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Executive summary

During intense heatwaves in June and July 2019, all -time temperature records were broken in many
locations i n Europe. These events are projected to happen more frequently and become more intense
with cl imate change. Projections show that the number of citizens in the EU and UK exposed to
heatwaves will grow from 10 million/year (average 1981  -2010) to nearly 300 million/year, or more
than half the EU population, in a scenario with 3°C global average warmi  ng by the end of this
century. In case of no adaptation this could result in 9 6,000 fatalities/year from extreme heat,
compared to 2,7 50 annual deaths at present. Curbing global warming to 1.5°C  would limit mortality
from extreme heatto around 30,000 fatalities/year. The rise in exposure to and projected fatalities
from extreme heat is most pronounced in southern Europe. Milder winters will reduce significantly
exposure to and fatalities from extreme cold , nearly 10 -fold with 3°C global average wa rming by
the end of this century .

Current effects of heat and cold extremes

Spells of several consecutive days of unusually high or cold temperatures can have considerable impact on
people.Since 1980 heat and cold waves haveesulted in nearly90,000 fatalities in EuropeA large majority

of the reported fatalities from temperature extremes relate heeatwaves. The mae vulnerableare olderpeople

and those with diseases who have reduced physiological and behavioural capacibefonoregulation, as well

as the poor who have less means for privaggtreme temperaturemitigation (e.g. through air conditioningpr
thermalinsulatior).

Projections of heat and cold extremes  with global warming

Gobal warming will progressively increa the frequency and severity dieatwaves and result in a gradual
decline in the intensity and frequency of extreme cold spells. Both trends are very strong across trelRlX

but are somewhat more pronounced in southdfimropeancountries. In a 3°C waner climate compared to pre
industrial times, a current 5§/ear heatwave may occur almost every yaarSpain and parts of Portugagvery

3 years in most other southern European areas and at least every 5 ygaogher regions of Europe.

base 15/ 2.06/ 3.06/

People annually exposed to
50-yearheatwave(million)

Annual fatalities from
heatwavegx1000)

Figurel. Human exposure to and fatalities frofeatwaves inthe EUand UKfor different warming levels in 2100

Future impacts of heat and cold extremes

The projected change ilmeatwavehazard results in astrongrise inthe number ofpeople exposetb extreme
heat with global warming (Figurel). Even whertemperatures could be stabilized at 1.5°( the end of this
centuryeach yeamore than 100 millioncitizensin the EU and Uldre expected to bexposed to a present 50
yearheatwaveintensity, compared tmearly 10million/'yearunder baseline climate conditior{8981-2010). At
2°G this further grows to 172 million/year. With unmiigated climatechange(3°C in 2100) the nhumber of



people annually exposed to this intensity of hedimbsto nearly 300million per year meaning thatmore than
half of the European populatiooould be exposed each year to a present-§8ar heatwave

Assumingpresent vulnerability and no additionabaptation,annual fatalitiesfrom extreme heatin 2100 could
rise from 2,750 deaths nowto 30,000 at 1.5°C global warmings2,000 at 2°C and?6,000 at 3°C. The rise in
humanexposureto and fatalities from extreme heatis most pronounced in southern European countries and
the highest numbenpf fatalities will ocar in France Italy and Spain

Milder winters will reducexposure to extremeold by 50% at 1.5°Cglobal warming 60% at 2.0°C andmore
than 80% at 3°C (Figure2). The number of reported fatalities in recent years is already much smaller than
those from heatwaves (100 fatalities/year over the period 198@016). This will further drop as a result of
global warming.

base 155/ 2.06/ 3.06 /

People annually exposed to
50-year cold wave (million)

Annual fatalities from
cold waves

Figure2. Human exposure to and fatalities frommold wavesin the EUand UKfor different warming levels in 2100

Total effect of climate change on temperature  -related premature mortality

Global warmingwill result in astrong net increasein exposure to andatalities from temperatureextremes
However this only captures part of the effects otlimate changeon temperaturerelated premature deaths.
The mortality burden attributable tmon-extremebelowoptimum ambient temperature willikely decreasevith
global warmingwhile fatalities linked tonorextreme aboveoptimum temperatureswill increase Currently,
with most of the temperaturerelated mortality burden attributable tononextreme belowoptimum
temperatures ¢old), it is unclear what the net¢ffects of climate changewill be ontotal prematuretemperature
related human mortality.

Socioeconomic drivers of future human risks of heat and cold extremes

Population ageing in Europe, which emerges asnajor demographic trendor the coming decadesgould
further increase the effect on human beings ¢émperature extremeskurther, increasing urbanisation could
amplify the urban heat island effect, which causes urban and metropolitan areas to be signily warmer
than their surrounding rural areasThe combined effects oheatwaves and air pollution might further
exacerbatehuman stress in densely populated areas.

Adaptation to temperature extremes

Evenwith stringent mitigation action and limitinglobal warming to 1.5or 2°C, the risdn people exposed to
extreme heatcould be manifold. Hence, societies will need to increase their resiliencedpe withmore
frequent and intenséneatwaves. There exist a wide range afdaptationmeasuresincludingimproved design
and insulation of houses, schools and hospitaducation and awarenessisingof potential risk factorsand
recommended responseand early warning systemdt is also important to consider other impactd extreme
temperature on ambient qualitysuch asozone pollutionunder heatwaves, in order to identify the most



appropriate responsén the medium to long term(5 to 15 years and over 15 years respectivélyound urban
planningshould aim to minimisghe urbanheat island effect.This can be achieved, for example, ingreasing
tree and vegetative cover, installing green or reflecting roads,using cool pavements (either reflective or
permeable) There is a substantial lack of observations and quéattve information on the effectiveness of
these measuresyet several of then can provideimportant co-benefits, such as reduced energiemand of
thermo-efficient buildings, owater retention and mentahealth benefits of green spaces

Approach

The PESETA IV task on human impacts of heat and cold extremes provides a quantitative assessmiamaiof
exposure to andnortality from these extremes in Europe. The methodology integrates empidigi on human
losses from disasters past climateinformation, EUROSTAT demograptiéda and high resolution climate and
socioeconomic projectiong\s is common to all PESETA IV impact categoriesattadysisfirst evaluates heat

and cold wavamortality in acomparative staticsociceconomicsetting, therefoe only consideing the influence

of the climate changesignal This is dondy comparinghuman impactson present populationinder baseline
climate (1981-2010) and climate at1.5, 2 and 3°C global warming above preindustrial levéisaddition, we
also provide a dynamic socieconomic assessment considering the 2015 Ageing Report projections of
population, and look at how heat and cold extremes at the different warming levels would impact EU population
projected for 2050 and 2100. As a°€warming scendp is unrealistic by miecentury, only the Paris targets
are considered in 20500ur impact estimates do not consider adaptatighe. assumption of unchanged
mortality rates as derived from recent disaster loss records)

1 As defined by CoMO (2016). Mayors Adapt - Reporting Guidelines. Brussels: Covenant of Mayors Office.



1 Introduction

Extreme temperature eventsanresult in disastrous consequenceéscludinglives lost and severe health issues
(Arbuthnotet al., 2016) Notable recent examples in Europe are the 2003 and 2010 mégmtwaves that likely

broke the 500year-long seasonal temperature records over approximately 50% of Europe (Barriopedro et al.,
2011). Also this summerat the end of June andn July 2019, two recordbreakingheatwaves took place in
Western Europe. The spatial extent of broken historical records during thesgsincludes most of France,

the Benelux, Switzerland, Western Germany, Eastern U.K. and Northern Italy. In Belgium and the Netherlands
recorded temperatures exceeded 40°C for the first thne

In Europe,heatwaves are one of the most lethal weatherelated hazarsg. According toHpi d~cfh M™ %nf
NatCatSERVI€Hisaster databasemore than 2000heat-related fatalities per year were reported ithe EU

and UKduring the period 19862017. Climate change effects on health has recently become a key priority for

national, European and global institutions. For the World Health Organization climate change is now among the

four top priorities.

Global warming and the intensification of climate change, with more frequent and intense extreme events, will
have a direct inpact on European population. Many studies investigated future projections of extreme
temperatures andcheatwaves at both global and continental scale (e.g. Meehl and Tebaldi 2004, Russo et al.,
2014, Russo et al., 2015, Lehner et al., 2018, Dosio 20F8ver studiesevaluated themortality due to heat

in view of climate changge.g.,Mora et al., 2017, Gasparrini et al., 2017; Forzieri et al., 20T0.date
projections ofextremeheatwaves and their inpacts for mitigation (1.5C, 2°C) and higher (3C)warming levels

are not available For more obvious reasons, the evolution of cold waves in view of climate change are less well
studied

A better understandingfahe expected changes itemperature extremes can inform policy makeisdevelop
strategies for managing the risk associated wiguch events The scale and nature of the health impacts
observed depends on the timing, intensity and duration of the extreme temperature event, the level of
acclimatisation and adaptation of the local pogtion, infrastructure and institutions available to help the
society in coping with the prevailing climate. As such, the health effects of temperature extremes and the
determinants of exposure and vulnerability are context specific.

We assess the number gieople exposed to extreme temperatures and the number of fatalities from these
extremes. ldman impacts of climate change go much beyond mortality from heat and cold waves assessed in
this study. This includes, for example, infectious disease threats@sed likelihood of vecterand waterborne
diseases and footborne infections, issues with food and nutrition security and agriculture, warming effects on
environmental toxicology, air pollution, forced migration and conflict, and mental health effeatsffther

note that heat and cold extremes only capture part of temperatusdated mortality, and not the total mortality
burden attributable to noroptimum ambient temperature. Studies based on temperafumertality
associations across the whole tempetse range suggest that most of the temperatunelated mortality
burden is attributable tocold Further, the effect of temperature extremes is substantially less than that
attributable to milder but noroptimum weather (Gasparrini et al., 2015).

2 https://www.worldweatherattribution.org/wp -content/uploads/July2019heatwave.pdf
3 https://natcatservice.munichre.com/



2 Methodology

This reportpresentsthe likely evolution of heat and coldvaves and theirisks for the population of Europia

view of global warmingAs an indicator of heat and cold waves we used tHeatWave Magnitude Index daily
(HWMIdand the Coldwave Magnitde Index daily (CWMId) (Russo et al., 20T5jepercentile basedndicators

take into account the length and intensity of events, as both aspects are relevant for human impacts. They have
been forcalculated froman ensemble of higkresolution regional @inate projections for RCP4.5 and RCR8.5
for which the daily temperature projections were biaerrected

Vulnerability here is defined as the human mortality rate, which is the number of fatalities from temperature
extremes as a share of the populatiorxposed to themWe assessed vulnerability to extreme heat and cold on
the basis ofimpactrecords collected from disaster databases during the peri@B80-2016. Information for
each disaster entry include: hazard type, country, year, total number of de#&hsummary of the reported
events is provided iTable /8. From the reported fatalitiesve computed the annual average number of deaths
for each country for both heat and cold extremes.

The heat and cold wave risk assessment is based on the comioinaif the hazard, exposure and vulnerability.
For the baseline (1982010) and 30year time windows around global warming levels (GWLs) of 1.5, 2 and
3°C above preindustrigiemperature we combine the fraction of territory expected to annually experience
harmful intensities of heat or cold waves (see section 1.1.4 of this Annex) with the exposure population layer
(see section 1.2 of this Anneand the mortality rates calculated from the reported fataliti€section 1.3)and
exposed people for the basebn

As is common to all PESETA IV impact analysedijrat evaluated heat and cold impactsf global warming on
present population. This allows us to understand what would be the human impacts if climate conditides
different levels of warmingwould ~ f d hkj n™ _ R j i, fyithgut ahytasédunfptions dbrdsoewtonomic
developments over long time spanfn addition, we also assess the impacts at different warming levats
populationin 2050 and 2100 for the EU Reference soe@onomic scenario (2BLAgeing Report projectiofis
These analyses allow disentangling the effects of climate and demographic chafdgreshuman vulnerability
derived from recent extreme temperature events are assumed constant in the analysis, hence the results
presented do nbinclude any acclimatization to changing climate by people or additional adaptation measures.
Our hazard analysis includes all EU member states plus a numbeaneifhbouringcountries UK, Iceland,
Norway, and Switzerland and Balkan countries). Human atgpare presented for EU countriesd the UK
More details on the metbdology can be found in Annex 1.

4 During the PESETA IV project, the 2018 Ageing proje ctions became available but they could not be incorporated.
Compared to the 2015 Ageing Report, GDP growth pr ojections are slightly lower over the period 2025 -2050 and
marginally higher during 2055 -2070. These updated projections do not affect the main con clusions of this report.



3 Results

In the first part of the results sectiopwe presentthe projected changes in extreme heat and cold waves to
portray heat/cold hazard at highpatial resolutionunder the different warming levelsin the second part, we
present results of the impact analysis, which was derived frohe high resolutionhazard and exposure
informationand then aggregatedo national scale.

3.1 Heat and cold wave hazard

Figure3 shows for the different global warming levels the frequency (in years) dfemtwavethat in baseline
(1981-2010) climate occurs oncevery 20 years. For example, a value of 4 in these maps indicates that a
heatwavethat now happens once every 20 years will happen every 4 years when that global warming level is
reached, or 5 times more frequent. The results show thaatwaves will progessively and significantly increase

in frequency all over Europe with global warming. Even when limiting global warming to 1.5°C, the frequency
of extreme heatwaves would increase thredold nearly everywhere in Europe. A more pronounced
intensification inheatwaves is observed irsouthern Europe, where a current 3@ar heatwaveevent could
occur almost every year under high levels of warming@®. Under 2°C and 3°C warming, most of the EU
territory will face severeheatwaves at least once every three to five years. This implies that Europe will
experience an enhanced probability foeatwaves comparable to or greater in magnitude, extent and duration
than the devastating extreméeatwaves in 2003 and 2010 (Russo et al., 20)5

On the other side, projections for cold waves show an opposite trend, with current cold extremes tending to
gradually disappear in Europe with global warming. Moderate cold waveeé2 return period) will be observed

only every 20 years in many areas Scandinavia, Iceland, UK and in in some areas in Portugal, Spain and Italy
under 3C of warming Figure3).

Robustness of change was used as a measaf uncertainty associated with thprojections According to that
high model agreement is defined whestt least 2/3 of models agree in he sign of change. The projected
changes in hazard intensity and frequenpyesenta high model agreement in the inease (decrease) of heat
(cold) waves for all warming levekhiroughout Europe

3.2 Human impacts of heat and cold waves

Human heat and coldwave vulnerability describes the relationship between the exposure of humans to a heat
or cold wave and the corsponding impacts. Both high and low temperatures, indoors and outdoors, pose
substantial risks to human health, including increases in mortality, morbidity and health servic&abk1
summarizes the most common direct consequences of heat and cold waves to human health. Particularly,
heatwaves cause specific heatelated illnesses such as heat cramps, heat rash, heat oedema, heat syncope
(dizziness and fainting due to dehydration), and heat exhaustion which can lead to potentially fatal heatstroke.

Moreover, health impacts may be direct, cadsby the direct effect of the hazard or indirect, caused by the
consequences of the hazard such as changes in behaviour or impact on services. Direct health impacts occur
when a stable body temperature cannot be maintained (e.g. when temperatures aextoceme), when clothing

or shelter is not suitable or when physiological responses are impaired.

Indirect impacts, occur when related services are affected. For instance, the impact on health services may be
mediated through increasing demand for caditect and indirect impacts on staff, which affect their ability to
work, or ambulance response times. Temperatures extremes may have impacts on wider infrastructure that is
essential for health, such as power, water and transport.



Return period (years) of baseline 20-year heat wave Return period (years) of baseline 2-year cold wave

Figure3. Returnperiod(in yearg of baseline 20year heatwaveand a 2year cold waveor 1.5°C, 2°C and 3°C global
warming.



Tablel. Direct consequences of Headnd Coldwaves to human health and corresponding human susceptibility. Adapted
from Forizeri et al. (2017).

Heatwaves Cold waves

Arterial thrombosis, cardiovascula
cerebrovascular, circulatory and
respiratory disease, influenza
epidemics, premature mortality

Heatstroke, cardiovascular,
cerebrovascular andespiratory
diseasespremature mortality

Direct consequences
for human health

Olderpeople due to impaired

temperature regulation, childre  Olderpeople due to impaired
Human susceptibility and people in stressful temperature regulation and

occupations, with prexisting socially isolated people

illness or socially isolated

3.3 Reported human impacts of extreme heat and cold

In this report we analysed heatind coldwave disaster records collected over 1982016 intheHp i d ~ ¢ f M™ %n f
NatCatSERVICE disastard EMDATdatabases. The information recorded is the number of fatalities, with an
indication of the timing and regiofor country)where the event happened.

Figure Alshows the evolution in time of the number of reported everdadfatalities for heat and cold extremes
in Europe between 1981 and 201@.able A8 presens the total number of reported eventand fatalities over
the reference period for each European country, for heat and cold waves respectifielse @ata show that: i)
the two risksare widespread in Europe; hipatwaves have been reported maly in south European countries
and canhave catastrophic impacts on populatighrough heatstroke, cardiovascular, cerebrovascular and
respiratory diseasesand eventually premature mortalifyii) cold waveshave been reportednainly in Central
and North European countrigwith cardiovascular stress and increased respiratory infectidritsee number of
reported fatalitiesis much higher foheatwaves compared to cold waves. It should also be noted ttie effect
on peopleof days of exteme temperature is substantially less thahat attributable to milder but noroptimum
weather, with most of the temperatureelated mortality burden attributable to belowptimum (i.e. cold)
temperatures (Gasparrini et al., 2015).

The total number of rported events in time shows an increasing trend in the analysed period for both heat and
cold wavesThe total reported fatalities caused blyeatwaveover the period 19812016 sum up t084,071
(3,980 for cold wave) or an average of,272 per year (08 peryear for cold wave). Although reported fatalities
induced byheatwaveshow an increasing trend in tim#his is strongly influenced by the catastrophic evehat
occurred in 2003.0n the other side, no statistically significattend is are observed forcold wave human
impacts



3.4 Projections of h uman impacts of extreme heat and cold

In the EUand UK 9.6 million people are at presengxpected to beexposedeach year to a 50year or more
extremeheatwaveevent whichrepresentsextreme heat conditions such as those experienced in the summer
of 2003. With aprobability to occur once every 50 years in present climdigdefinition this implies thatinder
present climate condition4/50 of the population is expected to be annuakyposed to such evenfAssuming
static population the number of people that is expected to be exposed per year to such intensigxtoéme
heat progressively grows with global warming, 107 millionat 1.5°C,176 million at 2.0°C, and307 million at
3.0°C. Hence more than halfof the European population could be exposedetdreme heat if no mitigation
measures are takercompared with 5%of the populationfor baselineclimate (1981-2010) (Table2).

In case of nocadditionaladaptation, the strong increase in exposwrih global warmingwouldresult in a rapid
rise in the death tollfrom extreme heatin Europe. During the reference period, arounéb2 Europeans lose
their lives each year because of extreme hot temperaturiigete that this number is an estimate based on
reported fatalities in disaster loss databasesver the period 19862016, and true figures are likely much
higher.As depicted irmable B most of these fatalities were registered irSouthern Europe (1,433) and Central
Europe South (746) According to our developed statistical approadh,no adaptation measures are
implemented, this numberises t030,000 deaths at 1.3C (about aten-time increase)around52,000 at 2°C
and approximately95,000 at 3°C (more than &80-fold increase).

Heatwave, human exposure and projected fatalities will riserongly everywhere in Europe. Ydhere isa
latitudinal gradient ofincreasingmpactstowards southern Europ@-igure4). Southern Europeacountries like
Cyprus, Greece, Malta and Spaiould see a 40fold increase in mortalityfrom heatwavesif no stringent
mitigation actions are takenTable AQ) and no adaptation measures are implemented

Population dynamics projected by the EU Reference scenario have a minor effect on the overall increase in risk
related to extreme temperatures ikurope Table2). When demographic changes are taken into account, the
number of people exposed to and fatalities from heat extremes is slightly higher in 2050 and drops again by
2100, as a result of the pragcted decline in population towards the end of the cent(ifable A2. Other non
climatic factors that will affect exposure to and human impacts from extreme heat and cold are the increase

in vulnerable peopleageing populationand city dwellers, as wedls land use and urban planning.

Table2. Summaryfor EUand UKof projected changes in exposure and fatalities related to heat and cold extremes.

EU+UK heat exposure heat fatalities cold exposure cold fatalities
base 9,620,776 2,752 9,620,776 77
Present population 1.5°C 107,821,398 30,194 5,112,878 43
2.0°C 176,270,043 52,182 2,826,614 25
3.0°C 307,144,027 95,337 1,226,096 11
1.5°C 112,455,255 30,650 5,338,071 41
2.0°C 183,068,319 52,666 2,924,151 24
1.5°C 103,363,515 28,810 4,964,788 33
2.0°C 167,987,746 49,375 2,688,268 19
3.0°C 288,578,248 89,644 1,189,432 8




Table3. Summary of relative changem exposureand fatalities related to heat and cold extremes.

EU+UK heat exposure heat fatalities cold exposure cold fatalities

base 100% 100% 100% 100%

Present population 1.5°C 1121% 1097% 53% 55%
2.0°C 1832% 1896% 29% 33%
3.0°C 3193% 3464% 13% 14%
1.5°C 1169% 1114% 55% 53%
2.0°C 1903% 1914% 30% 31%
1.5°C 1074% 1047% 52% 43%
2.0°C 1746% 1794% 28% 25%
3.0°C 3000% 3257% 12% 11%

Older people are particularly vulnerable to extreme heat and suffer increased fatalities from cardiac and
respiratory disease duringeatwaves. The EU Reference Scenario projects that iauidJUKthe share of people

older than 65 years will increase from 19% now to 30% by the end of this centlighle A2, with the highest

shares in some southern European countries such as Portugal, Greece and Italy. This will likely increase the

mortality ratesfrom heat extremes in European populations.

Dense urban areas are often significantly warmer than the surrounding countryside, especially at night. The air
temperature in dense cities can be 5 to 10°C warmer compared to the neighbouring rural areass kKhavn

as the urban heat island effect, and it is mainly related to the size of the urban centre, but also with other urban
characteristics like the dominant type of building design or the total share of green areas. Europe is already
characterised by digh level of urbanisation, with approximately 73% of its inhabitants living in urban areas.
According to the EU Reference scenario, by 2050 and extra 27 million Europeans will live in urban areas. This
will probably amplify extreme heainduced effects though the urban heat island effect.

Greening of cities can reduce the urban heat island effect. Some EU funded projects like the URBAN Greenup
project, LifeMedGreenRoof and the Quick Urban Forestatmplored and implemented naturkeased
approaches to rimimise urban heating. Naturbased solutions are practices oriented to tackle see@mnomic
challenges by taking advantage of the power of nature. Within this context, targets include reducing the energy
requirements of buildings by installing green r@abn them and promoting reforestation in the European cities.
Strategically located shading trees directly reduce building temperatures by reducing the amount of solar
nA\A] pdg _di b¥nfhnp mapiration! Fgrthermofeqg ™ b °
more vegetation means less pavement and more soil, and the increased water absorption of soil allows more
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evaporation to take place, thus cooling the surrounding air.

5 http://www.buildup.eu/en/news/overvialieviating urban-heat-island-contextclimate-change0
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http://www.buildup.eu/en/news/overview-alleviating-urban-heat-island-context-climate-change-0

Figure4. Number of people annually exposedagpresent 58year heatvaveand cold wave (top row) and projected changes
in human exposure to these events for 1.5°C, 2.0°C, and 3.0°C levels of global warming

An oppositdrend isprojectedfor the peopleexpo®dto and fatalitiesfrom extremecold eventsThe ppulation
annually exposed to extreme col@b0O-year event)is projected to decrease fronaround 10 million in the
baselineto 5 million at 1.5°C,2.8 million at 2.0°C and 12 million at 3°C(Table2). These strong decreases are
widespread oveall European countries with relative changasa high warming scenario 0f90% and more
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