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Abstract:

Extreme urban heat has become an urgent global challenge, with the United Nations estimating that 1.6 billion urban
residents will be exposed to extreme heat by 2050 (UNEP, 2021). This phenomenon, driven by the Urban Heat Island
(UHI) effect, results in significant thermal stress on the human body. At the same time, the growing availability of 3D
geospatial data and the development of digital twins offer new opportunities to model and visualize urban
microclimates. 3D digital environments provide a more intuitive way for spatially representing and understanding
complex geometries and offer an immersive perspective for exploring multidimensional datasets. However, 3D
visualization tends to demand higher cognitive load than 2D, as the 3D dimension often introduces issues such as visual
clutter, occlusion, and dense, overlapping data displays (Beran et al., 2022; Miranda et al., 2024). Consequently, the
ability to balance thermal stress data between visual complexity and communicative clarity within 3D environments is
important.

As part of the ClimaSens project, this study aims to design and evaluate a 3D cartographic prototype for the general
public that facilitates interpretation of the driving factors behind thermal stress at the city-block level. The prototype
will visualize one of the thermal stress indicators, Universal Thermal Climate Index (UTCI), in four simulated scenarios
- extreme heat and cold days, each modelled both with and without trees. The prototype will investigate multiple visual
encodings including 3D point clouds, vertical planes, and 3D isopleths (see Figure 1). To effectively support the
exploration of spatiotemporal 3D urban data, interaction techniques such as time sliders and linked views are
implemented, as shown in Figure 2. (Mota et al., 2022)

Managing inherent 3D challenges is essential for maintaining communicative clarity. Occlusion issues can be handled
through adaptive cutaways for neighboring buildings and gradual fade-outs for trees that would otherwise block the
view. (Rauer-Zechmeister et al., 2024) Finally, the cognitive load of geographic information can be reduced by filtering
unnecessary detail and segmenting data into smaller thematic units. (Bunch & Lloyd, 2006)
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Figure 1. Representation of air temperature spatial Figure 2. Spatiotemporal visualization strategies with
patterns  using  horizontal = planes, road-based  Linked View (left) and Time Slider (right) (Mota et al.,
vertical planes, and 3D point clouds (Gautier et al., 2020).  2022).
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The prototype is implemented using Unity 6000.4.1f1, as depicted in Figure 3. It will be evaluated through a task-based
usability study comparing decision-making in interactive 3D visualization environments. The expected result will be a
3D cartographic paradigm for urban climate communication, providing insights into how 3D visualization can bridge
the gap between complex urban climate data and public understanding. The novelty of this research lies in the empirical
evaluation of specific 3D cartographic methods within the context of urban thermal stress.
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Figure 3. Mock-up of the main screen of the prototype.

Acknowledgements

This work was enabled by the Competence Centre VRVis. The VRVis GmbH is funded by BMIMI, BMWET, Tyrol,
Vorarlberg, and Vienna Business Agency in the scope of COMET - Competence Centers for Excellent Technologies
(904918, 911654), which is managed by FFG.

References

Beran, D., Jedlicka, K., Kumar, K., Popelka, S., & Stoter, J., 2022. The third dimension in noise visualization—a design
of new methods for continuous phenomenon visualization. The Cartographic Journal, 59(1), 1-17.

Bunch, R. L., & Lloyd, R. E. (2006). The cognitive load of geographic information. The professional geographer,
58(2), 209-220.

Gautier, J., Brédif, M., & Christophe, S. (2020, October). Co-visualization of air temperature and urban data for visual
exploration. In 2020 IEEE Visualization Conference (VIS) (pp. 71-75). IEEE.

Miranda, F., Ortner, T., Moreira, G., Hosseini, M., Vuckovic, M., Biljecki, F., ... & Ferreira, N., 2024. The state of the
art in visual analytics for 3D urban data. In Computer Graphics Forum (Vol. 43, No. 3, p. e15112).

Mota, R., Ferreira, N., Silva, J. D., Horga, M., Lage, M., Ceferino, L., ... & Miranda, F., 2022. A comparison of
spatiotemporal visualizations for 3D urban analytics. IEEE transactions on visualization and computer graphics, 29(1),
1277-1287.

Programme, U. N. E. (2021). Beating the heat: A sustainable cooling handbook for cities (978-92-807-3894-0).
https://wedocs.unep.org/handle/20.500.11822/37313

Rauer-Zechmeister, S., Cornel, D., Sadransky, B., Horvath, Z., Konev, A., Buttinger-Kreuzhuber, A., ... & Waser, J.
(2024, June). HORA 3D: Personalized flood risk visualization as an interactive web service. In Computer Graphics
Forum (Vol. 43, No. 3, p. e15110).

Abstracts of the International Cartographic Association, 12, 73, 2026
European Cartographic Conference — EuroCarto 2026, 8—11 September 2026, Brno, Czech Republic.
https://doi.org/10.5194/ica-abs-12-73-2026 © Author(s) 2026. CC BY 4.0 License.


https://wedocs.unep.org/handle/20.500.11822/37313



