a virtual reality environment.

2. Methods

2.1. Conceptual Framework

To cope with changing environmental conditions as a result of cli-
mate change, targeted and effective adaptation measures are nec-
essary. Existing tools and guidelines to support municipalities with
the implementation of climate adaptation strategies are often rather
generalizing and abstract without concrete examples of application
such as the redesign of GI. Furthermore, usually only individual
kinds of data are considered (e.g. modelling, indicator development
or socio-demographic data) and no systemic data integration that
combines data outputs from various methodological and profes-
sional approaches [RSL∗20]. However, this cannot meet the com-
plexity of the urban environment. Integrated assessments of the im-
pacts of extreme events [NKB∗22] or an interdisciplinary approach,
as represented by the concept of “Planetary Health”, can be helpful
in addressing these challenges. [FBTa21] unite the following four
thematic areas in their Planetary Health model that need to be con-
sidered when dealing with environmental stressors: physical/built
environment, socio-economic well-being, environment and ecol-
ogy, and human health. The result of such an integrative and in-
terdisciplinary approach is a large amount and complexity of very
different data sets. In order to provide added value for the urban
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planning practice and to overcome barriers between these thematic
areas, the interplay and combined effects on climate-adapted plan-
ning strategies need to be appropriately processed for and commu-
nicated to various stakeholders. This involves, e.g., planning au-
thorities, the residents, housing companies, civil society initiatives,
and the scientific community. All of them have different interests,
needs and levels of knowledge. 3D visualisations and VR can be
used as boundary objects to overcome communication challenges,
bridge boundaries between these diverse stakeholders, and act as
a synthesis channel (as thematic Digital Twin) for cross-sectoral
concepts like “Planetary Health” that help coping with future chal-
lenges (Fig. 1).

Figure 1: Illustration of the conceptual framework

We interpret a Digital Twin as a virtual representation of a sys-
tem (e.g., Planetary Health in urban areas) that involves the impact
chain for a given challenge (e.g., heat stress) in order to enable
well informed decision-making in light of future changes through
the climate crisis. The boundary object acts as a melting pot for the
different data sets and user groups to represent a platform (com-
munication tool) for this virtual representation. Following Star and
Griesemer ( [SG89], p. 393), we understand the 3D visualisation as
a specific tool that can be recognised and used by different actors,
even if the information presented will be interpreted and adapted
differently, depending on the disciplinary background as well as
local requirements and individual needs.

Our approach is to use 3D visualisation as a boundary object and
thus support communication between different actors involved in
the discussions about redesigning GI. 3D visualisations and VR are
increasingly used as a communication instrument in urban planning
processes [MLB∗21, NvE∗21, Pei21, ZZ21]. [BTSW16] identified
five challenges for implementing visualisation tools, including the
“challenge of integrating data” and the “challenge of representing
data”. The first, in addition to the amount of data, also refers to the
integration of qualitative / social / “soft” values and quantitative
/ physical / “hard” parameters. The second challenge appears for
instance in the way of switching seamlessly between different lev-
els of detail. [HDB∗17] also identified challenges concerning the
development of suitable visual exploration concepts and methods

as well as pointed out the need for implementing effective and tai-
lored tools that are intuitive and provide adequate interaction meth-
ods. Besides technical questions, there are also psychological barri-
ers [Wil20,HDB∗17] about integrating such advanced technologies
in daily workflows of relevant stakeholders. They are not trained in
using these technologies. More efforts in communicating the ben-
efits, research about possible use cases, co-designing tools accord-
ing to user needs or developing guidelines for good practices are
required.

Based on the above, we address the following questions:

• To what extent can 3D visualisation / VR be used as a boundary
object to create a thematic Digital Twin on the basis of which
decisions can be supported?

• What is the potential of 3D visualisation / VR as a communica-
tion tool for GI redesign?

• How can data of different characteristics be integrated and rep-
resented in 3D space?

• How can usability be realised across different user groups?

2.2. Case Study

To develop and test 3D visualisation and VR as a boundary ob-
ject for integrating different data sets and bridging boundaries be-
tween stakeholders as well as disciplines, we conducted a case
study in the large panel housing estate Leipzig-Grünau, at the west-
ern fringe of the City of Leipzig. We selected this area because we
can build on experiences and extensive data from previous stud-
ies at the Helmholtz Centre for Environmental Research - UFZ,
Leipzig. The development of the entire housing estate has been in-
vestigated since 1979 within the framework of a sociological long-
term study addressing, among other topics, residential satisfaction,
environmental perception and the socio-demographic characteris-
tics of the residents. A comprehensive and unique data set is avail-
able from eleven resident surveys. The most recent one took place
in 2020 [KP21].

As part of the international and interdisciplinary project uVITAL
(“User-Valued Innovations for Social Housing Upgrading through
Trans-Atlantic Living Labs”, funded by the Federal Ministry of
Education and Research – BMBF (DLR-PT); funding number:
01UG2025), we focused on a neighbourhood in the south-eastern
corner of the district Grünau-North (see Fig. 2). The initial research
was on housing upgrading, but it has been extended to redesigning
GI.

In the specific case study area, there are five prefabricated panel
buildings of nine storeys each. Four of them are rented out by the
municipal housing company. One is used as a student residence. In
between, there are green spaces with meadows and trees, and paths
that connect the buildings. There is also an area where people can
dry their clothes. There used to be a playground, but the equipment
has been removed. In the near vicinity of the buildings, there are
few seating facilities, only three smeared benches, that are diffi-
cult to access due to tripping hazards. This is important to mention
because most of the residents in this area are elderly people who
often live alone in a one- or two-room apartment. Some of them are
with reduced mobility and have to use a wheelchair, walker or other
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Figure 2: Location of the large panel housing estate Leipzig-
Grünau and the specific case study area in Grünau-North

walking aids. As part of the uVITAL project, we conducted inter-
views with, e.g., residents, representatives of the housing company
and the municipality. The idea was to use the collaborative redesign
of the green spaces through 3D visualisations and VR as a means
to encourage the residents to leave their apartments and to promote
social cohesion in the neighbourhood.

Additionally, in the context of the project “Hitzestress” (“Heat
Stress”, funded by the German Federal Environmental Founda-
tion - DBU; funding number: 37993/01), a state-of-the art urban
climate model was applied for this area and respective micro-
meteorological simulations were conducted. The input data (e.g.
3D buildings, streets, vegetation etc.) have already been processed
for the whole city [HZS22], including Grünau-North. For the sim-
ulation of the local thermal conditions, we selected the PALM-4U
model (v6.0, 2018) with a horizontal grid number of 750 x 750 and
a grid size of 2 x 2 m. PALM-4U is a non-hydrostatic large eddy
simulation (LES) tool that can be applied in complex environments

(3D) to calculate turbulent flow fields with a high resolution of up
to a few metres. The LES-approach combines high precision with
high computing performance and because of a broad spectrum of
potential applications this kind of urban climate modelling gains in-
creasing importance for the scientific community and also for prac-
titioners. The model was used with static drivers that incorporate
terrain height (from digital elevation model), building height (from
3D city model of Leipzig), building ID (3D city model), building
type (3D city model), vegetation type (from 2D street trees, open
street map, ATKIS data), water type (open street map data), pave-
ment type (open street map data) and soil type (BÜK200 - “Bo-
denübersichtskarte” Germany, scaling 1:200000). The meteorolog-
ical boundary conditions were taken from a measurement site of
the German Weather Service at Leipzig-Halle airport and a weather
station at the University of Leipzig (Institute for Meteorology).

The objective was to integrate and represent these different kinds
of data sets in 3D space. However, due to the Covid-19 pandemic
and the resulting delays in the (uVITAL) project process, extensive
formal user evaluation tests were not possible.

2.3. Technical Implementation

For the implementation of the visualisation application [HPHS] we
used the Unity game engine (Version 2019.4.19f1). Unity is a de-
velopment environment for computer games and other interactive
3D graphics applications. Using Unity enables us to integrate het-
erogeneous data, combine methods of 3D visualisation and VR as
well as to implement analysis methods and make them available via
a user interface.

In the following chapter, we will go into more detail on aspects of
data integration, the visualisation methods used, and the navigation
and interaction functions provided.

2.3.1. Data Integration

In the application, data from very different sources, with distinctive
characteristics, are included. They range from empirical data, to
cartographic data, to simulated data. The individual data sets and
their integration are briefly described in this section.

The socio-economic data from the municipal statistics at the
level of statistical blocks were provided by the Office for Statis-
tics and Elections of the City of Leipzig (status 31.12.2021). This
includes information on the residents of the respective block such
as age group, gender, marital status and proportion of migrants.
The questionnaire data were collected during a resident survey
in June and July 2020 as part of the sociological long-term study.
It includes information on the residents such as age group, gender,
household structure, educational qualification and employment sta-
tus. They were also asked about their perception of extreme events
and their attitude towards heat adaptation measures. Both, socio-
economic and questionnaire data were available in table format and
were converted into graphs. These were transformed to material
textures in Unity and can thus be integrated into the scene.

Qualitative data were collected through interviews conducted
as part of the uVITAL project. For instance, the use and the percep-
tion of the green spaces by the residents were discussed, as well as
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ownership and responsibilities, and questions about the concrete
implementation of design options (including obstacles, legal re-
quirements, etc.). Individual aspects of this have been considered
in the creation of the design scenarios.

As part of the “Hitzestress” project, urban climate simulations
were carried out in the case study area. The simulations were con-
ducted by help of PALM-4U (see section 2.2) for 23.9.2010 since
airborne thermal scans were available. As a result, the simulations
provide hourly data on wind fields and PET (physiological equiva-
lent temperature) values. The “PET is defined as the air temperature
at which, in a typical indoor setting (without wind and solar radia-
tion), the heat budget of the human body is balanced with the same
core and skin temperature as under the complex outdoor conditions
to be assessed” [Hö99]. The simulation outcomes were visualised
with ParaView [AGL05] and exported as an FBX file, which was
then imported into Unity as a game object.

Data from the urban climate analysis of the City of Leipzig
was integrated [BT21]. In the analysis, data were collected on the
microclimate, the flow field and the heat stress of the people in
Leipzig. On the basis of this data, 17 action plans were derived and
spatially represented. The action plan maps show where a specific
strategy can help to reduce the heat load prevailing in the block or
in the street space. The data is available in the form of PDF maps.
These were analysed and the respective status for all 17 action plans
was determined for each building in the scene.

Orthographic photos were used as a basis in order to reproduce
the development of the area as realistically as possible. In addition,
several site visits took place, during which sketches and photos of
the surroundings were made. Additional information was obtained
from Google Earth. The orthographic photos are given as images
and were transformed to material textures in Unity and can thus be
integrated into the scene.

Unity offers the possibility to integrate sound effects. In order
to not only be able to experience the visual aspects of different
scenarios in comparison to the current situation in the area, a sound
file with traffic noise was integrated into the scene. This additional
audio stimulus is intended to allow for experiencing the difference
between the scenario and the status quo even more intensively. It
must be pointed out, that the sound is perceived equally strongly
from all positions in the area. In order to achieve a more realistic
integration of the sound-scape, a precise analysis of the location
regarding shielding/reflection of sounds would have to be carried
out and then integrated into the scene. The sound file was available
in MP3 format and could thus be easily integrated into Unity.

A number of 3D models (buildings, vegetation, streets, etc.) are
needed to set up the scene. These were directly downloaded from
the Unity Asset Store.

2.3.2. Visualisation Methods

The representation of the different data described in section 2.3.1
is done according to their characteristics with the help of 2D or 3D
representatives in a Unity scene. Real world objects such as build-
ings, vegetation, infrastructure (streets / pathways / tram tracks),
outdoor furniture, playground / play area, and parking areas with
cars are represented by realistic 3D models. The positioning of

these objects in the status quo scenario (see section 3.1) is based on
the orthographic photos, the site inspection and information from
Google Earth. When selecting 3D models in the Unity Asset Store,
it is important to ensure that they are compatible with the corre-
sponding version of Unity (2019) and that they have as few poly-
gons as possible (especially for 3D models that appear several times
in the scene). The richness of detail of a 3D model must always be
weighed against its size in order to guarantee good performance of
the scene. Unity supports the calculation and display of shadows of
3D models in the scene. For the representation of vegetation and
with regard to the height of the buildings in the scene, the different
shadow cast in the scenarios is very important. In an intuitive way,
it represents coolness, especially if one set the scenario on a hot
summer day.

In addition to the real world objects, the following abstract ob-
jects are added to the scene (see Fig. 3): streamlines (represent-
ing wind), plane with colour coding (representing PET values),
coloured boxes around the buildings (representing the status of
action plan of urban climate analysis), a cube with correspond-
ing symbol (representing use of buildings, e.g. student residence,
school, elderly care), and info points for additional information (see
next paragraph).

In order to be able to integrate 2D data such as socio-economic
statistics and questionnaire data as well as photos into the scene,
these are used as elements of the user interface.

2.3.3. Navigation and Interaction

When it comes to complex, heterogeneous data, Shneiderman’s
mantra “overview first, zoom and filter, details on demand” is still
relevant [NS00]. This concept is particularly suitable when there
are different user groups. In the developed application, a naviga-
tion bar gives the possibility to show and hide different data sets.
In this way, the view can be adapted according to the question to
be addressed. Thus, the complexity is reduced and details are only
shown when necessary.

The different scenarios (Status Quo, Scenario 1, Scenario 2, for
details see section 3.1) that can be displayed are selected via a
drop-down menu. Likewise, the simulation results for wind and
PET can be shown through such a menu. In addition, it is possible
to select individual time steps. The relevance of individual mea-
sures of the action map (M01 Shading of buildings, M02 Green
roofs, M03 Energetic renovation, M04 Unsealing, M05 Greening
through, M06 Increase of surface albedo, M07 Creation of open
green spaces, M08 Expansion of social networks, M10 Shading,
M14 Increase micro-climatic diversity) can also be shown via a
drop-down menu.

There are different perspectives that the user can select via an-
other drop-down menu: Avatar (user can move around the scene
from a first-person perspective), Drone (or bird’s eye view, it gives
users a good overview of the area) and Avatar with figure (simi-
lar to the avatar perspective, here a figure is also displayed with
which one moves). The avatar perspective is particularly suitable
for movement in the VR environment. It offers the greatest immer-
sion, as it comes closest to natural movement in an environment.
Buildings, vegetation with their shadows as well as other landscape
elements can be experienced.
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Figure 3: Status quo scenario with streamlines of the wind sim-
ulation (top; bright blue means low wind speed, dark blue means
high wind speed), a plane showing the PET values by colour (mid-
dle; reddish means high values - thermal uncomfortable, green-
ish means lower values - thermal comfortable), boxes around the
buildings representing status of the recommended greening (bot-
tom).

Additional information such as statistics on socio-economic is-
sues, results from resident surveys as well as photos of the sur-
roundings are integrated via a 2D display. The information can be
opened by clicking on the purple or blue 3D "i" in the scene.

The sound is controlled by selecting the scenario (status quo =
traffic noise). In addition, the user has the option to mute the sound
completely.

3. Results with Discussion

3.1. Scenarios

In our study, we have incorporated 3 scenarios in the application:
status quo shows the current state of the area; scenario 1 and 2
are possible future scenarios in which various elements have been
added to the status quo (see Fig. 5). In addition to GI, elements
such as water features, facade shading, playgrounds and seating
were integrated.

The results of the residents’ survey (N=16), from which the pri-
orities for concrete measures among the residents emerged, served
as one basis for the development of the scenarios. For example,
they were asked about desired measures to reduce heat stress in the
building and the living environment. They could choose between
the answer options “yes”, “no”, “already exists” and “don’t know”.
The preferred measures are (answer “yes”, order of decreasing
agreement): Solar shading devices (78%), insulation of roof and
facade (78%), tree planting (73%), fountains/water features (71%),
air conditioning (63%), green facade (57%), and green roof (50%).
The insulation and air conditioning measures were not taken into
account in the scenarios, as these would only be visible in the in-
terior anyway. Green facades and roofs were also not integrated,
since on the one hand the statics of the buildings do not allow for
green roofs and on the other hand the facades of the buildings have
just recently been renovated, which makes the installation of both
green roofs and facades very unrealistic. The scenarios were also
based on the data from the qualitative interviews and on other best-
practice projects in the area, such as the “Kolonnadengarten” (see
Fig. 4).

Figure 4: “Kolonnadengarten” as a best-practice project in the
large-housing estate Leipzig-Grünau

The scenarios created are described in more detail below:

The status quo scenario represents the current state of the area
including the five nine-storey buildings, surrounded buildings such
as a petrol station and a large block of flats, the green area including
existing vegetation, an open space that used to be a playground,
parking lots, paths, roads, tram tracks, seating, and clothes drying
rails.
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In scenarios 1 and 2, existing elements were retained (apart from
the clothes drying rails) and others were added. In scenario 1, a
water surface, seating with and without shade, a community gar-
den, playground equipment and various types of vegetation (e.g.,
trees, bushes, flowers) were integrated. In scenario 2, the focus
was, among other things, on increasing biodiversity, which is why
additional vegetation types were added. In both scenarios, shad-
ing elements were integrated on the balconies of the nine-storey-
buildings.

Figure 5: Status quo scenario (top), scenario 1 (middle), and sce-
nario 2 (bottom) from avatar view (left images) and drone view
(right images)

3.2. Transfer Events

Unity offers the possibility to build the application for different
platforms. It is possible to use it on a PC, in a VR environment
or with a head mounted display (HMD). As VR environment, we
used the TESSIN VisLab at the UFZ, Leipzig [BFH∗14].

As part of a stakeholder workshop (17.05.2022) in the
“Hitzestress” project (see section 2.2), we used the VR environment
to demonstrate PALM-4U results, our Planetary Health understand-
ing and mobile measurement trajectories as a first application case
for a thematic Digital Twin of the city. Primarily, the participants
came from the city offices of Leipzig (health, environment, hous-
ing), university hospital Halle (epidemiology), environmental asso-
ciation “Ökolöwe” and had various professional backgrounds. The
participants agreed that measurements and model results and their
respective visualisation represents an important basis for regional
recommendations for climate adaptation measures. Especially, en-
ergetic redevelopment or in general new climate related building
projects should be monitored by measurements and/or visualisa-
tion/modelling before and after the construction start to be able to
assess the impacts on the environment. Further, they strongly ap-
preciate suggestions for designing GI and considering the health

of the ecosystem (vitality, age, better understanding of ecosystem
services through Planetary Health concepts). Concerning these dis-
cussion results, all agreed that 3D and VR are useful for communi-
cating with the local residents and finding/monitoring suitable sites
for urban heat adaptation. To sum up, they argued for the impor-
tance of an appropriate communication to cope with individual heat
stress and that there is a need for climate maps to assess climate
adaptation measures in public spaces. So far, VR is seen as a com-
munication tool with the local residents or to provide information
for the public on the municipal homepages. There was no discus-
sion about the benefits for their daily work because a thematic Dig-
ital Twin and the heat stress problem alone is not sufficient for the
planning practice. Thus, as an addition, further developments of the
presented VR approach need to incorporate already evaluated data
that can be derived from the thematic Digital Twin of the city.

Based on the first stakeholder workshop, another took place
about a year later (19.04.2023) with some of the same participants,
but also with a number of new ones (from the “Health for Future”
initiative, the DBU and from housing companies and planning of-
fices). This time, they could test the VR with different scenarios
using a HMD. A small survey was conducted to find out whether
the 3D visualisation and VR could also be used in their field of
work. 44% of all participants (N=18) answered “yes” (mainly from
the housing and planning industry), 28% said “no”. Another 28%
did not answer this question.

The VR environment was additionally used and discussed in the
context of the uVITAL project meeting (09.08.2022, see Fig. 6)
together with partners from the University of Huddersfield (UK)
and the University of Delft who also deal with different kinds of
3D visualisations in their research (in addition to VR also BIM –
Building Information Modeling). It was emphasised that the level
of immersion, which varies according to the technology used, can
play an important role. There was agreement that boundary objects
can help to exchange knowledge and improve mutual understand-
ing. However, it was stressed that careful consideration should be
given to which tool is useful at which stage of a project or planning
process.

Finally, the 3D visualisation including scenario 1 was presented
to and discussed with four of the residents in the case study area
and two representatives of the housing company during a meeting
of the tenants’ association (02.11.2022). The presentation was gen-
erally welcomed with interest by all of them. One of the challenges
was not to raise expectations that cannot be met. Therefore, it has
been explained repeatedly by the scientists that the main point is to
show what is technically possible. One resident compared scenario
1 to a spa park and welcomed the community garden. Another said
that he did not want benches and tables because they would be used
by drinkers or noisy people. A representative of the housing com-
pany pointed out that the access for the fire brigade would have to
be considered for the green areas close to the house. These exam-
ples from the discussion illustrate the complexity of redesigning GI
from a social science perspective and underline the importance of
using 3D visualisations to foster communication between different
stakeholders.

We would like to point out that there is a lot of research and anal-
ysis on the usability of 3D visualisation and VR in planning. It is
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Figure 6: Colleagues from different disciplines exploring the de-
veloped scenes during the uVITAL workshop at the VisLab of the
UFZ

beyond our focus to go into more detail in this paper. We would
like to draw attention to Eilola et al. 2023 who state that there is a
research-practise gap that risks that research does not create appli-
cable knowledge of the usability of 3D visualisations. They stress
that there is not enough critical evaluation of 3D visualisations con-
cerning their benefits and limitations from communicative planning
theory perspective in the complex reality of planning. They suggest
a common framework for developing and reporting 3D visualisa-
tions [EJK∗23]. We agree with this assessment and would like to
help systematise the research in this area in the future.

4. Conclusion and Outlook

In this paper, we presented a visualisation application that served
as a boundary object in the communication process during the de-
velopment of scenarios for urban planning and GI redesign. Based
on our findings, we answer the posed research questions as follows:

To what extent can 3D visualisation / VR be used as a bound-
ary object to create a thematic Digital Twin on the basis of
which decisions can be supported? In the paper, we provide ev-
idence that the 3D visualisation / VR can be used to analyse com-
plex, heterogeneous data from multiple disciplines. Furthermore,
it can be presented on a PC or in an immersive VR environment.
This helps to bridge communication boundaries. In several trans-
fer events, the participants stressed the importance of an intensive,
group specific and linguistically appropriate communication. They
confirmed the visualisation’s potential to fulfil this task and to serve
as a boundary object for the development of a thematic Digital
Twin.

What is the potential of 3D visualisation / VR as a commu-
nication tool for GI redesign? In the context of our case study on
GI redesign and with regard to urban planning, the potential of the
3D visualisation / VR presented is the integration of heterogeneous
data and its processing for different stakeholder groups. However,

when it comes to applying 3D visualisation / VR, it is important to
bear in mind that the development of such an application is associ-
ated with a not inconsiderable amount of work, for which experts
are required. Appropriate resources (finances, staff, time) and hard-
ware infrastructure must be considered in project planning.

How can data of different characteristics be integrated and
represented in 3D space? The different kinds of data were visu-
alised according to their characteristics which allow for a systemic
data integration (see section 2.1) via 3D visualisation as a boundary
object. Natural objects such as buildings and vegetation were repre-
sented by a 3D object, data from simulation and climate report were
assigned to abstract 3D objects. The socio-economic data available
as a table were represented as graphs and projected in 2D in front
of the scene, just like the photos.

How can usability be realised across different user groups?
The transfer events provided unique opportunities to verify the us-
ability of the presented visualisation pipeline among experts from
very different professional backgrounds. The usability across dif-
ferent user groups was ensured by showing / hiding different data
layers as needed. In this way, the level of detail in the scene could
be customised depending on the actor and the focused question.
However, it was not possible to conduct large-scale formal usabil-
ity testing.

In future work, it would be beneficial to enlarge the data ba-
sis, e.g. with mobile measurements of environmental stressors
[HBM∗22]. These spatially and temporally highly resolved data
can enhance the thematic Digital Twin and support the verification
of the simulation results. Additional simulations with input data
based on the scenarios would be interesting. In order to facilitate
the integration of such tools into the daily work of actors, the de-
velopment of workflows for their implementation would be helpful
(in order to reduce the development effort) as well as further train-
ing of actors in the technologies used.
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