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During the heatwaves of 2003, 2006 and 2007, many European countries faced the impacts of extreme
heat. In particular, the health impacts received recognition among many European countries and resulted
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in various health action and climate adaptation plans (EEA, 2010). Also in the Netherlands, th
waves raised political awareness (Boezeman and Kooij, 2015) and resulted in considerable rese
the causes of urban heat and the possible adaptation measures to reduce heat risks (e.g. Albers et
and Boezeman and Kooij, 2015). From these studies, the need to take heat adaptation actions in citie
evident. It was decided at a national level that the Netherlands must be as climate-proof as possibl
(Delta Programme, 2015). This implies that greater effort should be made at the planning stage to k
cool during hot summers and to take adaptation plans to reduce urban heat stress. However, at the l
nicipal) level, taking heat adaptation actions is not yet realized. Urban professionals at Dutch loca
ments have indicated that urban heat is hardly perceived as an urgent problem (Runhaar et al., 2
that they need arguments and appealing examples to convince others of the urgency to anticipate
urban heat risks.

With the aim to provide urban professionals with reasons to adapt the built environment to th
urban heat and to help them to get themessage across, we reviewed national and international polic
as well as scientific literature. We outlined the major impacts of urban heat including the reasons to
aptation actions. The question that we expected to answer in this study is: ‘What are the major im
urban heat for cities to start anticipating?’ The studywas carried outwithin the framework of a Dutc
research project ‘Urban climate resilience - Turning climate adaptation into practice’ that supports u
fessionals to build and design climate resilient cities. The paper describes an overview of urban hea
and presents the results of a discussion with a group of Dutch urban planners to investigate the use
this overview for local practice. Additionally, the paper visualizes themost important impacts of urb
a mind map to support urban professionals in communicating the reasons to adapt cities to heat st
paper can therefore be regarded as an applied and descriptive research paper, rather than a comp
review article. It is a step towards answering the larger research question: ‘How is the urgency of h
and adaptation to urban heat assessed?’

2. Reasons for adaptation to heat stress in urban areas

We reviewed national and international climate adaptation strategies and reports and scientific
to identify the reasons why cities need to adapt to urban heat. The reasons strongly link to the im
urban heat, which are often supported by facts and numbers from scientific research. Reasons, im
supporting facts and numbers are presented in the next paragraphs separately for the Netherland
and countries outside Europe.

2.1. Reasons in the Netherlands

As has beenmentioned in the introduction, the urgency for a climate-proof Netherlands has been
the Dutch Delta Programme (2015). This programme states that built-up areas in the Netherland

Table 1
Top 10 natural disasters by number of deaths for 2006.

(Source: UNISDR, 2007).

Hazard type Country Number of deaths

Earthquake, May Indonesia 5778
Typhoon Durian, December Philippines 1399
Landslide, February Philippines 1112
Heat wave, July Netherlands 1000
Heat wave, July Belgium 940
Typhoon Bilis, July China 820
Tsunami, July Indonesia 802
Cold wave, January Ukraine 801
Flash flood, August Ethiopia 498
Typhoon Samoai, August China 373



seriously disrupted by heat-stress in the future due to rising temperatures and the urban heat island effect.
The severe impacts that are highlighted in the report are:
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• A decrease in comfort and liveability of cities
• An increase in heat-related disease and mortality, especially among elderly people (75+)
• An increase in hospital admissions
• A decrease in sleep quality
• A decrease in labour productivity

Some of these impacts have been quantified thoroughly in scientific reports, especially the impa
on mortality. For instance, the number of excess deaths in the Netherlands by the heat wave of 200
timated by Garssen et al. (2005) between 1400 and 2000 [which amounts to 9 to 12 per 100,000 po
Approximately 1000 people died in the Netherlands due to the heat wave of 2006 (UNISDR, 200
100,000 population]. Remarkably, this latter number resulted in a 4th place position of the Ne
among the worldwide deadliest natural disasters for 2006 (Table 1; UNISDR, 2007). This table
that heat waves can have a major impact in the Netherlands, comparable to other worldwide natu
ters. This in itself clearly expresses the urgency of the situation. It should be noted however that d
round table discussions with urban professionals, many question the validity of the data in this
The lack of justification for themortality figuresmeans that it is difficult to use this information for p
the heat adaptation message.

Huynen et al. (2001) investigated the relationship between temperature andmortality in theNe
It showed that mortality increases by 12% per heat wave day, which amounts to 40 extra death
Huynen et al. (2008) also indicated that by 2050, increased heat stress could imply hundreds of ex
per year in the Netherlands. Another study (Rovers et al., 2015) concluded that during heat wav
mortality in the Netherlands increases by 8 extra people for every degree above 20 °C.

On city level, the adaptation strategies of TheHague (StadsgewestHaaglanden, 2011) and Rotter
of Rotterdam, 2013) describe risks related to urban heat in great detail. Both cities regard heat stress
the important issues of their climate adaptation strategies. Apart from the impacts that have been lis
by the Dutch Delta Programme (2015), these reports mention:

• A decrease in comfort in houses, offices and other buildings
• An increase in energy and water demand for cooling
• Changing patterns in flora and fauna (mosquitoes, ticks and blue algae)
• A decrease in water quality (surface water, swimming water and drinking water)
• Damage to infrastructure (bridges, railways, melting asphalt)
• An increase in the vulnerability of utilities, ICT networks and data centres

The climate change adaptation strategy of Rotterdam illustrated the impacts of urban heat by re
the heatwave of 2006 which resulted in 41 excess deaths for Rotterdam [7 per 100,000 population
summer of 2006 also led to 600 heat-related reports at the general practitioners in the region of R
(City of Rotterdam, 2013).

Interestingly, the adaptation strategy of The Hague (Stadsgewest Haaglanden, 2011) also explic
the positive consequences of heat, namely:

• An increase in recreation near lakes and along the coast
• An increase in use of outdoor spaces

2.2. Reasons in Europe

2.2.1. European Environmental Agency
For Europe, the European Environmental Agency (EEA) extensively described the reasons fo

adapt to more heat waves in their report ‘Urban adaptation to climate change in Europe’ (EEA,
this report, the impact of heat on mortality is a strong argument for the urgency to take adaptatio



to urban heat. The effects of heat on mortality are demonstrated by a few studies and numbers. For instance,
EEA (2010) shows that extreme temperatures have causedmost human fatalities of all natural disasters in Eu-
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rope in the recent decades (Table 2). The mortality rate due to extreme temperature events in this
clude the combined deaths resulting from hot and cold spells. Between 1998 and 2009, cold spe
approximately 1900 fatalities, leaving heat waves and hot weather events the most deathliest natur
(EEA, 2010).

If we consider all heatwaves in recent decades, the August 2003 heatwave is probably themost f
mentioned heat wave in reports and scientific literature. This heat wave caused up to 70,000 excess
Europe, mainly in Central and Western Europe (EEA, 2012). The number of deaths due to the heat
2006 and 2007 combined was less and was estimated at about 3000 in Europe (EEA, 2010).

Besides heat-related mortality, the European Environmental Agency (EEA, 2012) also describes
pacts related to urban heat. A total list of impacts are:

• An increase in heat-related mortality
• A decrease in health and well-being (psychological impacts, violence and social unrest)
• A decrease in water resources (pollution and shortage)
• An increase in economic costs and damage to infrastructure (reduced productivity, pressure on h
and emergency services, failure by transport networks, increases in cooling demand and failure
supplies)

• Changes in patterns of vector-borne diseases

2.2.2. Copenhagen
Among the European cities, Copenhagen is leading in climate adaptation. In 2011, Copenhagen

the Copenhagen Climate Adaptation Plan (Copenhagen, 2011). This report concludes that more an
downpours in the future and higher sea levels are the primary climate challenges for Copenhage
not amajor issue for Copenhagen, since heatwaves very rarely occur in the current climate. Howeve
pected that heat events may pose challenges for Copenhagen in the future. Three impacts relate
clearly mentioned in the Copenhagen Climate Adaptation Plan are:

• A decrease in the quality of life for Copenhagen population
• An increase in expenditure on energy consumption
• An increase in expenditure on health care

None of these impacts are discussed in further detail in the Copenhagen Climate Adapta
(Copenhagen, 2011). The report reasons that the current adaptation plan of Copenhagen which

Table 2

Overview of the major natural hazards in Europe between 1998 and 2009.
(Source: EEA, 2010).

Hazard type Recorded events Number of deaths

Storm 155 729
Extreme temperature events 101 77,551
Forest fires 35 191
Drought 8 0
Flood 213 1126
Snow avalanche 8 130
Landslide 9 212
Earthquake 46 18,864
Volcano 1 0
Oil spills 9 n/a
Industrial accidents 339 169
Toxic spills 4 n/a
Total 928 98,972



the promotion of sustainable solutions like cooling, shading and air circulation, will be sufficient to keep
Copenhagen's urban climate pleasant and comfortable.
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2.2.3. London
London emphasizes another aspect of the urban heat risks, namely, the lack of knowledge and t

tainty to clearly define the risk (Greater London Authority, 2011). Their climate change adaptatio
points out that the risk of overheating has only recently been recognized and is therefore poorly un
and managed. Mapping the overheating risk is more difficult thanmapping flood risks, since its vul
varies from location-to-location, building-to-building and person-to-person.

The risks of urban heat that have been listed in this strategy for London are:

• Effects on health and comfort of Londoners
• Impacts on London's infrastructure: buckling railway lines, melting road surfaces
• Increase in water usage
• Increase in energy demand for cooling

The risk of overheating has been illustratedwith the number of excess deaths due to the August
wave. In England andWales, this heat wave caused 2139 excess deaths [4 per 100,000 population]. I
estimated that at least 600 people died in London during this heat wave (Greater London Authorit

The adaptation strategy of London pointed out two other negative impacts of urban heat that
been mentioned earlier, namely:

• An increase in social inequality relating to those who live in poorly designed houses and have littl
to take measures to reduce the heat

• An increase in fire-risk for green spaces

2.3. Reasons outside Europe

Outside Europe, large cities with climate adaptation plans are Vancouver, Melbourne, Johanne
Chicago. The impacts of urban heat for these cities are listed below.

2.3.1. Vancouver
The most relevant climate change impacts that Vancouver will experience are sea level rise, flo

to extreme precipitation events, damage from wind and rain storms, and health impacts from mo
extreme warm temperatures (City of Vancouver, 2012). The priority impacts related to urban heat
tioned in the strategy, are:

• A decrease in health and safety of vulnerable populations
• Water supply shortages
• An increase in vectors for disease and respiratory illness
• Maladapted new and existing buildings to hotter temperatures
• An increase in maintenance and replacement costs for urban forests and green spaces

To illustrate the health risk of extreme heat events for Vancouver, the climate adaptation strateg
the heat wave of 2009 which caused about 122 excess deaths in Vancouver [20 per 100,000 popula
increased emergency room visits.

2.3.2. Melbourne
The adaptation strategy and action plan of Melbourne (Australian Government, 2013) addresse

mate change risks for the city of Melbourne: less rainfall and more droughts, extreme heatwaves a
fires, intense rainfall and storms and sea level rise. The City of Melbourne identified 14 risks for
heat and bushfire events. Among them, 5 risks were considered to be most critical, requiring hig
actions:



• Heat-related mortality and illness
• Stranded passengers and delayed trains due to hot weather
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• Energy blackouts
• Violence and anti-social behavior leading to public nuisance and hospital admissions
• Maintenance costs of assets and infrastructure

The impact of heat-related deaths was demonstrated by a study of Coates et al. (2014). They c
that between 1900 and 2011, 4555 deaths in Australia were attributed to extreme heat. This is m
the total number of deaths from all other natural hazards in Australia (Table 3), which also linewith
bers for Europe (Table 2).

2.3.3. Johannesburg
In 2009, the City of Johannesburg published its climate change adaptation plan (City of Joburg, 2

rated the risks due to rising temperatures and extremeheat events. The four heat riskswhich rated a
ority label requiring adaptation, are:

• An increase in heat-related deaths
• An increase in energy demand and a decrease in air quality
• Stress on water supply
• An increase in disease vectors

Five years later, the City of Johannesburg reported for CDP's cities program additional heat ri
2014):

• A decrease in activity and economic output across the city
• A decrease in quality of life especially for those living in informal settlements

2.3.4. Chicago
The Chicago Climate action plan was set up in 2008 (City of Chicago, 2008). It briefly summariz

guments to adapt to urban heat:

• An increase in heat-related illness
• Deterioration of air quality
• An increase in electricity demand
• An increase in maintenance costs of roads and buildings
• An increase in costs to police and fire services
Table 3
Deaths in Australia in 1900–2011 due to natural hazards and percentage of the total number of deaths due to natural hazards.
(Source: Coates et al., 2014).

Hazard type Number of deaths % of total

Extreme heat 4555 55.2
Flood 1221 14.8
Tropical cyclone 1285 15.6
Bush/grassfire 866 10.5
Lightning 85 1.0
Landslide 88 1.1
Wind storm 68 0.8
Tornado 42 0.5
Hail storm 16 0.2
Earthquake 16 0.2
Rain storm 14 0.2



2.3.5. Environmental Protection Agency of the U.S.A.
In 2008, the Environmental Protection Agency (EPA) of the U.S.A. reported specifically on the impacts of
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summertime urban heat islands (EPA, 2008). This does not refer to changing temperatures due t
change. Interestingly, and in contrast to the previous findings of our study, the EPA does not
human health as the primary reason to be concerned about. The increase in energy demand for co
the accompanying increase in air pollutants and greenhouse gases are the foremost reasons
urban heat islands. The major impacts from elevated temperatures listed in this report include:

• An increase in energy demand for cooling
• An increase in emissions of air pollutants and greenhouse gases
• A decrease in human health and comfort
• A decrease in water quality

The increase in energy demand for cooling is illustrated in the report of EPA by work of Sailo
(2002). This study showed an increase of about 3% percent in urban electric demand for each °C in
summertime temperature, based on data fromNewOrleans. During extreme heat events, the increa
gy demand could overload energy networks and cause an energy blackout.

EPA (2008) clarified the impact of heat onmortality by referring to numbers of the Center of Dis
trol and Prevention. In their ‘Extreme Heat Prevention Guide’ (CDC, 2016), 7415 heat-related death
corded between 1999 and 2010, which is more than the mortalities from all other natural hazard
hurricanes, lightning, tornadoes, floods and earthquakes, combined. This again is consistentwith the
results, found for Australia and Europe.

3. Discussion and conclusions

The results presented in the previous section highlight the large variety of impacts of extreme tem
events for urban environments. Generally, human health and heat-relatedmortality appear to be th
one reasons to take heat adaptation actions. Heat-related mortality has been thoroughly studied in
entific papers and its impact can be illustrated with numerous facts and figures. However, the resu
study also illustrate a large variety of other reasons to adapt cities to rising temperatures, such as a
in living comfort, energy blackouts and water quality problems. These impacts are often less sup
numbers and facts from scientific research. Therefore at this point we see real opportunities
research.

The aim of this study was to provide urban professionals with reasons to adapt the built enviro
the risks of urban heat and to help them to get the message across, with a special focus on the Ne
For this reason,we designed amindmap of themajor impacts of extreme heat events for urban envi
(Fig. 1). The mind map answers the question that we raised in the introduction: ‘What are the majo
of urban heat for cities to start anticipating?’ The map shows the wide variety of impacts of urban
distinguished five clusters of impact: health, open space, liveability, water and infrastructure.

Generally, each impact cluster requires a different type of adaptationmeasure. For instance, to av
duce the health impacts, in particular soft adaptationmeasures are needed. These include a heat wa
tem, a heat action plan, or the preparedness of the health and social care system (EEA, 2012). Infra
problemsmaybe reduced by technological solutions. The negative impacts of heat on the open space
ability of cities could be reduced by adaptation measures in the urban space, urban design or buildin
such as shading devices, ventilation designs, building insulation, water bodies, trees, parks or green

Additionally, it is interesting to note that each of the impacts in Fig. 1 is related differently to extr
perature events: some are clearly dependent on outside temperatures (water quality), while others
ed to inside air temperatures (sleep quality). Some impacts occur or become stronger, after a series o
(comfort in buildings), while other impacts can already happen on a single hot day (buckled bridg

Whether the overview of urban heat risks and the mind map help local professionals in convin
colleagues to take heat adaptation actions has not been extensively investigated in this study. How
discussed this issuewith a group of eight urban professionals during the summer of 2015. The group
of urban planners andwatermanagers from 4Dutchmunicipalities. Amajor conclusion of this discu



Fig. 1. Mind map of the major impacts of extreme heat events for urban environments.
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Image of Fig. 1


that clarifying the impacts of urban heat and scientific facts are often insufficient to get the message across.
Convincing professionals at local governments of the need for climate adaptation is also a political matter
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that needs to fit within the current political ambitions. Additionally, it is an issue regarding budgeti
nancing. Furthermore, themanifestation of heatwaves and extremeheat events is very irregular, at le
Netherlands. This impedes decision maker's ability to take heat adaptation measures.

The discussionwith urbanprofessionals resulted in some recommendationswhich could suppor
getting the heat adaptation measures message across:

• Quantify and show the impacts of extreme heat events for the local level (city or neighborhood), i
achieve more understanding of local impacts.

• Distinguish the impacts of gradual temperature rise from the impacts of extreme temperature ev
• Clarify the ‘problem owners’ of the heat stress risks. This also touches on a study of Runhaar et a
who found that heat stress hardly seems to be perceived as an urgent problem by Dutch urban
mainly because there is no clear ‘problem owner’.

• Couple the message to examples of recent heat events and hazards.
• Learn from and show examples of cities in other (warmer) climatic regions that already have bee
to heat.

• Link the climate and heat stress adaptation goals to other (political) aims.
• Present the impacts of urban heat together with possible solutions and measures of adaptation.
• Present, where possible, the negative impacts of urban heat together with the positive effects.

Although it was not investigated in detail, we believe that the mind map is a useful visual for u
fessionals in communicating the impacts of urban heat. It provides interesting insights and helps
stand the possible actions to adapt to increasing temperatures. To further investigate whether
map helps local professionals in convincing colleagues to realize heat adaptation actions could b
an experimental setup with local professionals. For instance quantified survey results before and
senting the mind map to a few local professionals could demonstrate if the mind map manages to
local professionals. Alternatively, an analysis over time can be performed to investigate if more seri
tationmeasures are taken by professionals after being presented themindmap, compared to a cont

Further research could also focus on the larger research question to which this study contribut
‘How is the urgency of adaptation to urban heat assessed and what impacts play a role?’ This
could be answered by analyzing the climate adaptation strategies, reports and scientific literature in
tail. It could be investigated to what extent some heat wave impacts are often mentioned and othe
mentioned, why this is the case, and how this relates to the history of the institutions fromwhich th
come.
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