
PROVIDE, GA No. 101003687 1

A public database of future heat stress in 140 
cities to examine the potential for heat 
reduction via climate-smart urban 
development

Quentin Lejeune, Dirk Lauwaet and the PROVIDE team

Belgian Science for Climate Action conference

17.03.26 | PROVIDE | Brussels



PROVIDE, GA No. 101003687

Planning resilience to urban heat stress requires access 
to high-resolution information 

• Heat stress and its impacts strongly vary within the 

urban fabric.

• Low availability of high-resolution climate modelling 

results for cities in the public domain.

• There is limited understanding of the potential of 

climate-smart urban development for reducing heat 

stress.
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Wet-bulb globe temperature in 
Brussels – 24/08/2016 at 3pm
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Future heat stress simulations for 140 cities 

Downscaling of global climate model output to 100-m resolution with 

UrbClim



PROVIDE, GA No. 101003687

Modelling future urban heat stress at 100-meter 
resolution  with UrbClim
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• Satellite information is used to 
obtain terrain properties: Land use, 
DEM, soil sealing, vegetation 
fraction… 

• Dynamical downscaling of 
meteorological information from 
ERA5 (present day) or global 
climate models (future)

• Future heat stress is simulated at 
100-m resolution for 3 global 
emissions scenarios: 2020 climate 
policies, a 1.5°C-compatible, and an 
intermediate scenario
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The PROVIDE climate risk dashboard

A public database for global-to-local climate impacts depending on 

mitigation outcomes
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Impact projections across scales and sectors

• Includes projections for urban heat stress in 140 cities for 3 global emission scenarios

• Available since 2024 at https://climate-risk-dashboard.iiasa.ac.at/

• All graphs and data downloadable, daily data available from https://provide.marvin.vito.be/ftp/

https://climate-risk-dashboard.iiasa.ac.at/
https://climate-risk-dashboard.iiasa.ac.at/
https://climate-risk-dashboard.iiasa.ac.at/
https://climate-risk-dashboard.iiasa.ac.at/
https://climate-risk-dashboard.iiasa.ac.at/
https://provide.marvin.vito.be/ftp/
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Indicator list

Changes in intensity and frequency of heat 

stress conditions

• Days a year with moderate, high, very high or extreme 

heat stress

• Hours a year with moderate, high, very high or extreme 

heat stress

• Nights a year with high heat stress

• Heatwave days per year

• Days a year with maximum temperatures above 25, 30 

or 35°C

• Nights a year with maximum temperatures above 20, 25 

or 28°C

• Mean daily maximum temperature

• Mean daily maximum wet bulb globe temperature

• Mean daily minimum temperature

• Mean daily temperature
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Start from setting an impact level

• Set a level of impact that you consider undesirable, explore which climate action pathway 

might help your city avoid it
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Potential for climate-smart urban planning
to reduce heat stress

Meter-scale modelling with UrbClim for operational planning 
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Planning adaptation: 
assessment of present-day and future heat stress 

Refinement with a 

simulation at 1-meter 

resolution for a very

hot day

First-order hazard

assessment at 100-meter 

resolution using the 

climate risk dashboard
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Rehabilitation of a former good rails depot 
in Berlin

Proposal 1 Proposal 2 Proposal 3

Comparison of 3 co-developed proposals to build an ensemble of buildings of 40-45,000 m2 

(housing, school, sports and other public facilities) in Berlin

Daytime heat stress during a hot summer day

→ Report and data publicly available on Climate Analytics' website

https://climateanalytics.org/publications/hitzestress-und-anpassungsma%C3%9Fnahmen-in-der-metropolregion-berlin-brandenburg
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Planning adaptation:
climate-smart urban planning for heat stress reduction

• Co-development of urban development plans including nature-based solutions that address the 

adaptation, mitigation and socio-economic challenges specific to the urban area of interest

• Quantification of the impact of those plans on heat stress reduction, with the possibility to isolate or 

combine individual measures (tree planting, soil unsealing…)
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Urban co-planning Impact on local climate
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Summary

• We simulated future heat stress conditions at 100-m resolution for 140 

cities using UrbClim

• Results can be visualised in the PROVIDE climate risk dashboard. All data 

and graphs can be downloaded, full dataset available on request for more 

detailed impact studies.

• The effect of urban greening plans co-developed with stakeholders on heat 

stress is modelled at 1-meter resolution in 4 case studies cities (Lisbon, 

Nassau, Islamabad, Berlin). Results are publicly available on the PROVIDE 

Climate Risk Dashboard.

17.03.26 | PROVIDE | Brussels 13



PROVIDE, GA No. 101003687

Full author list

Quentin Lejeune1,2, Dirk Lauwaet3, Niels Souverijns3, Sarantis Georgiou4, Niklas Schwind1,5, Sajid Ali1, Raluca Davidel4, 
Miechel De Paep4, Séverine Hermnd4, Tiago Capela Lourenço5, Khadija Irfan7, Inês Gomes Marques6, Helena Gonzales 
Lindberg8, Inga Menke1,5,9, Shruti Nath1,10, Peter Pfleiderer1,11, Hugo Pires Costa5, Fahad Saeed1,7, Mariam Saleh Khan1,7, 
Sylvia Schmidt1, Emily Theokritoff1,9,12, Burcu Yesil1, Carl-Friedrich Schleussner1,5,9

1 Climate Analytics, Berlin, Germany

2 Vrije Universiteit Brussels, Brussels, Belgium

3 Flemish Institute for Technological Research (VITO), Mol, Belgium

4 Sweco Bv, Brussels, Belgium

5 International Institute for Applied Systems Analysis (IIASA), Laxenburg, Austria

6 Centre for Ecology, Evolution and Environmental Changes (cE3c), Faculdade de Ciências, Universidade de Lisboa, 1749-
016 Lisbon, Portugal

7 Weather and Climate Services, Islamabad, Pakistan 

8 Nordland Research Institute, Bodø, Norway

9 Geography Department & IRI THESys, Humboldt University of Berlin, Berlin, Germany

10 Department of Physics, University of Oxford, Oxford, United Kingdom

11 Institute for Meteorology, Leipzig University, Leipzig, Germany

12 Grantham Institute - Climate Change and Environment, Imperial College London, London, UK

17.03.26 | PROVIDE | Brussels 14



PROVIDE, GA No. 101003687

References

• De Ridder, K. et al. (2015). UrbClim – A fast urban boundary layer climate model. Urban 
Climate

• Beusch, L. et al. (2019). Emulating Earth system model temperatures with MESMER: from 
global mean temperature trajectories to grid-point-level realizations on land. Earth 
System Dynamics

• Nath, S. et al. (2022). MESMER-M: an Earth System Model emulator for spatially resolved 
monthly temperature. Earth System Dynamics

• Esperon-Rodriguez et al. (2024). Mapping the climate risk to urban forests at city scale. 
Landscape and Urban Planning

• Souverijns, N. et al. (2026). 100m climate and heat stress data up to 2100 for 142 cities 
around the globe. Data in brief, https://doi.org/10.1016/j.dib.2026.112497

• Souverijns, N. et al. (2026). Combating heat stress through urban planning: Integrated 
case studies for Lisbon and Islamabad, Landscape and Urban Planning, 271, 105621, 
https://doi.org/10.1016/j.landurbplan.2026.105621 

17.03.26 | PROVIDE | Brussels 15

https://doi.org/10.1016/j.dib.2026.112497
https://doi.org/10.1016/j.landurbplan.2026.105621


PROVIDE, GA No. 101003687

Coordinator 

Humboldt-Universität zu Berlin

Unter den Linden 6

10099 Berlin

Germany

Contact person

Dr. Carl-Friedrich Schleussner

This project has received funding from the European 

Union’s Horizon Europe research and innovation 

programme under grant agreement No 101003687.

Contact

17.03.26 | PROVIDE | Brussels 16

Quentin Lejeune

quentin.lejeune@vub.be

Niels Souverijns

niels.souverijns@vito.be
carl-friedrich.schleussner@hu-berlin.de


	Slide 1: A public database of future heat stress in 140 cities to examine the potential for heat reduction via climate-smart urban development
	Slide 2: Planning resilience to urban heat stress requires access to high-resolution information 
	Slide 3: Future heat stress simulations for 140 cities 
	Slide 4: Modelling future urban heat stress at 100-meter resolution  with UrbClim
	Slide 5: The PROVIDE climate risk dashboard
	Slide 6: Impact projections across scales and sectors
	Slide 7: Indicator list
	Slide 8: Start from setting an impact level
	Slide 9: Potential for climate-smart urban planning to reduce heat stress
	Slide 10: Planning adaptation:  assessment of present-day and future heat stress 
	Slide 11: Rehabilitation of a former good rails depot  in Berlin
	Slide 12: Planning adaptation: climate-smart urban planning for heat stress reduction
	Slide 13: Summary
	Slide 14: Full author list
	Slide 15: References
	Slide 16: Contact

