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https://climatechoices.ca/wp-content/uploads/2021/05/Urban-Trees-study_May11b.pdf
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The choice of location for the implementation of adaptation or mitigation measures
should be based on objective and fair criteria
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Heat risk index (HRI), Elmarkaby & Elkadi 2024

The HRI is intended to enable precise 
identification of locations that require 
adaptation strategies for heat waves.



Elmarakby & Elkadi, 2024

Elmarakby & Elkadi, 2024



Elmarakby und Elkadi, 
2024

Temperature

Heat Risk Index (HRI)

Population
density 

Tree 
cover

• Population: how many people are 
potentially affected by heat

• Tree cover: influences 
microclimate through shade and 
evaporative cooling

• Temperature: shows the actual 
surface temperature and is 
therefore a direct expression of 
heat stress



Study area

City of Stuttgart.



Vulnerability map of the 
city of Stuttgart to the 

effects of climate change

Basis for comparison with 
heat risk index

Klima MORO 
https://www.ireus.uni-stuttgart.de/forschung/publikationen/Vulnerabilitaetsbericht_Region_Stuttgart_Endfassung_Juni_2011_3.pdf
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Population density

• data: Zensus 2022

• Raster 100x100 m

• Number of inhabitants per raster

© Statistische Ämter des Bundes und der Länder, 2025
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https://theconversation.com/dou-vient-le-pouvoir-rafraichissant-des-
arbres-en-ville-199906

Tree Cover



Tree Cover

https://earthobservatory.nasa.gov/features/M
easuringVegetation/measuring_vegetation_2.p
hp

NDVI – Normalized Difference Vegetation Index

• Surfaces reflect light at different 
wavelengths, and plants reflect particularly 
strongly in the near-infrared range while 
absorbing red light; the NDVI uses this 
difference to detect and quantify vegetation.

• Vegetation: NDVI > 0.1



Tree Cover Map

• •NDVI captures all types of vegetation 
(lawns, green roofs, trees, etc.) threshold: 
NDVI 0,1

• •DSM and DTM are used to exclude 
vegetation lower than 3 m: DSM – DTM > 3.

• •ALKIS (cadastral data) is used to exclude 
buildings (green roofs).



Tree cover

© Image LGL (2025)

Trees > 10 %

Trees 
NDVI / DTM / DSM



Tree Cover

© LGL (2025); © OpenStreetMap contributors, 
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Temperature

• Land Surface Temperature (LST) from 
Landsat 8

•  June-August 2015-2014

• Google Earth Engine

• Landsat 8 Collection, clouds < 20%

• TOA radiance (top of the atmosphere)

• NDVI (Normalised Difference Vegetation Index)

• NDBI (Normalised Difference Build-up Index)

• Vegetation coverage

• Emissivity (depending on NDVI/NDBI)

• LST

Rajeshwari & Mani 2014

Mean 
temperatures 
June – August 
2015- 2014



Results

• Residential area (1)
• City center (2)
• Living area next to 

industrial site (3)

© LGL (2025); © OpenStreetMap contributors, © CartoDB
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• Population density

Number of 
inhabitants 
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• Tree Cover

Trees



Results

• Iverse of tree cover

Inverse of tree cover 



Results

• Temperature
s

Mean temperatures 
June – August 2015- 2014
Mean temperatures 
June – August 2015- 2014



Results

• Temperature
s

Mean temperatures per grid
June – August 2015- 2014



Creation of HRI

https://pro.arcgis.com/en/pro-app/3.4/tool-reference/spatial-statistics/calculate-composite-index.htm

• Normalisation of variables:
• Values of different magnitudes are 

converted to a uniform scale so 
that they can be compared. 

• Calculate composite index in 
ArcGIS

• Population weighting: 2 (to 
increase focus on densely 
populated areas)



Creation of HRI

• Index: 3 – 10

• 3: No risk

• 10: Very high risk

• Grid cells with high index 
values indicate a particularly 
high need for action with regard 
to heat reduction measures.

HRI Stuttgart



Results
• 3 action priorities defined:
• High priority for action
• Medium priority for action
• Low priority for action

Action 
prioritiesHigh

Medium
Low

© LGL (2025); © OpenStreetMap contributors, © CartoDB



Klima MORO 
https://www.ireus.uni-
stuttgart.de/forschung/publikationen/Vulnerabilitaetsbericht_Region_Stuttgart_Endfassung_Juni_2011_3.pdf © LGL (2025); © OpenStreetMap contributors, © CartoDB



Adaptation measures:

• Heat-resistant renovation of residential buildings

• Regular visits to elderly or vulnerable people

• Awareness campaigns on the health risks of extreme heat

Miigation measures:

• Unsealing sealed surfaces

• Brightening dark surfaces with light-colored paint (increasing albedo)

• Increasing the number of trees and green spaces



Limitations and potential for improvement
• Temperature data: evening or night-time measurements
• Tree species: not all trees cool in the same way

Fahy et al. 2025



Thank you
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