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15

There are signifcant gaps in urban 
heatwave adaptation policies,  
particularly with regards to  
vulnerable populations.

14
The analysis revealed that cities with a track 
record of developing adaptation plans to address 
heatwaves specifically tend to take a more  
data-driven approach.

6

Europe is the 
fastest warming 
continent, with 

temperatures 
rising at around 
twice the global 

average rate. 

19
Climate action plans provide little information on the monitoring, evaluation and reporting of adaptation actions and what 
success looks like.
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Executive summary
Europe is experiencing significant warming trends, with temperatu-
res rising twice as fast as the global average. The urban heat island 
effect worsens this, causing cities to face even higher temperatures 
than rural areas. This poses risks to public health, infrastructure and 
the economy. Despite these challenges, heat-related concerns are 
often overlooked in cities' climate plans, especially for vulnerable 
populations.

Sweco conducted a study of 24 European cities to assess their prepa-
redness for heatwaves. The study analysed climate resilience policies 
and heatwave data, focusing on six primary case study cities: Brus-
sels, Copenhagen, Helsinki, Rotterdam, Oslo, and Stockholm. Despite 
projections showing a doubling of heatwave days by 2100, few cities 
have dedicated heatwave adaptation teams, especially in Northern 
Europe where heatwaves are relatively new.

While cities recognise the health risks of heatwaves, they often fail to 
incorporate equitable resource distribution and protection for margi-
nalised communities into urban resilience planning. This is compoun-
ded by a lack of detailed data and vulnerability mapping across cities, 
hindering monitoring and evaluation of existing adaptation policies.
To effectively tackle heatwaves, clear governance, innovation, and 
co-creation are crucial, along with long-term visions and adaptable 
strategies. Collaborative governance, public awareness and commu-
nity empowerment are key for effective adaptation. Action on blue-
green infrastructure is also vital, ensuring solutions meet community 
needs and have positive impacts.

Recommendations for European cities include investing in know-
ledge, integrating climate adaptation into urban planning laws, 
and optimising construction strategies. Urgent action is needed to 
mitigate heatwave impacts, build resilience, and create sustainable 
environments for all residents.

2023 saw a record number 
of days with extreme heat 
stress. There is an increasing 
trend in the number of days 
with at least ‘strong heat 
stress’ across Europe
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Introduction
The 2023 Global Carbon Budget projects that the carbon budget re-
maining before the 1.5° threshold will be breached consistently over 
consecutive years, rather than just for a single year. Based on current 
emission rates, the Global Carbon Budget team predicts a 50% likeli-
hood of global warming consistently surpassing 1.5°C around 2030.1 
This rise in global temperatures is accelerating the frequency and 
intensity of extreme weather events, including heatwaves.2 

The impacts of heatwaves are already being felt worldwide. 
Between 2013 and 2022, the number of heatwave days increased 
by 94% globally compared to the period from 1986 to 2005.3

How prepared are European cities?

So, how prepared are European cities for an increasingly  
warmer climate? In this Urban Insight study, Sweco identifies the 
approaches that European cities have adopted to enhance the 
resilience of their local communities in response to the increasing 
frequency and severity of extreme heatwaves.

A recent report, the European State of the Global Climate 2023, 
shows that Europe is the continent where warming is occurring 
most rapidly, with temperatures rising approximately twice as fast 
as the global average.  

The Urban Heat Island (UHI) effect4  exacerbates this situation, 
leading to significantly faster surface warming in cities compared 
to rural areas.5 This temperature difference occurs when cities’ 
unshaded roads and buildings absorb heat during the day and 
radiate that heat into the surrounding air.

This temperature difference is mainly caused by the extensive 
use of concrete and asphalt, which absorb and retain heat more 
efficiently than natural landscapes, as well as by heat generated 

from vehicles, industrial processes, energy systems and waste 
heat. The lack of vegetation in cities also contributes to this effect, 
as plants and trees can cool the air. The UHI effect can exacerbate 
the discomfort of hot weather, increase energy consumption for 
cooling, and can contribute to poorer air quality.

Increasing temperatures

European cities are projected to witness a rise in both the number 
of heatwave days per year and the maximum heatwave tempera-
ture. High-impact scenarios suggest that 72% of European cities 
will experience a temperature increase of at least 10° during 
heatwaves.6

These extreme heat events pose significant risks to public health, 
energy infrastructure and economic productivity in urban areas. 
During the summer of 2022, more than 61,000 people died 
because of Europe’s record-shattering heat wave, according to 
scientists.7

A study published in the scientific journal Nature shows that 
heatwaves caused 0.3-0.5% of Europe’s GDP in damages between 
1981 and 2010.8 Future projections suggest that by 2060, impacts 
could increase by a factor of almost five in Europe if no further 
mitigation or adaptation actions are taken.

Despite these risks, heat-related health concerns are often over-
looked in climate mitigation and adaptation plans. Moreover, there 
is a significant heat disparity within urban centres that dispropor-
tionately impacts vulnerable and marginalised communities.9 

The rapid urbanisation trend is undeniable, with over two-thirds of 
the world’s population predicted to reside in urban areas by 2050. 
In Europe, this figure is even more staggering, reaching 84%.10 

This demographic shift brings about a heightened focus on urban 
climate resilience, with heat management being a critical issue for 
cities to address.

Europe needs to improve its adaptation

Europe needs to improve its adaptation to the effects of climate 
change, according to the European Environment Agency (EEA), 
which recently warned that extreme heat, drought, wildfires and 
floods will worsen and negatively impact living conditions.

In its report, the EEA has examined how European cities are being 
equipped to withstand more frequent and intense extreme weather 
in the future. It turns out that almost all are increasingly using natu-
re-based solutions to enhance resilience. Of the 19,000 local clima-
te action plans analyzed, 91% included nature-based methods such 
as the construction and maintenance of parks, urban forests, and 
green roofs. Vegetation can help cool cities and manage water – but 
also brings other benefits, such as providing recreational spaces or 
reducing air pollution, as emphasised by the EEA.

However, the EEA warns that relying solely on nature-based tools is 
not enough. The climate effects are expected to grow to a magni-
tude that requires a combination of various measures, including 
changes in physical infrastructure.

Countries that fail to address climate change and its effects might 
face dire consequences. In the spring of 2024, Switzerland faced 
judgement from the European Court of Justice in Strasbourg for 
inadequately protecting vulnerable older women from the impacts 
of climate change, particularly heatwaves. This case, known as 
Klimaseniorinnen, marked the European Court’s first climate-rela-
ted conviction.
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The methodology: 

Examining heatwave impacts and strategies  
in European cities
During the study, Sweco's experts conducted a literature review 
on adaptation and resilience practices across 24 European cities, 
laying the groundwork for examining six primary case study cities: 
Brussels, Copenhagen, Helsinki, Rotterdam, Oslo and Stockholm. 
These cities were chosen for their status as cooler northern- 
European cities expected to face significant heatwave impacts  
due to potential unpreparedness.

Commonalities among these cities include a history of climate 
change decision-making, recent experience with extreme heatwa-
ves, and stakeholder engagement in policymaking. 

As a complement to the literature review, interviews were con-
ducted with a few selected northern European cities. Our team of 
Sweco experts interviewed representatives from multiple cities 
actively involved in climate resilience and adaptation policy. These 
interviews were further complemented by an in-depth analysis of 
heatwave data.

Insights from these analyses form the report’s main body, offering 
key trends, lessons learned and high-level recommendations for 
policymakers and urban sustainability practitioners worldwide. 
Policy and strategy documents related to climate resilience, adap-
tation and heat were also analysed, along with data from academic 
sources.

The analysis from the in-depth case studies of northern European 
cities provided insights into heatwave experiences, current policies, 
implementation challenges, and opportunities for improvement.

Average surface air temperature anomaly (°C) for 2023, relative to the 1991–2020 reference period. Data source: ERA5. 
Credit: C3S/ECMWF.

Europe is the fastest warming continent, with temperatures rising at around twice the global average rate. 
According to the European State of the Climate (ESOTC) report 2023, the three warmest years on record for 
Europe have all occurred since 2020, and the ten warmest since 2007.
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Heat, health and vulnerable groups – 
a theoretical background
In this chapter, we highlight the findings from our literature review on the 
relationship between heat, health, and vulnerable populations, combined 
with a general view on how European cities address heatwaves today. 

Human vulnerability to climate change is directly related to the adaptive 
capacity of the built environment, the possibility for change, social pro-
cesses and institutional structures of a particular urban context. 

Human health is particularly vulnerable to extreme heat. Studies  
highlight the following:
-   489,000 excess deaths (2000-2019) were due to heat globally11,  

with over 20,000 excess deaths/year across 854 cities in Europe.12

-   37% of warm-season, heat-related deaths (1991-2018) are directly 
attributable to anthropogenic climate change.13

-   There is a clear causal relationship between increased levels of air 
pollution and extreme heat, with air pollution consistently increasing 
respiratory and cardiovascular disease-induced mortality during 
 the warmest months of the year.14 

More frequent and intense heatwaves will affect citizens around the 
world, but their effects will not be felt equally. Cascade effects  
resulting from heatwaves, such as drought, access to food, employ- 
ment, ecosystem collapse, biodiversity loss and mental health  
challenges, can trigger additional crises in various areas.

Each city will have its own adaptive capacities across each of these 
dimensions. However, what remains consistent across cities is the 
absence of adaptation measures that include communities, especially 
those particularly vulnerable to heatwaves.15

For example, a 2018 study found that people living in urban areas 
with less green space, which is highly correlated with negative 
socio-economic indicators,16,17 have a 5% higher risk of dying from 
heat-related causes.18 Additionally, research highlights how vulnera-
ble groups across European countries are particularly susceptible to 
increased mortality from heart and lung diseases, accelerated by the 
interactive effects of air pollution and extreme heat.19

489,000 

> 20,000 

37%

excess deaths (2000-2019) 
were due to heat globally

excess deaths/year across 
854 cities in Europe

of heat-related deaths (1991-2018) 
are attributable to climate change.

Effects from extreme heat globally and in Europe

In European regions, heat-related mortality 
has increased by around 30% in the past 20 
years, according to the European State of the 
Climate report 2023.
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The three most vulnerable groups:
-  Elderly
-  Infants
-  People with pre-existing health conditions20

Other vulnerable groups: 
-   People with low income and education, including illiteracy  

or social isolation
-  Underrepresented groups 
-  Tenants (particularly in old buildings)21

Engaging with inhabitants proactively is crucial to building 
resilience to extreme heat in these communities.22 However, 
failing to properly account for vulnerable populations is 
one of the major weaknesses of urban climate adaptation 
plans across the  EU-28. This is particularly acute in terms 
of monitoring and evaluation of adaptation measures, and 
participation in adaptation planning by vulnerable groups.23

If current trends continue, the existing heat 
inequity in cities, often reflecting social 
and racial disparities, will only deepen in the 
coming decades as our cities become 
warmer, posing a daunting challenge for  
cities to bridge.24

UN spokesperson
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Resilience can be defined as “the capacity to prepare for threats, to 
absorb them and quickly recover when they occur and to adapt and 
transform the way we cope in the future".25

Building urban resilience in the face of increasing risk from heatwa-
ves is achieved through climate adaptation measures, broadly defi-
ned by the IPCC as "anticipatory or reactive adjustments to climate 
change and its impacts".26

Approaches taken by cities will vary as heatwaves impact cities diffe-
rently depending on the local context and environmental conditions.

The results of our literature review indicate that resilience- 
enhancing heatwave adaptation measures in European cities  
typically encompass:

Enhancing green infrastructure using nature-based solu-
tions27 such as green roofs, urban trees and the replacement 
of impermeable surfaces with permeable vegetated areas.28

Cooling the built environment through measures like the 
integration of heatproofing in urban planning legislation and 
retrofitting existing infrastructure.

Targeted community engagement and locally led climate 
adaptation29 to raise citizen awareness of heat risks and 
access to cooling infrastructure,30 particularly among vulne-
rable populations.

Adaptation measures are wide-ranging and can be either incre-
mental or transformational. While incremental adaptations occur 
when marginal changes are made over time within existing system 
parameters, transformational adaptation aims to “reduce the root 
causes of vulnerability to climate change by shifting systems away 
from unsustainable or undesirable trajectories”.31

Policies that fail to account for the vulnerability of certain commu-
nities or infrastructure to the effects of climate change can lead to 
maladaptation, which is “a process through which people become 
even more vulnerable to climate change”. 32

1

2

3

Urban resilience to heatwaves: transformational adaptation
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Best practices in Europe
Building resilience through vulnerability mapping 

Properly identifying, engaging with and including fragile communi-
ties in policymaking is critical to increasing heatwave resilience in 
urban areas. Effective heatwave management starts with identifying 
and mapping vulnerabilities in urban areas.

Vulnerability mapping is typically done by overlaying thermal satellite 
imagery with relevant socio-demographic indicators. 

Risk of flooding Wildfires Heat island

There is no chance of flooding at this 
location. There is also no chance of a 
flood in 2050. This concerns flooding 
due to a dike breach or from surface 
water, not flooding due to extreme 
weather or high groundwater.

There is now a moderate risk of 
wildfires in this region, but by 2050 
the risk is high.

The temperature in this postcode 
area is 0.8 degrees warmer due to the 
buildings.

not not

no mediocre

2050 2050

+0.8°C
no big

‘Stress Test Your Address’
The Dutch national broadcasting organisation Nederlandse Omroep Stichting (NOS) developed an online tool for Dutch citizens to 
‘stress test’ their address, with indicators including flood risk, heat vulnerability and subsidence. Sweco supported the process by 
picking the data sources, with data quality and fact checking the texts and information in the tool.

Heat vulnerability mapping
The Mayor of London has created a city-wide map, overlaying 
key metrics to identify areas within London that are most 
exposed to climate impacts with high concentrations of vulne-
rable populations.

A climate risk map was used to analyse the exposure and vulne-
rability to climate change throughout Greater London. This tool 
proved valuable in enabling the mayor and other London-based 
organisations to allocate resources to support communities that 
face the greatest risks from climate change impacts.

Climate vulnerability encompasses both the exposure to 
climate change impacts, such as flooding or heatwaves and 
the personal and social factors that influence individuals' 
ability to cope with and respond to extreme events. Areas with 
high climate risk often coincide with regions characterised by 
income and health disparities. 

The greatest gains in well-being in urban  
areas can be achieved by prioritising 
investment to reduce climate risk for 
low-income and marginalised residents.33

IPCC spokesperson

Cities need to pinpoint vulnerabilities by comparing neighbourhoods 
and identifying specific hot and cool spots, providing much-needed 
relief for vulnerable groups during heatwaves. Steps are needed at 
various levels, including adaptation measures for buildings and  
neighbourhoods to reduce health risks and enable active governance 
for reducing health inequalities.



         Urban Insight by Sweco – Building heatwave resilience in European cities     11          

Public engagement and  
communication strategies

Engaging citizens in climate adaptation through sustained 
communication strategies and public participation in poli-
cymaking is vital to building urban resilience in the face of 
climate change.34

This is particularly true in the case of extreme heat,35 
where a lack of public engagement from local authorities 
regarding urban heatwave policies disproportionately 
effects vulnerable communities.36

Climate Vulnerability and Capacity Analysis handbook
The Climate Vulnerability and Capacity Analysis (CVCA) handbook is a tool 
developed by the CARE Climate Change and Resilience Information. It is 
used to collect and analyse information about community-level vulnera-
bilities to climate change and their capacity to respond. The CVCA helps 
identify actions that support communities in enhancing their resilience to 
climate change, whether at the community level or more broadly.

The CVCA process takes into account the potential adverse impacts of 
climate change on gender equality, ecosystems, and governance, and 
considers how these factors influence people's resilience. By addressing 

these issues as cross-cutting themes, the CVCA process enables an 
integrated approach that explores options for positive change in these 
areas while also enhancing climate resilience. 

The CVCA handbook provides a robust tool for gathering and analysing 
information on community-level vulnerabilities to climate change and 
their adaptive capacities. Though primarily focussed on resilience- 
building in the Global South, the rigorous and holistic framework is 
highly adaptable to different contexts and centred on transformational 
adaptation through the empowerment of vulnerable communities.

European climate policy and action for health
The European State of the Climate 2023 (ESOTC 2023) report 
provides insights into the intersection of climate policy and health 
action within Europe. 

Key points include:

-  The number of adverse health impacts related to extreme 
weather and climate events is rising.

-  Generally good awareness but a low-risk perception of heat by 
the public, vulnerable groups and some health care providers.

-  Initiatives such as the WMO Regional Climate Centre’s Climate 
Watch System, and other early warning systems, raise awareness 
of predicted extreme events to enhance societal preparedness.

-  Health risk and adaptation differ between countries.

-  Tailored climate services for the health sector are effective 
in increasing resilience, with significant potential for further 
development.

-   Health adaptation can build on established health system infra-
structures, but progress has been limited.
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Trees can cool cities by up to 12°C on a hot day 

Without trees

With trees

Perceived

24°C

36°C

Perceived

City networks
In the face of insufficient national progress on climate change 
mitigation and adaptation globally,37 networks of cities across the 
world have formed to tackle these crises from the bottom up.

In terms of climate mitigation and actions for reducing carbon 
emissions, an analysis of 327 cities within the EU-28 demonstra-
tes that European cities involved in networks like the Climate Alli-
ance and the Covenant of Mayors are 90% and 75% more likely to 
have ambitions aligned with the Paris Agreement than cities that 
do not participate.38

Heat mapping and vulnerability analysis for urban areas
Sweco, on behalf of Ängelholm Municipality, has conducted an 
analysis of the national heat mapping available in Sweden. The 
purpose of the assignment was to select the most suitable heat 
mapping to understand heat issues within Ängelholm municipa-
lity and then carry out a vulnerability analysis. The vulnerability 
analysis maps the distribution of heat within these urban areas, 
as well as how vulnerable facilities (preschools, assisted living 
facilities, care homes, LSS housing, etc.) across Ängelholm Muni-
cipality are at risk of being affected during summer heatwaves.

The analysis results in a comparison of the relative vulnerability of 
the activities to heat impact during the summer. Sweco evaluated 
the vulnerability of 150 facilities in the municipality and mapped 
areas sensitive to heatwaves, as well as areas that are cooler and 
could be used as resource areas if further design and planning are 
carried out.
 
The Public Health Agency has compiled the following factors that 
influence heat development:
•   Paved and dark surfaces, such as black roofs and asphalt,  

absorb heat.
•  Green areas with high vegetation have a cooling effect.

•   Trees have a cooling effect, primarily through shading, but 
also through evapotranspiration. As long as the tree roots have 
access to water, they transpire moisture through their pores in 
their leaves, which then evaporates and lowers the surrounding 
air temperature. However, during longer dry and hot periods, 
trees close these pores to conserve water.

•  Low vegetation is considered neutral.
•   Proximity to water can have either a cooling or warming effect, 

depending on the location and season.
•  Buildings provide shade, but they can also emit heat.
•   Wind has a cooling effect, with direction and strength being 

important factors.
•   Humidity affects the perceived temperature.

By addressing these factors within the municipality, conditions 
can be created for a healthy outdoor and indoor climate. During 
the planning process and in the design of public spaces, conside-
ration of these factors can create safe areas for residents and vis-
itors within the municipality. Note, however, that if a neighbour-
hood has extensive green areas, the average temperature of the 
neighborhood may be relatively low, despite the presence of high 
surface temperatures near residential and commercial areas.

Led by C40, the Cool Cities Network is a knowledge and policy-sha-
ring alliance among major urban centres whose focus areas include 
heat and vulnerability mapping, heatwave emergency management, 
integrating heat into planning, highlighting the co-benefits of heat 
action and promoting heat mitigation solutions.

City networks are also associated with significant benefits for 
climate adaptation and resilience, promoting city-to-city learning 
through best practice knowledge-sharing, promoting adaptation 
and resilience work internally and increasing access to funding 
opportunities.39
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Urban heat map
Odense Municipality has wanted to map out how the higher 
temperatures of the future will affect the municipality. Sweco has 
therefore contributed by preparing an urban heat map of the entire 
municipality. Heat-related challenges have been mapped, and focus 
areas have been identified where vulnerable groups are particularly 
exposed.

The designated focus areas concern the areas of the city that are at 
particular risk of overheating and where vulnerable citizens, such 
as children and the elderly, reside.
  
Solutions to Odense's heat-related challenges involve green  
optimisations such as water management and bright surfaces,  
and initiatives that increase biodiversity, including evaporation- 
promoting elements such as planting on surfaces and facades  
as well as more trees in selected areas. These measures will all 
contribute to reducing the temperature in the city and provide  
cooling properties.

Photo Niels Nygaard

Surface  
temperature 
(Celsius)
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30 - 40
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50 - 60

IceTool Odense – before

Surface  
temperature 
(Celsius)
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IceTool Odense – solution

An urban heat map will function as a  
resource-efficient and comprehensive 
mapping that forms the basis for identifying 
focus areas. The selection of focus areas is 
made on the basis of the calculated surface 
temperature and a demographic analysis, 
buildings, paving types and demographics, 
where one of our own tools, Spatial Suite,  
is used for the analysis

Camilla Hvid, Head of Sustainability at Sweco in Denmark

A digital twin to beat the heat

It is possible to calculate surface temperature with GIS tools at a relatively high resolution, here with a grid size of 1x1 m. This enables planners to assess 
the effectiveness of different blue and green solutions.



         Urban Insight by Sweco – Building heatwave resilience in European cities     14          

The approach to heatwave resilience  
in 24 European cities 
How are European cities tackling heatwaves? This study covered 24 cities across Europe and  
explored how they are building up their resilience strategies to adapt to the heat.

Impact of increasing temperatures 
Future climate projections anticipate a significant increase in the 
frequency and severity of heatwaves in urban areas. To address this, 
nearly all cities in the analysis developed a climate action plan that 
included urban adaptation actions for mitigating the impact of a war-
ming climate. Many of these actions aim to cool urban areas to reduce 

the likelihood of health concerns and an increase in mortality rates 
across European cities.

Mapping heatwave impact
Most cities in the study acknowledged the impact of heatwaves on 
vulnerable communities, even though definitions varied in terms of 

what vulnerable communities are. Some cities focussed on the el-
derly or children, whereas others focussed on citizens residing in 
lower income areas and other socio-economic factors. As part of 
the development of urban adaptation plans, many cities engaged 
a wide range of stakeholders in the process. This tends to be the 
most common approach to reaching vulnerable groups. However, 
engaging hard-to-reach groups can be challenging. In the urban 
adaptation plans reviewed as part of the analysis, cities did not 
tend to provide too much detail on the stakeholder engagement 
process and the specific vulnerable groups that were included in 
the study. 

The analysis revealed that cities with a track record of developing 
adaptation plans to address heatwaves specifically tend to 
take a more data-driven approach to understanding vulnerable 
communities. For example, cities used GIS spatial mapping to 
layer temperature data and socio-economic data on lower income 
areas to develop targeted adaptation actions. Overall, the analysis 
identified a gap between mentioning vulnerable communities in 
resilience plans and the engagement approach to work with them 
to co-create policies and projects.

Effective climate action plans
Most European cities in the study are currently implementing 
both green and blue infrastructure to create ‘cooling corridors’ 
for residents as an approach to mitigating the impact of heatwa-
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1. Brussels 
2. Copenhagen
3. Helsinki 
4. Oslo
5. Rotterdam 
6. Stockholm
7. Amsterdam
8. Edinburgh

9. Madrid
10. Glasgow
11. Seville
12. London
13. Rome
14. Lisbon
15. Paris 
16. Vienna

17. Barcelona 
18. Geneva 
19. Prague 
20. Istanbul 
21. Toulouse 
22. Gdansk 
23. Warsaw 
24. Athens

The studied cities include:

ves. However, they are adopting many other actions that link to health, 
including:
•   Investment in one-off projects (green roofs, wildlife corridors, etc.)
•   Links to nature-based solutions, specifically in areas impacted by the 

UHI effect, and ties to vulnerable communities by spreading out green 
spaces across the city so that anyone can access them within a set 
amount of time.

•   Awareness campaigns and early warning systems (helplines, etc.) 
targeted at vulnerable communities as a preventative measure.

•   Development of resilience housing and infrastructure to protect residents.
•   Reducing the number of vehicles on the road during heatwaves in order to 

lower temperatures from the UHI effect and to improve air quality.

However, do these strategies produce effective results?

The studied European cities climate action plans showed a lack of data 
on the impact of adaptation actions, specifically urban cooling actions, 
to address the impacts of heatwaves. General data and information are 
available on a select number of adaptation actions implemented in cities 
(such as green corridors), but most of this data around action benefits 
has not been confirmed and quantified in specific places or geographic 
regions. Therefore, it is too early to tell if these actions are effective in 
mitigating the impact of heatwaves in European cities. Furthermore, there 
is little information provided in the climate action plans on the monito-
ring, evaluation and reporting of adaptation actions and what success 
looks like.

There are significan gaps in urban 
heatwave adaptation policies with 
regards to vulnerable populations.

Image collage by Sweco. The collage includes an image from Getty, and the image on the computer represents the annual near surface temperature anomaly (°C, difference from 
the 1991-2020 average)  for 2023. Data shown are the median of the following six data sets: 
Berkeley Earth, ERA5, GISTEMP, HadCRUT5, JRA-55, NOAAGlobalTemp.
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Heatwave trends in Europe40

European cities are increasingly experiencing a rise in temperatu-
res as a consequence of global warming. This temperature rise has 
caused an increase in heatwaves, both in terms of frequency and 
likelihood of recurrence. Based on current carbon emission trajecto-
ries, Sweco experts have analysed case study data on heatwaves 
using the PROVIDE climate risk dashboard to understand the future 
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Heatwave days per year

likelihood of heat stress within these cities. PROVIDE enables users  
to explore the anticipated impacts of future climate change and  
the (un)avoidable risks ranging from cities to the global scale.

The number of heatwave days will double by 2100 
All cities are set to experience at least double the number of heat- 

wave days in 2100 compared with 2020. The biggest increase 
is in Copenhagen +38 days from 2020 to 2100. Helsinki is set to 
experience the smallest increase of +27 days, yet this still repre-
sents a 100% increase in heatwave days in the next 80 years, 
from 2020-2100.

Heatwave days per year: Periods of at least 3 days in which the maximum and minimum temperature exceeds the 90th percentile value of a 
reference present period (2011-2020). This graph shows how Heatwave days per year (expressed in d/yr) will play out over time on average over 
the urban area of Brussels, Copenhagen, Helsinki, Oslo, Rotterdam, Stockholm, according to the scenario 2020 climate policies. The line indicates 
the median estimate for this scenario. For more information go to Provide dashboard.

Brussels

+130%

Copenhagen

+160%

Helsinki

+100%

Oslo

+140%

Rotterdam

+130%

Stockholm

+150%

Estimated increase in heatwave days  
from 2020 to 2100
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It's crucial to prioritise action on blue-green 
infrastructure, ensuring that solutions are 
tailored to meet community needs and yield 
positive outcomes
David Hirdman, climate change adaptation strategist at Sweco
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The PROVIDE climate risk dashboard allows you to explore future 
climate change impacts and (un)avoidable risks, from cities to the 
global scale.

The climate risk dashboard is an online platform providing detailed 
information on overshoot scenarios and expected impacts and their 
reversibility. From urban heat stress to soil moisture and marine 

Climate Risk Dashboard

Moderate heat stress: Number of days per year where wet bulb 
globe temperature goes over 25°C. Wet bulb globe temperature 
(WBGT) is a measure of heat stress in direct sunlight, which takes 
into account temperature, humidity, wind speed, sun angle and 
cloud cover (solar radiation). 

From 2020-2100, both Brussels (+10 moderate heat stress days) 
and Rotterdam (+9 moderate heat stress in days per year) are 
expected to experience significant increases in moderate heat 
stress days, a 150% and 160% rise respectively by the end of the 
century. While the number of days per year is less for other cities, 
the percentage increases are more severe: Copenhagen +200%, 
Helsinki +185%, Oslo +265%, Stockholm +260%.41 

climate data, the dashboard allows climate scientists, urban 
planners, science communicators and policymakers to explore 
terrestrial and marine climate futures and the steps needed to avoid 
the worst climate impacts in urban centres worldwide. The platform 
provides data to address global temperature overshooting risks. It 
is led by Climate Analytics in partnership with 17 global institutions 
including Sweco.

This project has received funding from the European Union’s Horizon 2020 research and innovation programme. More information: provide-h2020.eu

Brussels

+150%

Copenhagen

+200%

Helsinki

+185%

Oslo

+265%

Rotterdam

+160%

Stockholm

+260%

Estimated increase in moderate heat stress  
days from 2020-2100
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Case studies: 

Heatwave strategies in six large European cities
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Predicted heatwave impact 46

+23
heatwave days  

by 2100

+9.4
moderate heat stress 

days by 2100

Brussels
Climate Resilience Plans: Key Heat Policies
Brussels’ key heat resilience policies span three key areas. 

The city’s climate plan47 identifies nature-based solutions as the first 
step in combatting increased heat. Policy measures include creating 
and enhancing local greenspaces, a ‘Reseau Nature’ programme to 
increase urban biodiversity, and the continued development of the 
Neder-Over-Hembeek Urban Forest project. This is consolidated in the 
region’s Air-Climate-Energy Plan, which asserts the need for diversi-
fied tree-planting to increase the climate resilience of local forests.48

Infrastructure adaptation and retrofitting to improve comfort in the 
summer is another key part of the climate change plan. These are 
complemented by the promotion of the Sustainable Building Guide 
and Materials tool for architects and construction professionals.

Finally, the city recognises that “urban planning and urbanisation are 
essential levers”49  for ambitious climate adaptation measures. Muni-
cipal authorities are looking to increase access to urban green space 
through a programme of ‘verdurisation’, in collaboration with the 
environmental division of the city authority Environnement.Bruxelles 
and Be.Sustainable, a network of Brussels transition actors who work 
towards developing a resilient city. The city is also “committed to 
carrying out three pilot projects to reduce the UHI”, though no further 
detail is provided.

Brussels is particularly vulnerable to heatwaves compared with 
other Belgian municipalities, with the UHI effect making air 
temperatures in the city up to 7-8°C greater than surrounding 
rural areas.42

The city is experiencing an increased frequency and intensity 
of heatwaves, with at least one heatwave occurring every year 
between 2015-2019.43  Additionally, the duration of heatwaves 
doubled in the period 1988-2016 compared with 1901-1930.44,45  

Current heatwave impact

In Belgium we have chosen to combine the management of high temperatures with the 
issue of ozone peaks, which are often associated with them. The implementation of the 
Heatwaves and Ozone Peaks plan adopted in 2015 was the subject of a coordination pro-
tocol between the three regions and CELINE (Interregional Environment Cell). The various 
authorities in Belgium have an ozone and heat plan.

Pascale Van Der Plancke, climate policy advisor at the City of Brussels

Vulnerable Communities: Engagement and Impact
Brussels’ heatwave plan allows vulnerable individuals to register, so 
that when temperatures exceed 28 degrees, a phone number can be 
used to seek help. Dedicated teams help by providing regular contact, 
water and home visits to check citizens’ living conditions.
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Copenhagen 
Climate Resilience Plans: Key Heat Policies
To reduce probability, scale and vulnerability to heat, the plan  
promotes targeted multilevel actions at the municipal, district, street 
and property levels.54 These include integration of nature-based 
solutions in local plans and legislation, establishment of continuous 
green structures and the Municipal District Cooling Act.

Case Study: District Cooling
Copenhagen’s district cooling utilises seawater intake for heat 
absorption and produces an estimated 70 percent reduction in CO2e 
emissions compared with conventional air-conditioning.55 

Vulnerable Communities: Engagement and Impact
As part of its 2011 Adaptation Plan, the city produced a visual map of 
surface temperatures during a 2006 heatwave, identifying vulnerable 
areas to focus on and target measures. However, despite contempo-
rary research highlighting the increase of heat-related morbidity for 
vulnerable populations during heatwaves,56 while the municipality 
identifies vulnerable groups, the sick, the elderly and children, it does 
not include specific policy measures targeting these groups.

The Copenhagen Climate Adaptation Plan (2011) identifies 
UHI and high surface temperatures as a key issue for the city. 
Copenhagen experienced its hottest average summer in 2018,50 
with heatwaves in consecutive years from 2020-2022,51.52 and 
record July temperatures in 2022.53

Current heatwave impact

In Copenhagen's Municipality's climate adaptation plan, we have identified rising  
temperatures as a challenge that will grow in line with climate change. We have prepared  
a study of the extent of the problem and possible measures that can reduce the urban heat 
island effect (UHI). Handling of UHI is included in the municipal plan's general guidelines  
as a possible parameter that can be incorporated into local plans. Political decisions on  
prioritising the work with UHI and financing measures are needed to reduce UHI.

Jan Rasmussen, project director, Center for Climate Adaptation at the City of Copenhagen.

Predicted heatwave impact46

+38
heatwave days  

by 2100

+3.2
moderate heat stress 

days by 2100 
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Helsinki
Climate Resilience Plans: Key Heat Policies
The 2017 Climate-Smart Helsinki city plan calls for the implementa-
tion of a green roof policy and expanded district cooling to help the 
city adapt to the UHI effect.

Climate adaptation strategies have been developed to combat 
increased heat, focusing on urban greening, and embedding climate 
adaptation measures into city administration.59

The City of Helsinki is a project partner in the Green Handbook, a 
model for the digital, participatory urban planning of multifunctional 
green infrastructure.

However, in its 2019-25 Climate Adaptation strategy, the city reco-
gnised that actions for mitigating the UHI effect remain insufficient 
due to resource constraints and that there is a need to integrate 
adaptation into city management through staff training and in-depth 
scenario planning.60 

Vulnerable Communities: Engagement and Impact
In 2015, the Helsinki Region Environmental Services Authority 
leveraged GIS and city socio-economic data to assess vulnerability to 
extreme heat according to age, health, income, education and social 
networks.61 Updated climate vulnerability mapping is underway as 
part of the CHAMPS programme, a research consortium between 
higher education and government institutions.62 

The UHI effect and summer heatwaves are some of the key 
climatic and adaptation challenges faced by Helsinki.57 A 2018 
summer heatwave is estimated to have caused 380 premature 
deaths in the city.58

Current heatwave impact

The city has planned to launch policies regarding heatwaves this year (2024). However, 
since this is completely new, there is no city body that is ready and organised to take this 
as their responsibility. It requires cooperation and responsible parties throughout the city's 
different organisations. Regarding rain and flooding, these processes have existed for a 
long time, but for heatwaves everything needs to be built from scratch now.

Susanna Kankaanpää, project manager, adaptation to climate change at City of Helsinki

Predicted heatwave impact46

+27
heatwave days  
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+3.5
moderate heat stress 

days by 2100 
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Oslo 
Climate Resilience Plans: Key Heat Policies
In 2015, Oslo became the first Norwegian city to adopt a climate 
change adaptation strategy. This strategy was revised and integra-
ted in the Climate Strategy of Oslo adopted in 2020, with goals for 
both adaptation and mitigation. The strategy has one focus area on 
managing and protecting the forest surrounding the city, and another 
focus area on building resilience in the built environment. Both focus 
areas include actions points that will increase resilience to heat such 
as further develop green spaces, planting trees, sustainable forestry, 
reopening streams. Other initiatives being implemented67:

•   A clear focus on nature-based solutions through preservation and 
enhancement of blue-green infrastructure, including a flagship 
tree-planting project, green roofs and rain gardens.68 

•   Integration of climate change adaptation in urban planning.69 For 
example, standards were developed by the Agency for Planning 
and Building Services for mandatory blue-green infrastructure and 
climate change criteria in new housing projects and other transport 
and construction works.70 

Case Study: Oslotrær – Oslo Trees Project71 
Initiated by Oslo City Council, the Oslotrær project promotes and orga-
nises urban afforestation in collaboration with NGOs, schools, homes 
for the elderly, and local civil society groups. Following a mapping of 
urban tree cover in 2021, the project has planted 3,200 trees to date 
and includes regular monitoring and evaluation with stakeholders in 
addition to a public portal showing new plantings.

The unique topography of Oslo, with its basin shape and compact city 
center, increases the risk of urban heat island effect.63 Over the past 
century the climate in Oslo has become 1.5 degrees warmer and, with  
temperature rise projected to be highest in polar regions, this rise will 
be felt acutely in Norway’s capital.64 Despite its status as considered 
one of the cities with lower exposure to climate risks compared to 
other parts of the world, ranking 575th globally,65  Oslo experienced 
consistently high temperatures and drought in 2016-2018. This 
acutely increased the risk of wildfires owing to drought-stressed fir 
trees in Oslomarka, the forest surrounding the city.66  

Current heatwave impact

The city might in the future implement  
various measures to help residents cope  
with the heat, especially for vulnerable  
populations like the elderly and those with 
pre-existing health conditions. 

Guro Sørnes Kjerschow, special advisor for climate change adaptation, City of Oslo

Vulnerable Communities: Engagement and Impact
The climate change vulnerability analysis for Oslo (2020) assesses 
impacts of climate change on Oslo and the city’s ability to adapt to 
these. One finding in the analysis was that there is limited research 
and mapping of the effects of higher temperatures in Oslo. 

With a changing climate, the weather in Oslo is becoming wetter and 
warmer. "So far, the main challenge with climate change in Oslo is hea-
vier rainfalls with subsequent storm water causing damages and ope-
rational abruptions to buildings and infrastructure. Hence, stormwater 
management has been prioritized the last decade with a cross-agency 
strategy and action plan", says Guro Sørnes Kjerschow, special advisor 
for climate change adaptation, City of Osloand and adds,

"Increasing mean temperatures, heatwaves and droughts is more unk-
nown to Oslo, but has gradually become more prevalent and the climate 
projections inform that these challenges will become more serious also 
in Oslo. Increasing temperatures results in more subtle challenges to 
public health and nature. Therefore, the municipality are developing 
solutions to manage higher temperatures, especially for vulnerable 
population groups, in addition to strengthening biological diversity. We 
experience that many nature-based solutions to manage storm water 
is also beneficial for increasing temperature related challenges, such 
as securing green areas, planting threes, and reopening streams.” Guro 
Sørnes Kjerschow explains.

Predicted heatwave impact46
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retrofitting existing buildings with heatproofing measures such as 
white and green roofs, sun blinds and easy-to-open windows.

The adaptation strategy also states an intention to “keep the people 
of Rotterdam well-informed about heat stress” to encourage behavio-
ur change, though it is unclear exactly how this was operationalised. 
City planners state they will be working on a Rotterdam heat plan for 
2028.

Vulnerable Communities: Engagement and Impact
Rotterdam developed an Interactive Climate Atlas used to create a 
city-wide heat risk map highlighting the UHI effects by 2050 and 
focusing on the concentrations of vulnerable communities like the 
elderly and nursing homes, as well as offices.

Rotterdam 
Climate Resilience Plans: Key Heat Policies
Rotterdam has over a decade of experience implementing heat 
resilience measures. Today, the city identifies heat as a key risk factor 
influencing climate, biodiversity and health crises. It aims to adapt to 
extreme heat through policy implementation in four key areas: public 
spaces, existing properties, new properties, and ‘residents in motion’.

Incorporating nature-based solutions in public spaces was a key 
focus area in its 2013 Climate Change Adaptation strategy. It included 
the expansion and creation of new blue-green networks, incorpora-
ting more flora and less paving into urban spaces, and increasing the 
number of green roofs and facades throughout the city. 

Infrastructure policies include encouraging heatproofing measures 
as standard at the design phase for all new construction projects and 

Rotterdam is experiencing longer periods of drought and more 
frequent and intense heatwaves,72 with heatwaves labelled one 
of the “key shocks and stresses” impacting the city.

Additionally, these heatwaves are exacerbated by the UHI effect, 
which causes the city to be up to 8 degrees warmer than the 
surrounding countryside.73 

Current heatwave impact

Since 2019, we have been mapping and 
using all kinds of data in WeerWoord  
Rotterdam. There is also a national  
programme for measuring heatwaves  
to reduce heat stress. Inclusive Climate  
Action Rotterdam (ICAR), a part of Weer-
Woord, is putting a lot of effort into  
inclusive climate action, and making  
sure that the policies and projects we  
develop reach as many Rotterdammers  
as possible.

Johan Verlinde, programme manager, Rotterdams WeerWoord

Predicted heatwave impact46
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Stockholm
Climate Resilience Plans: Key Heat Policies
One-third of Swedish municipalities have developed routines, check-
lists and action plans to counter extreme heat,80 although Stockholm 
has not.

The Stockholm Environment Programme for 2020-2023 does, 
however, identify the need to create an action plan for heatwaves. 

Example mitigation measures identified by the city include:
•  A risk and vulnerability analysis for city operations
•  Nature-based solutions
•  Temperature-lowering measures on buildings
•  Cool rooms in homes
•  Rainwater collection81

 
Case Study: Stockholm Heat, Senseable Stockholm Lab
In 2021-2022, the City of Stockholm, in partnership with global uni-
versities and other public institutions, combined data from low-cost 
sensors on vehicles with existing data on forest and other tree-cover 
habitats to measure ambient and ground temperatures and quan-
tify greenery at street level, in order to assess the benefits of urban 
greenery at the hyperlocal level.

Source: Stockholm Heat | KTH (senseablestockholm.org)

Vulnerable Communities: Engagement and Impact
Our interview with city representatives highlighted several measures 
the City of Stockholm is developing and collaborating on to increase 

Climate change is faster in Sweden than the global average, 
with temperatures already nearly 2°C higher than the pre-indu-
strial average and rising higher in Stockholm.74,75 

Heatwaves are rare in Sweden compared with southern Europe,76  
yet the last decade has brought the three hottest years since 
194577  with record-breaking 2018 heatwaves directly attri-
butable to anthropogenic climate change.78  These resulted in 
drought and wildfires across the country.79 

Current heatwave impact

It is important to realise that climate adapta-
tion is about managing risks in many ways. If 
you link up with others who also do this, you 
can benefit greatly.

Karin Dhakal, strategist at the City of Stockholm administration

the resilience of vulnerable communities to extreme heat. These 
include:

-   City-wide heat analysis and vulnerability mapping focussed on 
schools, preschools, retirement homes and areas of the city with a 
high proportion of elderly residents.82 

-   Targeted messages sent to businesses warning about high tem-
peratures, giving them sufficient time to prepare for the heat and 
reducing economic vulnerability.

-   MiCasa – the primary provider of residential care homes and 
serviced housing apartments owned by the city – have conducted 
mappings for their buildings, ensuring efficient, targeted mainte-
nance of homes experiencing heat stress.

-   Installation of thermometers in schools to inform city policy on 
school opening times during the summer months.

Predicted heatwave impact46
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European cities are facing a pivotal moment in their approach to 
managing the increasing severity and frequency of heatwaves.  

Our case study cities have taken some key steps in the right direc-
tion. They have emphasised nature-based solutions across green 
and blue infrastructure, integrating heatwave adaptation measures 
into planning legislation and conducting limited GIS mapping.

However, cities across Europe are still learning how to mitigate and 
adapt to the risks posed by heatwaves to residents, services and 
assets.

Only a select number of cities have dedicated adaptation teams 
who have planned for heatwaves. This is particularly true for  
Northern European cities, where heatwaves are a relatively new 
and uncommon phenomenon.

Climate equality - data and vulnerability mapping needed
Beyond investment in green-blue infrastructure and technological 
innovation, there is an urgent need to pivot towards participatory 
policymaking informed by city-to-city learning and centred on 
those most affected by heat extremes.

This emerging challenge exposes significant gaps in urban 
heatwave adaptation policies, particularly with regards to vulne-
rable populations. While cities recognise the correlation between 
heatwaves and negative health outcomes, the concept of climate 
equality remains underrepresented in urban resilience planning. 
This absence is exacerbated by granular data and vulnerability 
mapping across cities, with little to no monitoring and evaluation 
available for current adaptation policies across the board.

For policymakers and urban practitioners, it is imperative to 
prioritise the development of comprehensive heatwave-response 
strategies informed by robust empirical evidence and grounded in 

principles of climate equality, ensuring safety measures for especially 
vulnerable populations.

Resilience and governance 
Resilience is a broad and contested concept, with each case study 
city offering a slightly different definition. The cities all had a com-
mon focus on adapting urban infrastructure to the changing climate. 
However, resilience and adaptation were not immediately and 
explicitly linked to vulnerable communities by all of them. Developing 
a holistic and nuanced understanding of resilience, in line with trans-
formational adaptation, is essential to ensuring just and equitable 
responses to heatwaves.

Due to links to net zero, health and urban planning, resilience is a 
cross-departmental and cross-partner issue for cities that requires 

Conclusions

collaboration and leadership from multidisciplinary expert networks. 
Cities simply do not have the power to do everything themselves – 
they require collaboration and an evolution in governance models. 
 
Financing presents a challenge, emphasising the need for cost- 
effective measures and innovation in business models to address 
heat-related issues effectively.

In the face of accelerating polycrises, cities can design heatwave re-
sponses that are not only effective but equitable, ensuring that every 
resident can withstand the heat and thrive. Cities have the informa-
tion and understanding needed for cooler, liveable cities. Now is the 
time to act and build the resilient cities of tomorrow, today.

While some progress has been 
made, there is still a gap in urban 
heatwave adaptation policies, 
especially concerning vulnerable 
populations
Séverine Hermand, Architect,  climate resilience planning.
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Invest in knowledge-building

Set long-term visions and short-term actions: Set long-term goals 
for heat resilience, aiming towards 2100, and then work backward to 
trace the steps needed to achieve those goals. This helps clarify the 
necessary goals and actions for the medium and the short term.

Make action plans and set priorities: For policymakers and urban 
practitioners, it is imperative to prioritise the development of compre-
hensive heatwave response strategies. These strategies should be 
informed by robust empirical evidence and grounded in principles of 
climate equality, like accessibility and fair distribution of resources.

Test, monitor, assess and adjust:  Approach heat management in the 
same proactive manner as water management – through testing, 
adaptation and modulation. When implementing blue-green solu-
tions to combat heat, it is crucial to conduct thorough testing and fol-
low-up assessments to ensure that these solutions effectively meet 
the needs of the community and make the desired positive impact. 
 

Innovate and optimise
 
AI, digital twins and IoT

-  Develop advanced AI algorithms to predict and monitor heatwaves, 
allowing for early warnings and proactive planning.

-  Implement smart infrastructure solutions, such as intelligent coo-
ling systems and energy-efficient designs, to reduce the urban heat 
island effect and provide cooling in high-risk areas.

-  Utilise digital twins of cities or specific regions to simulate and op-
timize urban planning strategies, including the placement of green 
spaces, shading structures, and cooling measures.

-  Incorporate IoT sensors and data analytics to gather real-time infor-
mation on temperature, humidity, and air quality, enabling targeted 
interventions and resource allocation during heatwaves.

-  Enable and optimise  the use of renewable energy sources and  
energy-efficient technologies to reduce heat-related energy 
consumption and greenhouse gas emissions.

Develop ecological networks and cooling corridors

-   Develop urban cooling corridors: Create visions and plans to confi-
gure networks of open spaces at the city level, reinforcing existing 
landscape and green-blue structures, connecting the missing 
links and providing the framework to incrementally create cooling 
corridors at the city level that have high ecological value.

-   Create multifunctional open spaces: Many blue-green solutions 
can effectively manage both stormwater and heat. These solutions 
optimise land use efficiency and prioritise biodiversity and social 
sustainability.

-   Optimise building orientation: The orientation of buildings towards 
the outdoor environment is vital. Buildings can serve as a signifi-
cant component of shading functionality.

 
Upgrade systems and networks with nature-based solutions

-   Develop nature-based solutions: Improve existing mobility 
infrastructure through nature-based solutions. These are actions 
that protect, sustainably manage and restore natural or modified 
ecosystems in order to address societal challenges effectively 
and adaptively while providing human well-being and biodiversity 
benefits.

-   Define the role and goal of greenery: Set specific objectives and 
desired outcomes that greenery should achieve in the project, like 
improving air quality or providing recreational spaces by selecting 
appropriate plant species and implementing green infrastructure 
techniques, for instance. Identify the critical factors and require-
ments necessary for a successful implementation, such as site 
conditions and collaboration with stakeholders.

-   Optimise paved surfaces: Another multifunctional approach involves 
integrating heating adaptation with mobility strategies in cities. By 
reducing space for cars through measures like reducing lanes and 
implementing one-way streets, more space becomes available for 
greenery.

Increase building performance
-   Design high-performance buildings with advanced technology to 

remain functional even in extreme heat. Incorporate effective venti-
lation and cooling systems during construction. Engage with users 
to understand their needs. Consider ceiling height, awnings, blinds 
and operable windows to mitigate solar radiation and heat buildup.

-   Redesign building regulations: In the Nordic countries, today’s  
building regulations are designed to keep heat inside and cold  
outside. However, in light of the increasingly warmer climate, we  
need to rethink these regulations. 

 

Recommendations for heatproofing European cities 

The presence of extensive green areas in a  
neighborhood can help lower the overall 
average temperature, but higher surface 
temperatures in specific residential and 
commercial areas can still be problematic, 
especially in schools, elderly care, and 
health facilities. 

Laura Roemer, Water and Climate department, Sweco Denmark



         Urban Insight by Sweco – Building heatwave resilience in European cities     28          

Co-create
 

Establish heatwave governance: Cities need to create crisis teams 
dedicated to managing heatwaves, mirroring the approach taken for 
heavy rainfall and floods.

Set cooperation frameworks: City networks offer significant bene-
fits for climate adaptation and resilience. They facilitate city-to-city 
learning through the sharing of best practices and increase access to 
funding opportunities.

Raise awareness and involvement: Enhance public awareness, educa-
tion and participation, cities can harness local knowledge, resources 
and creativity to develop more effective and inclusive climate adapta-
tion measures. 

Extend heatwave mapping: Mapping vulnerable groups in relation to 
heatwaves is crucial. In addition to geographic information systems 
(GIS), alternative data gathering methods such as citizen science can 
be leveraged. Citizen science provides precise data on fine-grained 
contexts and helps raise awareness and foster community engage-
ment.

Co-create: Engage intended users in the design process. For instance, 
educators should be consulted when designing a preschool play-
ground. It’s crucial to designate responsibility for playground upkeep 
upfront. Besides greenery, immediate shade solutions like pergolas or 
sunshades are vital, especially since newly planted trees take years to 
mature.

 Empower communities: Proactive measures are crucial in helping vul-
nerable populations cope with extreme heat. Cities and organisations 
can engage with these groups to implement strategies, such as setting 
up cooling centres, providing multilingual heat safety information and 
offering assistance with utility bills or access to air conditioning units 
during heatwaves.

There is a lack of emphasis on 
climate equality in urban re-
silience planning. This gap is 
compounded by limited data 
and vulnerability mapping 
within cities, and insufficient 
monitoring and evaluation of 
existing adaptation policies.
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Feel free to contact us with your questions and thoughts. E-mail: urbaninsight@swecogroup.com

About the authors

Séverine Hermand, PhD,  
Climate resilience planning expert.  
Sweco Belgium

Kristina Holmblad, Landscape  
Architect, Sweco Norway

Filemon Wolfram, Urban Designer,  
Land Use Planning, Sweco Finland

Enrico Moens, Programme Manager and 
Senior Expert, climate change adaptation 
in the urban planning and environmental 
division, Sweco Netherlands

Dr. Katherine Maxwell, Technical Director, 
Net Zero Cities, Asset Management,   
Sweco UK

David Hirdman, PhD, Climate Change  
Adaptation Strategist, Sweco Sweden

Laura Roemer, Water and climate expert, 
Sweco Denmark

Special thanks to contributing experts:

-  John Rembowski, Net Zero Consultant, Asset Management, 
Sweco UK

- Lucas Nieuweboer, Urban Planner, Sweco Netherlands
-  Anais-Marie De Keijser, PhD, Climate resilience planning 

expert, Sweco Belgium.
- Jens Aerts, Civil Engineer and Urban Planner, Sweco Belgium
-  Diego Luna Quintanilla, Project Manager and  

Urban Designer, Sweco Belgium
-  Hampus Nilsson, Consultant Environment & Planning,  

Sweco Sweden
-  Helene Piellard, Carbon Management Consultant,  

Asset Management, Sweco UK
- Camilla Hvid, Head of Sustainability, Sweco Denmark 
-  Caitlin Hill, Team Manager, Decarbonisation Advisory  

Services, Sweco UK
- Elle Bartleet, Carbon Consultant, Asset Management, Sweco 
-  Joseph F. MacNamara, Carbon Management and Climate  

Resilience Consultant, Asset Management, Sweco UK 
-  Karin Dhakal, strategist at the City of Stockholm  

administration
-  Johan Verlinde, Programme Manager, Rotterdams  

WeerWoord
-  Guro Sørnes Kjerschow, Special Advisor for climate change 

adaptation, City of Oslo
-  Susanna Kankaanpää, Project Manager, adaptation to 

climate change at City of Helsinki
-  Pascale Van Der Plancke, Climate Policy Advisor at the City 

of Brussels



         Urban Insight by Sweco – Building heatwave resilience in European cities     30          

Reference list
 1)   Stanford University. (2023). Global carbon emissions from fossil fuels reached record high in 2023. University of Exeter and Stanford Doerr 

School of Sustainability. https://sustainability.stanford.edu/news/global-carbon-emissions-fossil-fuels-reached-record-high-2023

 2)   Seneviratne, S.I., X. Zhang, M. Adnan, W. et al. (2021). Weather and Climate Extreme Events in a Changing Climate. In Climate Change 2021: 
The Physical Science Basis. Contribution of Working Group I to the Sixth Assessment Report of the Intergovernmental Panel on Climate 
Change. Cambridge University Press, Cambridge, United Kingdom and New York. doi: 10.1017/9781009157896.013.

 3)   Romanello, M. et al. (2023). The 2023 report of the Lancet Countdown on health and climate change: the imperative for a health-centred 
response in a world facing irreversible harms. The Lancet, Volume 402, Number 10419, p2265-2394. DOI: https://doi.org/10.1016/S0140-
6736(23)01859-7

 4)   World Meteorological Organisation (2020) (Online resource) https://community.wmo.int/en/activity-areas/urban/urban-heat-island

 5)   Liu, Z., Zhan, W., Bechtel, B. et al. (2022). Surface warming in global cities is substantially more rapid than in rural background areas. Commun 
Earth Environ 3, 219. https://doi.org/10.1038/s43247-022-00539-x

 6)   Guerreiro, S, B. et al. (2018). Future heat-waves, droughts and floods in 571 European cities. Environ Res, Lett, 13 034009.  
https://iopscience.iop.org/article/10.1088/1748-9326/aaaad3/meta

 7)   Harvey, C. et al. (2023). 60,000 People Died from Blistering European Heat Waves, New Analysis Finds. SCIAM.  
https://www.scientificamerican.com/article/60-000-people-died-from-blistering-european-heat-waves-new-analysis-finds/

 8)   García-León, D., Casanueva, A., Standardi, G. et al. (2021). Current and projected regional economic impacts of heatwaves in Europe.  
Nat Commun 12, 5807. https://doi.org/10.1038/s41467-021-26050-z

 9)   Paddison, L. (2021). How the rich are driving climate change. BBC.  
https://www.bbc.com/future/article/20211025-climate-how-to-make-the-rich-pay-for-their-carbon-emissions

 10)   Data from World Urbanization Prospects - Population Division - United Nations. (Online resource) https://population.un.org/wup/DataQuery/

 11)   Zhao, Q, Z. Guo, Y. et al. (2021). Global, regional, and national burden of mortality associated with non-optimal ambient temperatures from 
2000 to 2019: a three-stage modelling study. The Lancet Planetary Health. Volume 5, ISSUE 7, E415-E425. DOI:  
https://pubmed.ncbi.nlm.nih.gov/34245712/

 12)   Vicedo-Cabrera, A.M., Scovronick, N., Sera, F. et al. (2021). The burden of heat-related mortality attributable to recent human-induced climate 
change. Nat. Clim. Chang. 11, 492–500. https://doi.org/10.1038/s41558-021-01058-x

 13)   Masselot, P. Mistry, M. et al. (2023). Excess mortality attributed to heat and cold: a health impact assessment study in 854 cities in Europe. 
The Lancet Planetary Health. Volume 7, ISSUE 4, E271-E281. DOI: https://doi.org/10.1016/S2542-5196(23)00023-2

 14)   Rai, M. et al. (2023). Heat-related cardiorespiratory mortality: Effect modification by air pollution across 482 cities from 24 countries.  
Science Direct. Environment International, Volume 174, 107825. https://pubmed.ncbi.nlm.nih.gov/36934727/

 15)   Reckien, D. Buzási, A. Olazabal, M. et al. (2023). Guest post: How climate adaptation plans for European cities are gradually getting better. 
Carbon Brief. https://www.carbonbrief.org/guest-post-how-climate-adaptation-plans-for-european-cities-are-gradually-getting-better/

 16)   Nesbitt, L. Meitner, M, J. et al. (2018). Who has access to urban vegetation? A spatial analysis of distributional green equity in 10 US cities. 
ScienceDirect. Landscape and Urban Planning, Volume 181, https://www.sciencedirect.com/science/article/abs/pii/S0169204618307710

 17)   Sun, Y. Saha, S. et al. (2022). Literature Review Reveals a Global Access Inequity to Urban Green Spaces. Sustainability 2022, 14(3), 1062. 
MDPI. DOI: https://doi.org/10.3390/su14031062

 18)   Schinasi, LH. Benmarhnia, T. De Roos, A, J. (2017). Modification of the association between high ambient temperature and health by urban 
microclimate indicators: A systematic review and meta-analysis. Environ Res. 2018 Feb;161:168-180. doi: 10.1016/j.envres.2017.11.004. 
Epub 2017 Nov 14. PMID: 29149680.

 19)   EXHAUSTION consortium (2024). Exposure to heat and air pollution in Europe – Cardioplumonary impacts and benefits of mitigation and 
adaptation. Squarespace.  
https://static1.squarespace.com/static/5df205d0fc4ca35b4eb448f0/t/6654812101dd2d42023e4443/1716814132748/White+Paper+Ex-
haustion+Final+May+2024.pdf

 20)   UCCRN. (2018). The future we don´t want. How Climate Change Could Impact the World´s Greatest Cities. UCCRN Technical Report.  
https://www.c40.org/wp-content/uploads/2023/04/1789_Future_We_Dont_Want_Report_1.4_hi-res_120618.original-compressed.pdf

 21)   European Environmental Agency, 2023 Heatwaves and other climate-related extremes are threatening health, especially for the most vulnerable, 
https://www.eea.europa.eu/en/newsroom/editorial/heatwaves-and-other-climate

 22)   Mehiriz, K. (2024). The effects of attitudes, norms, and perceived control on the adaptation of elderly individuals and individuals with chronic health 
conditions to heatwaves. BMC Public Health. 2024 Jan 22;24(1):256. doi: 10.1186/s12889-024-17712-w. PMID: 38254049; PMCID: PMC10804534.

 23)   Reckien, D. et al. (2023). Quality of urban climate adaptation plans over time. npj Urban Sustainability.  
https://www.nature.com/articles/s42949-023-00085-1

 24)   UNEP. (2021). Beating the heat: A sustainable cooling handbook for cities. ISBN: 978-92-807-3894-0.  
https://www.unep.org/resources/report/beating-heat-sustainable-cooling-handbook-cities

 25)   Moens, E. Hand, A. Hegger, D. (2020). Building resilience: being young and getting old in a hotter Europe. Sweco Urban Insight.  
https://www.swecogroup.com/wp-content/uploads/sites/2/2022/12/report-building-resilience.pdf

 26)   IPCC. (2022). Summary for Policymakers, Climate Change 2022: Impacts, Adaptation and Vulnerability.  
https://www.ipcc.ch/report/ar6/wg2/downloads/report/IPCC_AR6_WGII_SummaryForPolicymakers.pdf

 27)   Van Mechelen, C. Quintanilla, D, L. (2024). From grey to green – Resilient transport infrastructure through nature-based solutions. Sweco Urban Insight.  
https://www.swecogroup.com/wp-content/uploads/sites/2/2023/10/White-paper_Resilient-infrastructure-through-nature-based-solutions-1.pdf

 28)   Iungman, T. et al.  (2023). Cooling cities through urban green infrastructure: a health impact assessment of European cities. The Lancet, Volume 401, 
Issue 10376, 2023. https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(22)02585-5/abstract

 29)   Tye, S. Suarez, I. (2021). Locally Led Climate Adaptation: What is needed to accelerate action and support?. World Resources Institute.  
https://publications.wri.org/locally-led-climate-adaptation

 30)   UNEP. (2021). Beating the heat: A sustainable cooling handbook for cities. ISBN: 978-92-807-3894-0.  
https://www.unep.org/resources/report/beating-heat-sustainable-cooling-handbook-cities

 31)   Fedele. G. Donatti, C, I. Harvey, C, A. Hannah, L. Hole, D, G. (2019). Transformative adaptation to climate change for sustainable social-ecological sys-
tems. DOI: 10.1016. ELSEVIER, Environmental Science and Policy. https://www.sciencedirect.com/science/article/pii/S1462901119305337

 32)   Schipper, L. (2020). Maladaptation: When Adaptation to Climate Change Goes Very Wrong. Cell Press.  
https://www.cell.com/one-earth/pdf/S2590-3322(20)30483-8.pdf?deliveryName=FCP_9_DM216795&deliveryName=DM216795

 33)   IPCC. (2022). Climate Change 2022: Impacts, Adaptation and Vulnerability. Working Group II Contribution to the Sixth Assessment Report of the Inter-
governmental Panel on Climate Change. https://report.ipcc.ch/ar6/wg2/IPCC_AR6_WGII_FullReport.pdf

 34)   NAP Global Network. (2023). Public Engagement on Climate Change Adaptation, A briefing for developing country National Adoptation Plan teams.  
https://napglobalnetwork.org/wp-content/uploads/2023/09/napgn-en-2023-public-engagement-on-climate-change-adaptation.pdf

 35)  Munzert, M. Greer, E. (2024). How Hot Cities are Fuelling Inequalities. Cities Alliance. 

 36)   van Loenhout, J.A.F., Guha-Sapir, D. (2016). How resilient is the general population to heatwaves? A knowledge survey from the ENHANCE project in 
Brussels and Amsterdam. BMC Res Notes 9, 499 (2016). https://doi.org/10.1186/s13104-016-2305-y

 37)   Climate Action Tracker. (2024). Tracking Climate Action: How the World Can Still Limit Warming to 1.5°C. https://climateactiontracker.org/

 38)   Salvia, M. et al. (2021). Will climate mitigation ambitions lead to carbon neutrality? An analysis of the local-level plans of 327 cities in the EU.  
ScienceDirect. https://doi.org/10.1016/j.rser.2020.110253

 39)   Haupt, W., Zevenbergen, C., van Herk, S. (2021). City-to-City Learning Within City Networks to Cater City Needs to Climate Adaptation—Results of a 
Preliminary Study. In: Hülsmann, S., Jampani, M. (eds) A Nexus Approach for Sustainable Development. Springer, Cham.  
https://doi.org/10.1007/978-3-030-57530-4_14

 40)   PROVIDE: Climate Risk Dashboard. https://climate-risk-dashboard.climateanalytics.org/

 41)   Climate Analytics (2024), Provide Climate Risk Dashboard, (online resource) https://climate-risk-dashboard.climateanalytics.org/ 



         Urban Insight by Sweco – Building heatwave resilience in European cities     31          

42)   Ridder, K, D. Couderé, K. et al. (2020). Evaluation of the socio-economic impact of climate change in Belgium. VITO, KENTER, ECORES.  
https://climat.be/doc/seclim-be-2020-finalreport.pdf

 43)   IRM. (2019). Rapport climatique 2020, De línformation aux services climatiques. https://climat.be/doc/kmi-irm-rapport-2020-complet-fr.pdf

 44)   UNFCCC. (2017). Belgium´s seventh national communication and third report on Climate Change, under the United Nations framework con-
vention on climate change. https://unfccc.int/sites/default/files/resource/7319685_Belgium-NC7-BR3-1-NC7_EN_LR.pdf

 45)   UNFCCC. (2017). Heatwave is defined here as: “a period of minimum five consecutive days with a maximum temperature of at least 25°C, 
where the maximum temperature is greater than or equal to 30°C for at least three days” (ibid.)

 46)   PROVIDE: Climate Risk Dashboard. https://climate-risk-dashboard.climateanalytics.org/

 47)   City of Brussels. (2022). City of Brussels Climate Plan. City of Brussels climate plan. https://www.brussels.be/climate-plan

 48)   Leefmilieu Brussels. (2023). Plan Réginal Air-Climat-Energie. https://document.environnement.brussels/opac_css/elecfile/PACE_FR.pdf

 49)  Leefmilieu Brussels. (2023). Ibid, p.44

 50)  Danish Meteorological Institute (DMI) (online resource). https://www.dmi.dk/vejrarkiv/vejrekstremer-danmark

 51)   The Local Danmark. (2020). Denmark’s heatwave to come to thunderous conclusion.  
https://www.thelocal.dk/20200817/denmarks-heatwave-to-come-to-thunderous-conclusion

 52)   The Local Danmark. (2021). Denmark to swelter in summer heat wave from Thursday: DMI.  
https://www.thelocal.dk/20210614/denmark-to-swelter-in-summer-heat-wave-from-thursday-dmi

 53)   Bagge, A. Jonssen, A, R. (2022). Ekstrem varme gav rekorder på stribe: Så varmt blev det i hovedstadsområdet. Kosmopol, tv2.  
https://www.tv2kosmopol.dk/region-hovedstaden/ekstrem-varme-gav-rekorder-paa-stribe-saa-varmt-blev-det-i-hovedstadsomraadet

 54)   Ministry of Environment of Danmark. (2011). Copenhagen Climate Adaptation Plan. Copenhagen, Miljø Metropolen. https://en.klimatilpasning.
dk/media/568851/copenhagen_adaption_plan.pdf

 55)  HOFOR. (2024). District cooling. https://www.hofor.dk/english/hofor-utilities/district-cooling/

 56)   IOP Conference Series: Earth and Environmental Science, Vulnerability to heat-related morbidity in Copenhagen, Denmark (2009) (Online 
resource) https://iopscience.iop.org/article/10.1088/1755-1307/6/14/142034

 57)   City of Helsinki. (2017). Climate-smart Helsinki - Towards more sustainable city planning. Helsinki suunnittelee 2027:4. ISSN 0787-9075. 
https://www.hel.fi/hel2/ksv/julkaisut/esitteet/esite-2017-4-en.pdf

 58)   Juhola, S. (2019). The climate risk of heat waves in cities? Assessing uncertainties in vulnerability and risk maps. University of Helsinki. 
https://www.helsinki.fi/en/helsinki-institute-sustainability-science/news/climate-risk-heat-waves-cities-assessing-uncertainties-vulnera-
bility-and-risk-maps

 59)   City of Helsinki. (2019). Helsinki´s climate change adaptation policies 2019-2025. ISSN, 2323-8135.  
https://www.hel.fi/static/kanslia/Julkaisut/2019/Helsinki-climate-change-adaptation-policies-2019-2025.pdf

 60)  City of Helsinki. (2019). Ibid.

 61)   Helsinki region's environmental services HSY, Climate-induced social vulnerability in the metropolitan area (2016),  
https://www.hsy.fi/globalassets/ilmanlaatu-ja-ilmasto/tiedostot/hsy-ilmastolahtoinen-sosiaalinen-haavoittuvuus_2016.pdf

 62)   Carter, T. et al. (2024). Climate Change and Health: Adapting to Mental, Physical and Sociental Challenges (CHAMPS). Finnish Environment 
Institute. https://www.syke.fi/projects/champs

 63)  Climate-Change-Vulnerability-Analysis-for-Oslo-short-version.pdf

 64)   https://www.klimaoslo.no/wp-content/uploads/sites/88/2021/03/Climate-Change-Vulnerability-Analysis-for-Oslo-short-version.pdf

 65)   Nichols, W. (2021). Asian Cities in Eye of Environmental Storm – Global Ranking. Maplecroft.  
https://www.maplecroft.com/insights/analysis/asian-cities-in-eye-of-environmental-storm-global-ranking/#report_form_container

 66)   Einangshaug, M. (2023). From Artic communities to the big city: perceiving and communicating climate risk in a rapidly changing world. 
Experience from Norway. https://uis.brage.unit.no/uis-xmlui/handle/11250/3088448

 67)   City of Oslo. (2020). Climate Strategy for Oslo towards 2030. City of Oslo.  
https://www.klimaoslo.no/rapport/climate-strategy-for-oslo-towards-2030/

 68)  City of Oslo. (2020).  Ibid. p.22

 69)  City of Oslo. (2020). Ibid. pp. 60-61

 70)   Plan- og bygningsetaten. (2024). Brukerveiledning, Norm vegetasjon vannhåndtering (blågrønn faktor). Oslo kommune.  
https://www.oslo.kommune.no/getfile.php/13502092-1706272436/Tjenester%20og%20tilbud/Plan%2C%20bygg%20og%20eiendom/
Byggesaksveiledere%2C%20normer%20og%20skjemaer/Brukerveiledning%20vegetasjon%20og%20vannh%C3%A5ndtering%20-%20
bl%C3%A5gr%C3%B8nn%20faktor.pdf

 71)  Interlace Hub. (2023). Oslotrær - The Oslo Trees integrated project. https://interlace-hub.com/oslotr%C3%A6r-oslo-trees-integrated-project

 72)   City of Rotterdam. (2022). Resilient Rotterdam Strategy 2022-2027, From risks to resilience. The Municipality of Rotterdam.  
https://www.resilientrotterdam.nl/en/download

 73)   RCI. (2013). Rotterdam, Climate Change Adaptation Strategy. Rotterdam. Climate. Initiative Climate Proof (RCI).  
www.urbangreenbluegrids.com/uploads/RCI_-RAS_UK_-DEF.pdf

 74)   Government Offices of Sweden, Ministry of the Environment. (2022). Sweden's Adaptation Communication – A report to the United Nations 
Framework Convention on Climate Change. https://unfccc.int/sites/default/files/ACR/2022-11/ADCOM_Sweden_November_221114.pdf

 75)   City Executive Office. (2020). Environment programme 2020-2023.  
https://start.stockholm/globalassets/start/om-stockholms-stad/politik-och-demokrati/styrdokument/environment-programme-2020-2023_ta.pdf

 76)   City Executive Office. (2020). In Sweden, heatwaves are defined as “a continuous period when the highest temperature of the day is at least 
25 °C for at least five days in a row”. (ibid., p.13)

 77)   SMHI, the Swedish Meteorological and Hydrological Institute (Online resource)  
https://www.smhi.se/kunskapsbanken/meteorologi/temperatur/varmebolja-1.22372

 78)   Wilcke, A, I. Kjellström, E. Lin, C. et al. (2020). The extremely warm summer of 2018 in Sweden – set in a historical context. EGU, European 
Geosciences Union. https://esd.copernicus.org/articles/11/1107/2020/

 79)   Anderson, C. Cowell, A. (2018). Heat Wave Scorches Sweden as Wildfires Rage in the Arctic Circle. The New York Times.  
https://www.hel.fi/static/kanslia/Julkaisut/2019/Helsinki-climate-change-adaptation-policies-2019-2025.pdf

 80)   Government Offices of Sweden, Ministry of the Environment. (2022). Sweden's Adaptation Communication – A report to the United Nations 
Framework Convention on Climate Change. https://unfccc.int/sites/default/files/ACR/2022-11/ADCOM_Sweden_November_221114.pdf

 81)   City Executive Office. (2020). Environment programme 2020-2023.  
https://start.stockholm/globalassets/start/om-stockholms-stad/politik-och-demokrati/styrdokument/environment-programme-2020-2023_ta.pdf

 82)  Miljödataportalen. (2024). Luft och buller. https://miljodataportalen.stockholm.se/



         Urban Insight by Sweco – Building heatwave resilience in European cities     32          

Urban Insight is Sweco’s international knowledge 
platform, where experts come together to develop 
and share insights, facts and solutions for how to plan 
and design sustainable cities and the societies of the 
future. Global and local initiatives will be organised 
throughout the year to inspire and open up discussions 
about sustainable urban planning.

Find out more by visiting our website:  
swecogroup.com/urban-insight


