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Why thermal stress matters?
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A heat wave is defined as a prolonged period of 
abnormally hot weather. Heat waves effect on people 
is exacerbated by the Urban Heat Island (UHI) being 
the most widely studied urban climate effect, which 
describes the differences in surface, sub-surface 
and air temperatures in cities when compared to the 
surrounding ‘natural’ environment. The presence of 
a city disrupts local and regional weather conditions, 
creating a distinctive urban climate at a hierarchy of 
scales by altering the surface-air exchanges of heat, 
moisture, mass and momentum (Oke, 1982)1.

UHI is becoming a very important element and 
criteria in planning decisions particularly in the face 

of a climate change and global warming context 
where urban planning could and must play a key role 
in designing healthy, comfortable, inclusive and well-
adapted public spaces.

Thermal stress due to extremes of tempratures 
can negatively impact human health. For example, 
extreme heat, is responsible for a variety of risks, 
including dehydration, cramps, and even death, 
especially during heatwaves. Mortality and health 
problems, such as frostbite and hypothermia, can 
also result from exposure to extreme cold.

Figure 1 Thermographic map demonstrating heat stress values seen during the June 2019 heatwave in Europe. 
Source: Dataset released by ECMWF https://www.ecmwf.int/.



Urban Heat Island concept

2  Voogt, J.A. and Oke, T.R. (2003) Thermal Remote Sensing of Urban Climates. Remote Sensing of Environment, 86, 370-384. 

The Urban Heat Island (UHI) is a difference in 
temperature between the urban-suburban and rural 
areas in the same region.

Figure 2 Graph demonstrating UHI- linking temperatures with theoretical urban morphology and land uses 
classification.

The relevance of analysing UHI effects is in its 
capacity to describe the influence of urbanisation 

on the surface, sub-surface and air temperatures in 
cities (Voogt and Oke, 2003)2. 

UHI for decision making

Having a good understanding of the distribution 
of radiative flows in the city allows well informed 
decision making decision-making with regards to 
urban planning. 

Therefore, more important than simply knowing 
the difference in the temperature between the 

urban, suburban and rural areas it is also important 
to understand  the thermal response of different 
zones within the city and of the climate and non-
climate variables that impact thermal regulation, 
for informed planning decisions (i.e. building 
orientation, street ventilation, increase urban green 
spaces and permeability, tree planting, etc.).

Main approaches when evaluating UHI

There are two main approaches when undertaking 
the evaluation of the UHI:

• Climate variable maps.
• Urban climate zones maps.

https://doi.org/10.1016/S0034-4257(03)00079-8
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Figure 3. Shows different approaches for the analysis of heat stress and UHI (Source: own elaboration Tecnalia, 
2020).

While the climate variable maps represent climate 
variables, the urban climate zone maps represent 

climate zones with homogeneous thermal behaviour 
or performance.  

Climate variable maps

The most common variables used when assessing 
the UHI effect are the air temperature and surface 
temperature. Air temperature is measured by two 
horizontal dimensions of temperature distribution; 

at 2 meters above surface known as ‘thermal map’, 
and when the air temperature is combined with wind 
intensity and direction it is known as a ‘climate map’ 
(Figure 4).
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Figure 4 Conceptual framework to deliver a Climate Variable Map (Source: Own Elaboration Tecnalia, 2020).



An Example of a physical model

Figure 5 Example of UrbClim physical model. Source: https://urban-climate.be/c/urbclimDescription/ 

Urban Climate Zone Map

3  http://www.wudapt.org/create-lcz-classification/ 

• The Urban Climate Zone Map (UCZMap) is a 
piece of climatic information and evaluation 
tool that helps planners to understand climatic-
environmental conditions and variations and 
create a better design. 

• The UCMap resolves scientific climatic 
knowledge into guidelines and planning 
recommendations and can be used to guide 
planning actions and decision making.

• The UCMap does not map temperature but 
defines homogeneous areas in terms of their 
thermal response.

To deliver an Urban Climate System Map there are 
two main approaches: 

• Bottom-up approach based on local data.
• Top-down approach- delivering Local Climate 

Zones (LCZ) and the WUDAPT classification3.

The bottom-up approach to Urban Climate Zone Maps

The Bottom-up approach (see Figure 6) is based on 
information acquired for individual cities. Available 
local spatial data uses a number of city information 
layers (i.e. administrative or topographic data, land 

uses, urban morphology, building height, ventilation 
corridors, green spaces, etc) to collect and combine 
Geographical Information Systems (GIS). GIS can 
be used to define homogeneous zones with similar 

https://urban-climate.be/c/urbclimDescription/
http://www.wudapt.org/create-lcz-classification/
http://www.wudapt.org/create-lcz-classification/


characteristics and estimate their impact on thermal 
comfort. Raster-based methods superimpose a 
standard grid over the urban landscape and acquire 
information on selected variables (e.g. building 
height, sky view factor) at the scale of the individual 

4  Verdonck, M., Demuzere, M., Hooyberghs, H., Beck, C., Cyrys, J., Schneider, A., … Coillie, F. Van. (2018). The potential of local climate zones maps as a heat 
stress assessment tool , supported by simulated air temperature data. Landscape and Urban Planning, 178(July 2017), 183–197. 

cell. Each variable is stored in a layer and the 
grid layers are combined using rules to generate 
homogeneous types of areas that are also known as 
Climatopos.

Figure 6 Visualises the definition of Urban Climate Zone used in GIS. Source Tecnalia, 2020 adapted from Ren 
et al., 2010 and Acero, J. a., Arrizabalaga, J., Kupski, S., & Katzschner, L. (2013). Deriving an Urban Climate Map 
in coastal areas with complex terrain in the Basque Country (Spain). Urban Climate, 4, 35–60.

The top-down approach to Urban Climate Zone Maps

The Top-down approach is based on satellite data 
with passive and active sensors. An example of this 
is the World Urban Database and Access Portal Tools 
(WUDAPT). Semi-automatic classification of satellite 
image irradiances uses information provided by 
LANDSAT, resolution 100m (example Local Climate 
Zones (LCZ)).

The WUDAPT project utilises freely available data, to 
map cities into LCZ types. The protocol for generating 
LCZ maps employs supervised classification to 
automatically classify Landsat scenes using training 
data created by an urban expert. The logical structure 

of the LCZ classification scheme is supported by 
observational and numerical modelling data to 
determine specific thermal characteristics for each 
zone (Verdonck,M. et al., 2017)4.

Passive sensors respond to natural radiation that 
is emitted and reflected.  Active sensors record 
radiation emitted by the sensor which is reflected 
back from the target surface (e.g. synthetic aperture 
radar). The former can provide details on the Earth’s 
surface when not obscured and are distinguished by 
their spectral and spatial resolution. One of the best-
known projects is Landsat, which was launched in 

http://doi.org/10.1016/j.landurbplan.2018.06.004
http://doi.org/10.1016/j.landurbplan.2018.06.004
https://doi.org/10.1016/j.uclim.2013.02.002
https://doi.org/10.1016/j.uclim.2013.02.002
https://doi.org/10.1016/j.uclim.2013.02.002


1972. In its current mode (Landsat 8), it supports two 
instruments, the operational land imager and thermal 
infrared sensor, which collect information over 11 
bands at spatial resolutions ranging from 15 to 100 
m. The WUDAPT project utilises these freely available 
data, which represent the lowest level (L0) of data 
in its information hierarchy, to map cities into LCZ 
types (Ching et al., 2017). The protocol for generating 
LCZ maps employs supervised classification to 
automatically classify Landsat scenes using training 

data created by an urban expert (Bechtel and Daneke, 
2012).

Local Climate Zones (LCZ) have become the standard 
classification of Land Cover/Land Use classes, 
according to their climatic response. 

WUDAPT method, is a very pragmatic supervised 
land cover classification that relies solely on readily 
available satellite data. 

Figure 7 WUDAPT Classification. Source: Daniel Fenner et al 2017 ntra and inter ‘local climate zone’ variability 
of air temperature as observed by crowdsourced citizen weather stations in Berlin, Germany. https://www.
researchgate.net/figure/The-local-climate-zone-LCZ-concept-with-urban-LCZ-1-10-and-natural-A-G-LCZ-and_
fig1_320013467 
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 Concluding remarks

For the elaboration of both types of maps, there are a 
number of techniques, tools, data, etc

Both maps are a relevant asset for decision making 
with regards to the minimisation of thermal stress 
and impact of high temperatures on human health, 
urban ecosystems, and infrastructures functionality 
and services. 

The selection of one type - CV Maps or LCZ maps- 
would depend on different aspects: the aim of the 
analysis, the resources and allocated municipal 

budget, data and information available, the purpose 
of the decision-making process, etc. 

Full report available on GrowGreen website: UHI 
method

The report navigates and analyses the different 
concepts, approaches and methods as well as 
examples of practice cases that can inspire and be 
a reference for those who face the challenge of 
assessing UHI.

http://growgreenproject.eu/wp-content/uploads/2021/05/GrowGreen_WP3_UHI_method_Tec_140720.pdf
http://growgreenproject.eu/wp-content/uploads/2021/05/GrowGreen_WP3_UHI_method_Tec_140720.pdf
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