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Abstract

Urban air quality poses a significant public health challenge, particularly in complex urban areas like street canyons, where traffic
emissions intensify the issue. The limitations of traditional monitoring methods, marked by a narrow scope and poor visualisation,
hinder our understanding of pollutant dispersion dynamics, impeding effective air quality management. Consequently, this study
explores the synergy of 3D city models and Computational Fluid Dynamics (CFD) simulation to analyse air pollutant dispersion
in complex urban settings. To enhance geo-visualisation, the research employs the next generation of Open Geospatial Consortium
(OGC) APIs for data delivery. The integration of 3D city models with CFD simulations and geo-visualisation techniques aims to
develop an urban digital twin. This digital twin is envisioned to offer valuable insights into the dynamics of air pollutant dispersion

within street canyons, thereby informing more effective air quality management strategies.

1. Introduction

Urban air quality poses a significant challenge, particularly in
densely populated areas characterised by high traffic volumes.
Streets and squares are generally the main zones of urban areas
where human activities take place but also where air pollutants
are present in high concentrations. Air pollutants tend to ac-
cumulate in these urban hotspots, where the architectural land-
scape constrains natural airflow, exacerbating the accumulation
of pollutants. This phenomenon not only impacts outdoor air
quality but also infiltrates indoor environments, presenting sub-
stantial health risks to the residents. Despite efforts to mon-
itor outdoor air quality, traditional methods often fall short of
providing a comprehensive understanding of air pollutant dis-
persion in urban settings. Conventional monitoring stations,
while offering direct measurements of pollutants and wind con-
ditions, frequently lack the spatial resolution needed to capture
the intricate dynamics of air pollutant distribution. Addition-
ally, ground-based stations face limitations in coverage, result-
ing in gaps in data collection, especially in areas with diverse
sources of air pollution. Remote sensing technologies, on the
other hand, provide a broader perspective, enabling the monit-
oring of air pollution over large geographical areas and facilitat-
ing the tracking of pollution plumes. However, it’s important to
acknowledge that remote sensing may overlook smaller-scale
variations critical for targeted interventions in specific urban
micro-environments.For target-based interventions at a granu-
lar scale, the integration of 3D city models with Computational
Fluid Dynamics (CFD) simulation forms an interesting synergy.

CFD is a powerful numerical model for predicting fluid (in-
cluding air) behaviour around buildings, bridges, vehicles, and
other structures in cities, enabling more effective interventions
to combat air pollution. Therefore, by using 3D city models as
an input to CFD simulation, there is an opportunity to advance
our knowledge of the intricate airflow patterns within street
canyons and other urban micro-environments, thereby gaining
a more detailed understanding of how air pollutants disperse

and accumulate. Such an approach enables the identification of
air pollution hotspots, the assessment of building layouts, and
other morphological factors influencing air pollutant dispersion
dynamics, along with the more precise evaluation of potential
mitigation strategies.

In addition to accurate predictions, it is also crucial to have ad-
vance visualisation tools for the interpretation and extraction of
detailed information from the obtained simulation results. Tra-
ditional data visualisation of outdoor air quality data has often
relied on static charts, graphs and numbers, which can be cum-
bersome and time-consuming to interpret for larger datasets and
non-experts. Interactive visualisation tools and dynamic maps,
particularly those integrated with Geographic Information Sys-
tem (GIS) capabilities, provide a powerful means of visualising
spatial data. They allow for the overlay of air quality data
onto geographical representations, such as street maps or 3D
city models. This integration enables stakeholders to visualise
air quality variations across different times and locations. 3D
city models are increasingly becoming indispensable for urban
planning and environmental analysis (Schrotter and Hiirzeler,
2020). They can help city officials to identify and focus on
urban opportunities and challenges more effectively. Integrat-
ing air quality data into these models enhances their utility by
providing a holistic view of how air pollution levels vary within
urban environments.

With this context, the current research aims to explore the po-
tential of integrating 3D city models with CFD simulations to
analyse air pollutant dispersion in complex urban environments.
For geo-visualisation, the next generation of OGC APIs is used
for data delivery to a web client. The web client is developed
using the open-source CesiumJS library. By combining 3D city
models with CFD simulation and geo-visualisation techniques,
the objective is to develop an urban digital twin that offers valu-
able insights into the dynamics of air pollutant dispersion within
street canyons. This paper provides a detailed explanation of
the concept and shows the first geo-visualisation result on web.
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2. State of Art

2.1 Use of 3D City Models in CFD Simulation

It is well established that the dispersion of air pollutants in
street canyons is directly affected by urban morphology, such as
building geometries (Miao et al., 2020). Within the geoinforma-
tion field, 3D city models, in particular the OGC CityGML data
model, is commonly used to store and exchange geometries and
semantics of the built environment, including buildings, roads,
terrain, vegetation, and other objects. Presently, CityGML data-
sets commonly incorporate buildings at Level of Detail (LoD)1,
which represents volumetric shapes with flat roofs approximat-
ing the actual building height, or LoD2, which extends LoD1 by
including basic roof shapes. The possibility to model CityGML
datasets in higher LoD also exists, but such datasets are rarely
available. However, a key challenge in using CityGML for CFD
simulation lies in the requirement that the input geometric data
must adhere to a CAD (Computer-Aided Design) format such
as STEP (Standard for the Exchange of Product Model Data)
or STL (Standard Triangulation Language). This necessitates a
data conversion from CityGML to one of the mentioned CAD
formats. However, the benefits of using a CityGML dataset as a
starting point (before conversion to CAD) are two-fold. First, as
mentioned before, 3D city models based on the CityGML data
model are widely available globally', and second, quality check
tools such as CityDoctor ? and Val3dity ® are freely available
for validating the geometry of CityGML datasets. Neverthe-
less, following the conversion from CityGML to CAD formats,
it remains imperative to ensure that the derived CAD model
possesses solid geometry with an appropriate level of detail
suitable for the specific problem at hand, facilitating proper
meshing. The generation of meshes for CFD simulation typ-
ically occurs within dedicated CFD software packages. Nu-
merous open-source and commercial desktop software pack-
ages are accessible for conducting CFD simulations (Toparlar
et al., 2017). (Blocken, 2015) highlighted that a high-quality
computational mesh plays a pivotal role in ensuring the success
of CFD simulation, impacting both computational efficiency
and the reliability of results. Researchers and practitioners
worldwide acknowledge that within the CFD simulation work-
flow, geometry preparation is frequently perceived as a labori-
ous and time-intensive task. Many practitioners identify it as a
primary bottleneck in the simulation process. Therefore, vari-
ous approaches are being actively investigated for validating
(Saeedrashed and Benim, 2019) and automating the reconstruc-
tion of 3D city models specifically tailored for CFD simulations
(Deininger et al., 2020), (Paden et al., 2022). Post geometry
processing, researchers have showcased the use of CityGML
datasets for CFD simulations. For example, (Garcia-Sanchez
et al., 2021) used validated CFD libraries from OpenFOAM to
predict wind flows and study pedestrian wind comfort within a
troublesome section of the TUDelft campus. In doing so, they
also explored what are the effects of oversimplifying geomet-
ries by comparing wind simulations of different levels of detail
building geometries. (Brennenstuhl et al., 2021) used Ansys
Fluent software for CFD simulation to study wind flow in a pro-
posed re-development neighbourhood called ”Neuer Stockach”
in the city of Stuttgart, Germany. Subsequently, the CFD sim-
ulation results were integrated into another simulation model,
INSEL, to estimate the energy yield of photovoltaic systems
and small wind turbines at the site.

! https://github.com/OloOcki/awesome-citygml
2 https://transfer.hft-stuttgart.de/pages/citydoctor/citydoctorhomepage/en/
3 https://github.com/tudelft3d/val3dity

2.2 Geo-visualisation of CFD Simulation Results

The Kalasatama Digital Twins Project # is a notable example
of the visualisation of CFD simulation results. The project em-
ployed the CityGML dataset in ANSYS Discovery, allowing
real-time simulation and iterative urban design enhancements
across various disciplines, including wind flow analysis. How-
ever, this tool does not support the export of simulation results
for external visualisation purposes. A fundamental aspect of the
smart city concept involves integrating data, including simula-
tion results, from diverse sources into a unified platform. This
platform is usually a web-based application that enables inter-
active exploration, showcasing outcomes within the framework
of a 3D city model. This approach offers a comprehensive view
of various integrated datasets, facilitating informed decision-
making and urban management (Cepero et al., 2022). With the
progress of web technologies, simulation results can now be
transformed into graphical information for visualisation on web
browsers using digital web globes like Google Earth, Cesium,
Mapbox, and ArcGIS Earth. While the majority of studies
showcase wind visualisation on a national® or global scale®,
very few examples can be found in the context of a neighbour-
hood or a street canyon scale. (Liu and Kenjeres, 2017) visu-
alised their CFD simulation results of wind flows and pollutant
dispersion using Google Earth. This was achieved by develop-
ing code in the Java language to convert simulation results into
the Keyhole Markup Language (KML) format. However, this
approach requires additional installation of Google Earth soft-
ware. Moreover, KML files are typically static and not optim-
ised for streaming large datasets. With the advent of HTMLS5
technology, it has now become easier to implement immers-
ive and high-performance 3D geospatial applications directly in
web browsers without the need for additional installations. Ad-
ditionally, with the development of web streaming standards,
such as the OGC community standards of 3D Tiles and i3S,
delivering large and heterogeneous 2D or 3D geospatial con-
tent on the web has become more efficient and scalable. These
standards enable the streaming and rendering of complex geo-
spatial data, including terrain models, buildings, and other fea-
tures, in a dynamic and interactive manner within web-based
applications. (Schneider et al., 2020) converted their CFD sim-
ulation results on wind pressure (scalar) and wind direction
(vector) to 3D Tiles and consumed it in a web 3D application
built using CesiumJS to showcase different visualisation meth-
ods of urban wind fields. Besides 3D Tiles, authors also in-
vestigated other data formats like GeoJSON and point clouds
to deliver and visualise simulation results on the web. Due to
the availability of many such data formats and to simplify and
standardise how developers interact with geospatial informa-
tion, in 2019, OGC released a new generation of OGC APIs’ to
make it simple for anyone to provide and access geospatial data
on the web, also ensuring seamless data exchange between dif-
ferent systems and platforms. (Santhanavanich et al., 2023) il-
lustrated an example implementation of utilising different OGC
APIs within the urban building energy domain.

In this study, we explore the utilisation of CityGML datasets
with CFD simulation to analyse air-pollutant dispersion within
a street canyon. Additionally, we present the initial implement-
ation of web-based geo-visualisation of simulation results, op-
timised for data delivery through OGC APIs.

https://shorturl.at/apsV2
http://hint.fm/wind/
https://cesium.com/blog/2019/04/29/gpu-powered-wind/

4
5
6
7 https://ogcapi.ogc.org/
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Figure 1. Workflow overview: From 3D city models to geo-visualisation of inner-city air flows and air pollutant dispersion

3. Case Study

Street SchloBstrale adjacent to building 7 of the HFT Stuttgart
campus is used as a case study to study the effect of road traffic
on the air quality around the HFT Stuttgart campus and in par-
ticular in the street canyon near building 7 (Fig. 2)®. The ra-
tionale behind choosing Schlof3strae as a case study area is
due to the fact that SchloBstrae is one of the most important
collector roads in the city centre of Stuttgart.

STURGART | &

Figure 2. Street canyon near building 7 of HFT Stuttgart campus
as visualised on Stuttgart 3D web application

4. Methodology

This study introduces a comprehensive workflow for the inter-
active exploration of simulated inner-city air flows and air pol-
lutant dispersion. Illustrated in Fig. 1, the workflow comprises
of three key components: 3D city models, CFD simulation, and
geo-visualisation services.

4.1 3D City Models

The input dataset includes building and terrain information
models of the Stuttgart region in CityGML format. The build-
ing details correspond to the mixture of LOD1 and LOD2, and
the terrain of the region is represented as a TIN surface. To
capture the airflow details around the HFT Stuttgart campus,
the roof geometries belonging to buildings of the HFT Stut-
tgart campus were considered (LOD2). The buildings in the

8 https://3d.stuttgart.de/

surrounding area were kept in LOD1. For CFD simulation,
buildings located within a radius of R = 400m from building 7
of the HFT Stuttgart campus were considered (Fig. 3).

R8s

Figure 3. Coverage of buildings considered for CFD simulation.
The origin of the coordinate is marked by the green dot

For the use of the CityGML model in CFD simulation, they
were first converted to STL format using Ansys SpaceClaim
(SC) CAD software. Automatic conversion of the model into
CAD formats generally cannot provide the quality of geometry
required for numerical simulation such as CFD. The main re-
quirements for the quality of building and terrain models for
further CFD modelling can be formulated in a general way:

- Building models should be represented as closed volumes
without missing surfaces;

- Small surfaces and geometric features should be removed
from the model unless they have a significant effect on the flow
parameters around buildings. Fine details of facades and roofs
can be taken into account in the CFD model by using equivalent
roughness in the numerical simulation step;

- All duplicated surfaces and edges that are not required to
define the shape of the buildings should be removed;

- The terrain represented by the TIN surface should be regu-
larised for the fragments with small height gradients, and the
number of facets of the TIN surface should be reduced as much
as possible while preserving the terrain structure.
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The standard errors observed after the import are marked in
Fig. 4a-b: the missing faces and the split edges of the buildings
are highlighted in red. In the considered case, the healing pro-
cess was carried out using the standard repair tools implemen-
ted in Ansys SC. Some of the buildings in the model have also
been restored by hand, creating additional surfaces and bod-
ies. The resulting geometric models of the buildings and terrain
used to construct the CFD domain are shown in Fig. 4c.

e -
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Figure 4. 3D geometric model: .stl model after automatic import
into Ansys SC (a-b) and solid 3D model after semi-automatic
healing (c)

4.2 CFD Simulation

The CFD simulation of the airflow and dispersion of vehicle ex-
haust air pollutants around the buildings was carried out using
the 3D geometric model obtained in the previous step described
in section 4.3.1. The CFD domain is shown in Fig. 5 and con-
sists of two parts.

Figure 5. 3D Computational Domain

The first part has a cylindrical shape with a radius of R and
includes the considered case study environment. The second
part has a rectangular parallelepiped shape and represents the
“outer” zone needed to ensure the absence of influence of the
external boundary conditions on the flow in the vicinity of the
buildings. The outer part has dimensions Wy x Lg x Hg, where
W4 = 4R and Wy = 5R. The mean height of the domain was
chosen to be H; = 20H}, where H,, is the height of building
7. The domain is aligned with the main wind direction, and the
inlet boundary is perpendicular to the inflow velocity. In addi-
tion, we added to the domain two sections of the air pollution
sources, located at the bottom of the domain, corresponding to
the location of the road (Fig. 6).

Pollutant emission sources

Figure 6. Location of pollutant sources and VIT volume zones
along the road in the CFD domain

As can be seen in Fig. 6, two volume zones were also added
to the domain, which is required to define the Vehicle-Induced
Turbulence (VIT) model. The VIT model allows the consider-
ation of the vehicular motion for the generation of turbulence
along the road (Hataya et al., 2017). The VIT numerical model
was not included in the current simulation and will be imple-
mented in the next step. The numerical model does not in-
clude vegetation zones because the considered part of the street
canyon is characterised by the absence of green areas. Veget-
ation zones could be included to the model in the future. Us-
ing the numerical simulation method, we can reproduce the air-
flow around the building in real climatic conditions or predict
the flow in different hypothetical meteorological scenarios de-
scribed by the set of boundary conditions. In this study, we
publish the results for the base scenario with a southerly wind
direction and a reference inflow velocity of U, = 5 m/s at
a height of hyef = 10 m. The inflow boundary condition was
set as a power-law profile of velocity with the power exponent
a = 0.241 and roughness length zp = 0.5 m (Choi, 2009),
and the turbulence parameter profiles were defined according to
(Tominaga et al., 2008). The “no-slip” boundary condition was
used at the building walls and the ground, while the “symmetry”
boundary condition was chosen for the lateral boundaries of the
domain. Taking into account the height difference in the terrain
(the difference between the highest and lowest point within the
computational domain is Ah = 165 m), the “pressure-outlet”
condition AP = P,; — Py = 0 atm was specified at the top and
outlet boundaries of the domain. The “mass-flow” inlet con-
ditions were specified to represent pollutant sources along the
ground boundaries adjacent to the road. The composition of
vehicle exhaust pollutants included carbon monoxide C'O, ni-
trogen oxides NO,, sulphur dioxide SO, hydrocarbons (HC)
and benz(a)pyrene (BAP). Emission of the i-th pollutant (g/s)
by a moving vehicle stream on a road section of fixed length L,
(km) was determined as:

Ly w
505 D MiiGrrs, ()

n=1

L; =

where M kL ;> 2/km is the specific emissions per kilometre of the
i-th pollutant of the k-th vehicle category, x is the number of
vehicle categories, G, 1/hour is the actual maximum intens-
ity of traffic of k-th vehicle category passing through a fixed
section of the road in both directions on all lanes, and r; is the
correction factor for the average speed of traffic.

This contribution has been peer-reviewed.
https://doi.org/10.5194/isprs-archives-XLVIlI-4-W11-2024-89-2024 | © Author(s) 2024. CC BY 4.0 License. 92



The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLVIII-4/W11-2024
19th 3D Geolnfo Conference 2024, 1-3 July 2024, Vigo, Spain

The CFD simulation of airflow and pollutant dispersion in the
building environment is performed using the 3D Reynolds-
averaged Navier-Stokes equations, supplemented by a k-e tur-
bulence model and convection-diffusion equations for the pol-
lutants. The finite volume mesh contained 6.6 million polyhed-
ral cells and prismatic layers on the building walls to resolve
the flow boundary layer parameters (Fig. 7). The Ansys Fluent
2023R3 software was used as the main CFD modelling tool.

Figure 7. The finite-volume grid on the walls of the building and
on the ground

Fig. 8 below shows the vector velocity field inside the street
canyon formed by building 7 (SchloBstra3e 34) and the opposite
building (SchloBstrale 31).

4.0

Figure 8. The vector velocity field in the vicinity of building 7
obtained using Ansys Fluent Software

The flow structure obtained in the simulation inside the street
canyon is typical of the case where the inflow is perpendicu-
lar to the building. This vortex structure, when the air volume
moves from the windward to the leeward wall of the canyon,
is well described in the wind tunnel experiments for the model
configuration of the canyon (Gromke et al., 2008). The vortex
structure of the airflow defines the distribution of the gaseous
pollutants entering from the road. As seen in Fig. 9, the main
concentrations of emissions are observed near the walls of the
building.

The results of the CFD simulation are exported from Ansys Flu-
ent as a CSV file representing scalar variables such as distribu-
tion of air pressure and vehicular mass fractions of CO, NOx,
SO2, HC and BAP; and vector variables such as the distribution
of wind velocity at the horizontal and vertical cross-sections
around the street canyon, as well as at the building surfaces of
the case study area.

1.0e-03
9.0e-04
8.0e-04
7.0e-04
6.02-04
5.0e-04
4.0e-04
3.0e-04
20e-04
1.0e-04
0.0e+00

Figure 9. The field of the CO mass fraction at the characteristic
cross-section in the vicinity of building 7 obtained using Ansys
Fluent software

4.3 Geo-visualisation Services

The geo-visualisation service delivers the CityGML building
models, terrain, and CFD simulation results to a web-based 3D
application using OGC APIs. The web 3D application is built
using the open-source CesiumJS® library.

4.3.1 3D City Models The original CityGML building
model and terrain dataset are converted to 3D Tiles (3D Ob-
jects) and quantised mesh using FME Software'" (commer-
cial) or using Cesium Ion platfoml11 (freeware) and Cesium
Terrain Builder'? (open source) respectively. By default, the
Cesium WebGL-based rendering engine is optimised for dis-
playing geographic data using the EPSG:4978 (WGS84) co-
ordinate system. Therefore, to ensure accurate geo-referencing
on the Cesium web globe, both buildings and terrain mod-
els are transformed from their native projected coordinate sys-
tem EPSG:31467 (DHDN/3-degree Gauss-Kruger zone 3) to
EPSG:4978 as part of the 3D Tiles and quantised mesh pro-
duction pipelines. Post-production, following the technical de-
velopments by (Santhanavanich et al., 2022), building 3D Tiles
and terrain quantised mesh of the case study area were hosted
on the GeoVolumes data server and delivered to the web client
using our publicly available instance of OGC 3D GeoVolumes
API"®. The OGC 3D GeoVolumes API defines a standard way
to serve and access 3D data, such as 3D city models on the web.

4.3.2 CFD Simulation Results As mentioned at the end of
section 4.2, the outcomes of the CFD simulation are provided
in CSV files. These files encompass simulated scalar variables,
including air pressure and the mass fraction of vehicular air
pollutants (CO, NOx, SO2, HC, and BAP), alongside vector
variables such as wind velocity. Additionally, the CSV files
specify the emission locations and wind direction using local
Cartesian x, y, and z coordinates. Using FME, the location co-
ordinates from the CSV files are initially converted into a point
feature. The simulated scalar and vector variables are stored
as attributes associated with these point features. To accur-
ately overlay this data on CityGML building and terrain mod-
els, a 3D affine transformation matrix is used twice in an FME
workbench. First, using the translation component of the af-
fine transformation matrix, the point feature is brought to the
origin (0,0,0) so that the origin becomes their new reference

9 https://github.com/CesiumGS/cesium

10 https://fme.safe.com/

11 https://cesium.com/platform/cesium-ion/

12 https://github.com/tum-gis/cesium-terrain-builder-docker
13 https://ogcapi.hft-stuttgart.de/ogc_api_geovolumes
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point. Further, another translation operation is used using an
affine transformation matrix to position the point feature relat-
ive to the origin of CityGML building coordinates as shown in
Fig.3. This step is necessary for aligning the points with the
CityGML dataset. Post translation, the point features are also
assigned EPSG:31467, which is the native coordinate system of
the CityGML building and terrain dataset. This completes the
geo-referencing of CFD simulation results as part of the geo-
visualisation pipeline. CFD simulations are typically conducted
over a larger air volume than the actual object of interest to pre-
vent artefacts caused by boundary effects. As part of this pro-
cess, data points that exceeded twice the height of the buildings
were filtered out or removed. This filtering resulted in a signi-
ficantly reduced number of points, leading to smaller file sizes
and clearer visualisations during the later development stages.
Post filtering, these point features, along with their attributes,
are converted to 3D Tiles (3D Point Cloud Tiles) and thereby
to EPSG:4978 to ensure correct geo-referencing of simulation
results on the Cesium web globe and its accurate overlay with
building 3D tiles and terrain quantised mesh. The produced
3D Tiles of CFD simulation results are also hosted on the Geo-
Volumes data server and delivered to the web client using our
publicly available instance of OGC 3D GeoVolumes API (refer
section 4.3.1). The CFD simulation results were also converted
to other formats, such as GeoJSON, CZML or back to CSV and
served using OGC Features API for its use in other analytical
or visualisation platforms. Utilising OGC API - Features and
OGC API 3D GeoVolumes provides a modern way to access
geospatial data over the web. They use simple, resource-based
structures, making them easy to find, retrieve, query and integ-
rate geospatial features like points, lines, and polygons within
web applications.

5. First Results

An example of CFD simulation result exported to a CSV file
from Ansys Fluent is shown below in Fig.10

Log | Table View X
mass_fraction_CO_walls [CSV2] - CSV

nodenumber x-coordinate y-coordinate z-coordinate

247

1
2
3
4
5
6
7
8

2477427413
2477461714
1619.7.
1621.7450
1619.9218
1619.560278
1620.083475
1619.477
220

Figure 10. CO mass fraction results from CFD simulation of
case study area visualised using FME

Similar to the example shown in Fig.10, results on scalar vari-
ables such as air pressure and mass fractions of NOx, SO2, HC,
and BAP obtained from the CFD simulation of the case study
area follow the same CSV schema when exported from Ansys
Fluent. For wind velocity, which is a vector variable, in ad-
dition to its x,y, and z location coordinates, velocity values in
each x,y and z direction are available at the y-z cross-section
in the CSV file. A graphical representation of wind velocity
at the y-z cross-section plane is shown in Fig.8. Following the

explanation in section 4.3.2, simulation values from CSV files
are converted to point features, georeferenced (EPSG:31467)
and filtered to accurately overlay on the CityGML building and
terrain model. For a better understanding, Fig.11 presents be-
low a simulation result stored in CSV format, which has been
geo-referenced, filtered, and correctly overlaid onto a map dis-
playing the footprint of building 7 on the HFT Stuttgart campus.

Figure 11. Geo-referenced CO mass fraction results overlaid on
the footprint of building 7

Post geo-referencing and filtering of the simulation results, they
are converted to different formats such as 3D Tiles, GeoJSON,
CZML and CSV format. 3D Tiles dataset is hosted on the 3D
GeoVolumes data server and delivered to the web client along
with the 3D Tiles of buildings and quantised mesh of terrain
using the OGC 3D GeoVolumes API (Fig.12). The remaining
data formats are delivered to the users using the OGC Features
API for its use in other analytical or visualisation platforms.

Select Air Pollutant

Figure 12. CO mass fraction around building 7 visualised on
Cesium web-globe in varying concentration: low (blue),
medium (green) and high (red)

6. Conclusion and Outlook

In this research, we investigated the synergy between 3D city
models and CFD simulation to analyse the dispersion of air pol-
lutants within a street canyon near Building 7 of the HFT Stut-
tgart campus, influenced by sources such as road traffic emis-
sions. A detailed explanation of the concept and the initial im-
plementation of a web-based 3D geo-visualisation framework
are documented in the paper. The outcomes derived from CFD
simulations provide quantitative insights into wind pressure, ve-
locity, and the dispersion of air pollutants. By rendering the
simulation results back on the 3D city models, decision-makers
can better understand how factors like building height, street
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layout, vegetation and traffic flow (in future) can impact the
local air quality. This immersive visualisation capability not
only aids in identifying air pollution hotspots but also supports
the evaluation of urban design strategies to mitigate air pollu-
tion effectively.

The initial implementation of the geo-visualisation pipeline in-
tegrates the 3D building models, terrain, and simulation results
of scalar variables such as air pressure and mass fraction of dif-
ferent air pollutants using OGC 3D GeoVolume APIs within
a web-based 3D application built using CesiumJS. Simulation
outcomes of vector variables such as wind velocity were also
processed and geo-referenced during the initial implementation
cycle. However, they were not processed for geo-visualisation
in the current implementation. Therefore, for the next develop-
ment cycle, OGC APIs such as Moving Features API and data
formats such as CZML will be used to evaluate for data deliv-
ery and visualisation of vector variables such as wind velocity
using 3D streamlines on Cesium web globe. CZML data format
supports the storage of dynamic and time-varying data, which is
essential for the creation of animated streamlines that visually
represent the dispersion of air pollutants over time. This will
allow us to animate streamlines in Cesium and show how pol-
lutants move and disperse within the street canyon under vary-
ing atmospheric conditions. In terms of system performance,
OGC APIs will be evaluated for their response time, data pro-
cessing speed, network usage and overall efficiency in handling
requests during the next development cycle.
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