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Liveability of cities is under threat worldwide

UK is no longer a cold 
country and must adapt to 
heat, say climate scientists

Perth swelters through 
record six consecutive days 
over 40°C temperatures

Delhi suffers at 49°C as 
heatwave sweeps India Japan swelters in its worst 

heatwave ever recorded
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IPCC, 2021: Climate Change 2021: 
The Physical Science Basis

Heat waves increase in intensity and frequency

18

SPM

Summary for Policymakers

Figure SPM.6 | Projected changes in the intensity and frequency of hot temperature extremes over land, extreme precipitation over land, 
and agricultural and ecological droughts in drying regions

Projected changes are shown at global warming levels of 1°C, 1.5°C, 2°C, and 4°C and are relative to 1850–1900,9 representing a climate without human 
influence. The figure depicts frequencies and increases in intensity of 10- or 50-year extreme events from the base period (1850–1900) under different global 
warming levels.

Hot temperature extremes are defined as the daily maximum temperatures over land that were exceeded on average once in a decade (10-year event) or once 
in 50 years (50-year event) during the 1850–1900 reference period. Extreme precipitation events are defined as the daily precipitation amount over land that 
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Projected changes in extremes are larger in frequency and intensity with 
every additional increment of global warming

Frequency and increase in intensity of heavy 1-day 
precipitation event that occurred once in 10 years on 

average in a climate without human influence

Heavy precipitation over land

Frequency and increase in intensity of an agricultural and ecological 
drought event that occurred once in 10 years on average across 

drying regions in a climate without human influence

Agricultural & ecological droughts in drying regions
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Frequency and increase in intensity of extreme temperature 
event that occurred once in 50 years on average 

in a climate without human influence
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How does heat affect us? 

M

Direct solar 
radiation

Reflected solar 
radiation

Diffuse solar 
radiation

Wind

Clothing

Air temperature

Humidity

Activity

Infra-red radiation

Slight Cold Stress
No Thermal Stress
Slight Heat Stress
Moderate Heat Stress
Strong Heat Stress
Extreme Heat Stress (LV 1)
Extreme Heat Stress (LV 2)
Extreme Heat Stress (LV 3)
Extreme Heat Stress (LV 4)

<18 
18-23
23-29
29-35
35-41
41-46
46-51
51-56
>56

PET (°C) Physiological Stress Grade

The PET-index is based on the energy balance 
of the human body by using a similar indoor air 
temperature experience as reference (Höppe, 1999). 

If, a person experiences a PET of 50°C outdoors, 
based on a combination of different meteorological 
parameters, the equivalent indoors would be an air 
temperature of 50°C, without the wind and solar 
radiation, but at the same humidity.

Adapted from Havenith (1999)

PET-index after Nouri et al. (2018), 
adapted from Matzarakis et al. (1999)
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Impact of heat on the local economy

PBL | 26 
 

topstraten de meest ingrijpende maatregelen zijn getroffen, zoals eenrichtingsverkeer en ge-
deeltelijke afsluitingen. 
 

 

 
 
Een andere reden is dat bezoekers deze straten bewust mijden (Slob 2020). Binnen de win-
kels gelden strakke looproutes en een maximum aantal klanten (Oorschot 2020), wat niet 
bevorderlijk is voor het funshoppen. Deze problemen zijn in veel mindere mate aanwezig bij 
de perifere detailhandel, waar meestal voldoende ruimte is om afstand te kunnen houden. 
 
Vooralsnog wordt de binnenstad van Amsterdam zwaarder getroffen door corona dan de rest 
van het land. Eerder onderzoek van Locatus wees uit dat rond 40-45 procent van de bezoe-
kers in de drukste winkelstraten in Amsterdam uit het buitenland komt. Dat aantal is in 2020 
flink afgenomen als gevolg van de vliegbeperkingen. SEO Economisch Onderzoek schat de 
schade voor de hoofdstad op ongeveer 1,6 miljard euro (Couzy 2020). De afname van de 
consumentenstromen in het centrum van Amsterdam is echter niet uitzonderlijk ten opzichte 
van de situatie in andere grote Europese steden, waar eveneens het effect zichtbaar is van 
langere en zwaardere maatregelen. 
 

Visitors in main shopping streets on Saturday, 2020

• Percentage of visitors in the busiest 
Dutch shopping streets

• Heat affects the local economy: drop 
in visitor numbers during summer 
heatwave in 2020

Source: PBL 2020 (Rapport: Veerkracht op de proef gesteld: 
Een verkenning van de impact van corona op binnensteden)

Heatwave
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Impact of heat on mobility

‘Of all transport modes, cycling appears to 
be the most sensitive to weather.’

Böcker & Thorsson, 2014

Adapted from: Climate Change and Physical Activity: Estimated Impacts of Ambient 
Temperatures on Bikeshare Usage in New York City, Heaney et al., 2019

Higher PET values have consequences for preferred transport modes

• Above 28°C cycling 
decrease
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Densification of cities made us vulnerable 

Source: topotijdreis.nl

Photo: Olivier van Breugel

Example: Historical development of Zuidas

Zuidas today

1960 1975 2000 2020

Global challenge: 
How to densify and 
climate proof cities? 
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Tackling heat vulnerabilities = shift in focus

SYSTEM 
IMPACT

COOL SPOT 
CREATION

DESIGN 
DRIVEN 

APPROACH

INTEGRATED 
HEAT RESILIENT 

STRATEGY

Heat affecting 
city life

Heat affecting 
citizens

Identifying 
vulnerable areas

Short term 
tactical solutions

Long term 
strategic solutions

FOCUS IN 2021 SHIFTING FOCUS FOCUS TOWARDS 2025 FOCUS TOWARDS 2050

Cool 
Corridor

City 
Centre

Residential 
Areas

Transport 
Hub

School / 
Playground

Children

Elderly

Low SES

Ill

Housing Demand

Water features

Cool Surfaces NBS

Natural Capital

Reinforcing 
GI

Green walls

Shelter canopies

Trees

Biodiversity Loss

Heat mapsMobility

Local Economy

Covid-19

Vulnerable Groups
Systemic Challenges

City-Level Street-Level
Ecosystem Approach

Amsterdam University of Applied Sciences 2021
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Cool Towns: Mitigating heat stress in cities

• Identifying impact heat in urban areas
• Developing a decision-making toolkit for 

evaluating cooling measures 
• Integrating heat resilience into broader climate 

adaptation and spatial development strategies

Project aims

• Municipalities & Regional authorities
• Universities
• Specialist climate adaptation companies

Project partners
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TCA: From problem to analysis and solutions

Thermal Comfort 
Assessment (TCA) at city 

scale

Thermal Comfort 
Assessment (TCA) at street 

level

PET-modelling for 
identifying heat 

stress locations in 
the city

Assessment 
objectives, 
equipment, 

measurement map, 
schedule and team

Site characterization

Questionnaire

PET measurement

Metadata processing, 
analysing, structuring

MOBILE WEATHER STATION DATA

Developing or 
adapting 

heat-stress 
mitigation 

measures in urban 
planning & design

Phases
Quick Scan Measurement Plan Fieldwork Analysis Implementation

0 2 3 41

Source: Amsterdam University of Applied Sciences 2021
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Identifying heat on city scale: Zelzate

23-29
29-35
35-41
41-46
46-51

Legend
Slight Heat Stress
Moderate Heat Stress
Strong Heat Stress
Extreme Heat Stress (LV1)
Extreme Heat Stress (LV2)

Water

Buildings
Neighbourhood boundaries
Centrum

• Identifying urban areas where heat 
mitigation interventions are most needed

• Comparing the expected effectiveness of 
spatial heat measures

 Heat stress maps used for:

Lunchtime Scenario Rush Hour ScenarioTime: 12 UTC (14 CEST), Tair: 28 °C Time: 15 UTC (17 CEST), Tair: 33 °C

N
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Where do we see areas with heat stress?

     PET (°C) Rush hour scenario
29-35

35-41

41-46

46-51

51-56

>56

Moderate Heat Stress

Strong Heat Stress

Extreme Heat Stress (LV1)

Extreme Heat Stress (LV2)

Extreme Heat Stress (LV3)

Extreme Heat Stress (LV4)

2: Transport hubs are 
often vulnerable locations

4: Primary residential 
route needs shade

3: Trees in a row or pocket 
parks can create cool routes

1: City parks can offer a 
cool escape

Image capture: Sep 2021 © 2022 Google

Street View - Sep 2021

Zelzate, Flanders

 Google

4 Westkade

Image capture: Sep 2021 © 2022 Google

Street View - Sep 2021

Zelzate, Flanders

 Google

71 Assenedesteenweg

Image capture: Jul 2018 © 2022 Google

Street View - Jul 2018

Zelzate, Flanders

 Google

75 Groenstraat

Image capture: Jun 2022 Images may be subject to copyright.

All Latest Street View & 360°

Visvijver

Visvijver

Visvijver

©2022 Google, Image capture: Sep 2021

©2022 Google, Image capture: Sep 2021©2022 Google, Image capture: Jul 2018

©2022 Google, Image capture: Jun 2022

4

2

1

3
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Prioritizing areas: multi-level heat stress assessment

1. What are the city’s priorities?
2. Where is heat stress located in the city?
3. Where is a lack of cool square meters?
4. How/what time is heat making amenities inaccessible ?
5. What is the best cool solution for the specific space?

1 City level 
urban planning agenda’s

 

  
Duurzaam energie-en 
klimaatactieplan (luik  

mitigatie) 

 

Gemeente Zelzate 

Uitgevoerd op:  

Versie: 30/08/2018 

 
 

Uitgevoerd door:  

 
 

 

2 City scale heat stress area’s

3 District level
social&environ. indicators

4 Neighbourhood level 
heat spots and slow routes

5 Street level 
developing cool spots 
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Population density and 
age distribution

Strategic choices: social and environmental indicators

Vulnerable 
Groups

Vulnerable 
Places

Vulnerable 
Routes

Vegetated percentage

• Lowest percentage of green 
• Highest population density
• Lowest amount of cool area per inhabitant
• High percentage of elderly
• Low socio-economic score

Zelzate’s Grote Markt neighbourhood
Zelzate

Grote Markt

cool area m2 per 
inhabitant

Socio-economic score and 
heat stress levels
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Advanced heat stress vulnerability map
Grote Markt and Centrum 
Zelzate (BE)

User group: Visitors
Heat stress scenario: Rush hour

• Vital spatial typologies: city centre, 
shopping area and mobility hub

• Disconnected existing green infrastructure
• Social functions (post office, library)
• Schools (primary /middle/ high schools)

Zelzate: Grote Markt and Centrum

N
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Image capture: Jul 2018 © 2022 Google

Street View - Jul 2018

Zelzate, Flanders

 Google

3 Grote Markt

N

Which places call for urgent action?

Image capture: Aug 2021 © 2022 Google

Street View - Aug 2021

Zelzate, Flanders

 Google

Oostkade

• Bus station route suffers from 
Level 2 Extreme Heat Stress

• Re-connecting existing green 
infrastructure: planting row of 
trees at the end of 2020 (maple, 
ornamental pear, rowan)

• Market area under Level 2 
Extreme Heat stress

• Double row of plane trees, when 
10-15 meter tall have a 15-17 °C 
PET heat reduction capacity

• Aim to make the area car free

• School yard’s forested area 
offers escape from the heat, heat 
stress reduced to Moderate level

• Area’s exposed to heat serve as 
Cool Towns pilot sites

©2022 Google, Image capture: Aug 2021

©2022 Google, Image capture: Jul 2018

East Flanders Region
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Vulnerable spatial typologies
Residential 
neighbourhoods

Mobility hubsCity centres /   
 Shopping areas

Urban Geometry Height-Width 
Ratio

Social Movement Greeb-blue 
infrastructure

User-
groups

Schools /    
 Playgrounds

Pedestrian /    
 Cycling routes

Waverley Road, Margate, UK Bus station, Middelburg, NL Coehoornstraat, Breda, NLVeemarktstraat, Breda, NL de Reigers School, Zelzate, BE

• Identifing vulnerabilities in and between outdoor spaces 
• Resolving through tactical small-scale interventions as a start



PB

Street level solutions: Intervention Catalogue

Panorama of monitoring siteTree(s) Shelter Canopy Green Wall Water Feature Cool Surface

Single tree, Ghent (BE) Vegetated paving, Merelbeke (BE)Fountain, Merelbeke (BE)Shade sails, Amsterdam (NL) Indirect green facade, Ardooie (BE)

Photo: East Flanders Photo: East FlandersPhoto: East FlandersPhoto: AUAS Photo: SIOEN Ind.

• single tree
• row of trees
• group of trees

• shade sail
• awning
• pergola

• direct green façade
• indirect green façade
• living wall system
• free-standing green 

screen

• fountain
• smaller waterway
• misting

• grass 
• vegetated paving
• damped pavement

...but how effective are these heat stress mitiga-
tion interventions
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29-35

35-41

41-46

46-51

Moderate Heat Stress

Strong Heat Stress

Extreme Heat Stress (LV1)

Extreme Heat Stress (LV2)

Row of Catalpa treesSingle Hornbeam tree

de Reigers primary school & 
Atheneum high school in Zelzate (BE)

Cool Towns pilot: Awning

dPET: 15 

dPET: 20 °C

dPET: 20 

• Mix of low and tall buildings
• Shaded woody areas vs. open yards 

exposed to heat
• Places to stay, play or move through

Intervention effectiveness depends on many factors

dPET: 17.6 

Rush hour scenario
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Street level solutions: Intervention Catalogue

Panorama of monitoring siteTree(s) Shelter Canopy Green Wall Water Feature Cool Surface

Single tree, Ghent (BE) Vegetated paving, Merelbeke (BE)Fountain, Merelbeke (BE)Shade sails, Amsterdam (NL) Indirect green facade, Ardooie (BE)

Photo: East Flanders Photo: East FlandersPhoto: East FlandersPhoto: AUAS Photo: SIOEN Ind.

-3-19 PET °C -11-21 PET °C 1-4 PET °C* -0,5-2 PET °C -PET °C
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Cool Towns Intervention Catalogue & European Urban Heat Atlas

Contact Gideon Spanjar:  g.spanjar@hva.nl
More information: cooltowns.eu

Cool Towns
Intervention Catalogue Bus, comnimus et milluptas 

el int, ut unt
In raeprem quae nonsed

Authors: ovitae volorit esci berernam 
vendipiciat verferovit, sinvele ctiatio

Here goes the title58

Spatial characteristics

Questionnaire results

Shelter Canopies
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This 50m long metal pergola is located on an important walking and 
cycling route to the central train station area in Middelburg. It runs parallel 
with the Canal of Walcheren on an open site. The sole buildings tower 
over either end of the structure with a height of 20-25 metres, potentially 
blocking the wind that often fortifies as it sweeps above open canals. The 
measured wind speed corresponds to a light breeze on the Beaufort scale. 
It is at the threshold when people passing by may experience a touch of 
air on their skin. The still wind conditions with the low relative humidity 
point to a dry summer day that aggravates heat stress on the site. The 
pergola’s effectiveness in reducing heat stress was measured during the 
late afternoon, near the evening rush hour when the sun is not at its highest 
anymore, while facades and concrete tiles already warmed up and radiate 
heat.

The pergola is densely overgrown with Wisteria, spreading over the 
edges of the supporting structure and creating a continuous shade. In 
the spring, the purple flowers of the Wisteria make the pergola especially 
attractive. Residents living, recreating or working in the area appreciated 
the pergola for walking along and resting underneath. The measurement 
and interviews underline the effectiveness of the pergola in reducing heat 
stress. Interviewees sitting or walking under the shade felt only slightly 
warm, while those in the sun reported feeling warm or hot. Even though 
the pergola reduced air temperature by less than 1° under the pergola, it 
greatly improved thermal comfort with around 13° lower PET in the shade. 
The pergola improved thermal comfort by two Physiological Stress Grades 
largely because it shaded the users and the hard surfaces from direct solar 
radiation.

3.3.2 Pergola structure near Middelburg station

Figure 29:   Thermal comfort: How are you feeling now?
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Out of 5 intervieews,  3 
respondents were sitting and 
2 respondents were  walking 
at the time of the interview

Respondents mention 
the need for more green, 
shadow, trees and benches

Spatial typology Mobility hub (in its proximity, in 200m)

Urban geometry
Open site with one high building at each short 
end of the linear pergola structure

Social use
Place to stay and sit on the benches. Cycling 
route runs next to the site

26-36 Kanaalweg, Middelburg, NL

Warm

Slightly warm

Hot

Figure 30:   Why are you here?

0
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I am recreating hereI live here I work hereI work hereI live hereI am recreating 
here

1

2

Intervention typologies 59

Date

Time

dPET

Intervention characteristics

Species

Height

Shade size

Ground

Material

Transparency

PET
(°C)

Tair

(°C)
Tg

(°C)
MRT
(°C)

Wind
(m/s)

RH
(%)

Int. grade

Ref. grade

Intervention

Reference

Difference

Imagery ©2022 Google, Imagery ©2022 Aerodata International Surveys, Maxar Technologies, Map data ©2022 20 m 

Middelburg

Map Data: Google, ©2022 Aerodata 
International Surveys, Maxar technologies

Fisheye photo above 
reference point

Date 31 July 2020

Time 15:46

dPET 13,1 °C PET reduction

Intervention characteristics

Wisteria

Height 3 m

Shade size 100 m2

Ground concrete tiles

Material metal pergola structure

Transparency 85%

PET: 36,6 °C

PET: 49,7 °C

Fisheye photo above 
intervention point

Photo: Middelburg Municipality

36,6 33,5 35,5 42,1 2,2 26,4

49,7 34 44,7 10,7 2,2 26,3

-13,1 -0,6 -9,2 -31,4 0,02 0,06

Strong heat stress
Extreme heat stress: Level 2

magicflute002/
getty images

Multi-level Thermal Comfort Assessment 103City Neighbourhood Street

Figure 70:   Lunchtime 
scenario, Time: 12 UTC 
(14 CEST), Tair: 28 °C

Ostend Heat Stress maps

Fig.70a: Lijnbaanstraat after

Fig.70b: Lijnbaanstraat before

Building
Water
Train track
City centre
Neighbourhood

Heat stress level (PET)
46-51 Extreme Heat Stress (LV2)
41-46 Extreme Heat Stress (LV1)
35-41 Strong Heat Stress
29-35 Moderate Heat Stress
23-29 Slight Heat Stress

Fig.70c: Torhoutsesteenweg

Publication 
in Autumn 

2022

Invitation
Cool Towns
Final Conference
20 october 2022 in 
Ostend

https://www.cooltowns.eu/



